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Introduction  

 
The rapid expansion in biofuels has been met with strong support and equally strong opposition (Murphy, 2008). The positive view is that biofuels represent an opportunity to develop new markets and boost depressed commodity prices, which will give farmers an enhanced income, create sustainable jobs in rural Canada and soften rising fuel prices (Murphy, 2008; Sparling et al., 2007). In addition, they will reduce exhaust, airborne toxins and particulates, and are a way to combat climate change by displacing fossil fuels (Klein and LeRoy, 2007; Murphy, 2008). The negative view is that biofuels represent a product sold as good for the environment that in practice does nothing to address unsustainable energy use or agricultural policies (Murphy, 2008).  
 
Since ethanol programs were launched without adequate research or a detailed examination of their consequences (Auld, 2008), their most significant feature is the controversy that surrounds them (Karman et al., 2008). The market success of biofuels will largely depend on their green image, so controversy is likely to hurt the industry. But more importantly, such a debate can motivate this industry to strive towards improvement of the bio/fossil energy ratio (ratio of energy yield to the energy needed in production) and to limit other impacts.  
 
Canada is promoting a biofuels industry to satisfy four worthy objectives (Klein and LeRoy, 2007). The first is to lower greenhouse gas emissions. The second objective is increase farm income through the introduction of a new market for farm commodities which are in surplus (Samson et al., 2008). Related to this objective is the hope that biofuel plants in rural communities can promote rural development and economic diversification, and provide employment to rural communities (Urbanchuk and Kapell, 2002). The fourth objective for Canada is to assist with energy security by making the domestic economy less reliant on imported fossil fuels. This is the least important objective since Canada has no immediate energy security problem (Klein and LeRoy, 2007). 
 
Global production of biofuels is booming, as higher oil prices and technological breakthroughs have made it a more profitable business (Forge, 2007). Sparked by rising crude oil prices, interest in biofuels has increased exponentially since 2003 (Karman et al., 2008; Murphy, 2008; Sparling et al., 2007). Ethanol and biodiesel are the two main biofuels widely used today, but other biofuels are being developed (Forge, 2007). Canada does not have excess capacity to export ethanol or biodiesel and currently almost all ethanol imports (around 70-100 million litres) are from the US (Bradley, 2008). 
 
By 2007 there were 10 plants with total capacity of 725 million litres; 506 million from corn (maize), and 219 million from other grains, plus seven more plants are under construction with planned capacity of 905 million litres - 600 million from corn and 305 million from wheat (Bradley, 2008; Ethanol Producer Magazine, 2007). The capacity will increase to 1.63 billion liters in 2009 - 60% in Ontario and 21% in Saskatchewan (Bradley, 2008). This increase may reach 2.7 billion litres by the end of 2010 (Forge, 2007). An additional capacity of 2.5 to 3.0 billion litres per year needs to be built in the next three years (AAFC, 2006a; Klein and LeRoy, 2007).  
 
In contrast, the US has 111 ethanol plants in operation as of January 2007 with a capacity of more than 20 billion litres, and an additional 75 plants under construction plus 8 expansions to existing plants which are expected to add an additional 23 billion litres to US production capacity upon completion (Renewable Fuels Association, 2007). Also in contrast to Canada, the U.S. is promoting ethanol production and consumption to decrease reliance on foreign oil, as well as increasing farm income (Klein and LeRoy, 2007; Shapouri et al., 2002). The rapid expansion of the biofuels industry in the United States is making only a small dent in their overall dependence on foreign sources of supply of petroleum (Klein and LeRoy, 2007). An eight-fold increase in production of biofuels by 2017) would displace only 15% of projected gasoline use in the United States (Klein and LeRoy, 2007). 
 
In December 2006, the Government of Canada announced (in Bill C-33) that it would regulate 5% renewable content in gasoline by 2010 and 2% renewable content in diesel fuel and heating oil by 2012 (AAFC, 2006b; Canadian Renewable Fuels Association, 2006; MacGregor, 2007; Karman et al., 2008; McIntyre, 2008; Sparling et al., 2007). Table 1 shows the status of biofuel mandate targets in the provinces. The motivation for ethanol in Canada is from environmental concerns, a wish to increase rural development and infrastructure, and to improve farm incomes (Klein and LeRoy, 2007). Provincial governments are also beginning to see bioenergy from forests as a viable socio-economic alternative to traditional forest products (Bradley, 2008).  
 

Table 1. 

Jurisdiction % ethanol By:

PEI 30 2020

Quebec 5 2012

Ontario 5 2007

Manitoba 8.5 n.d.y.

Saskatchewan 7.5 2006

Aberta 0 n.d.y.

B.C. 7.5 2010

Canada 5 2010

Ethanol-gasoline blending mandates 

and target implementation years in 

Canada and provinces.

n.d.y. = no date set yet

As reported by McIntyre, 2008

 
 
In comparison, Forge (2007) presented blending mandates from the US and Brazil. The US provides subsidies to ethanol producers and requires oil companies to blend at least 15 billion litres of ethanol with gasoline annually. This baseline will increase to 28 billion litres by 2012. The Brazilian federal government imposes a mandatory ethanol content of 20-25% in gasoline, depending on market forces (Forge, 2007). In Brazil, more than 15% of cars can run on pure ethanol. 
 
Scope and objectives 

 
Biofuels on a large scale will have a broad range of environmental, social and economic impacts (TRS, 2008). The complete life cycle of a biofuel venture includes the growth of the plant, transport to the refinery, the refining process, the by-products, wastes produced, distribution of the resultant fuel to consumers, end use, and potential for pollution (Fritsche et al., 2008; TRS, 2008). Considerable effort has gone into applying life cycle analysis techniques and models to quantify energy inputs and net Greenhouse Gas (GHG) emission reductions from the use of biofuels (Karman et al., 2008).  
 
After net carbon offsets, sustainable cultivation of farm land, and the safeguard of natural habitats are the two key issues (Karman et al., 2008). The ecological, as well as the carbon, footprint of a biofuel venture should be minimized (Groom et al., 2008). Many of the studies on biofuel impacts have used models that assume only modest land-use changes, or even no land-use changes (Peña, 2008). Impacts on biodiverity have been more difficult to define than other issues and have received much less attention to date (Karman et al., 2008).  
 
This report will examine the positive and negative impacts on biodiversity of production and use of liquid biofuels for transportation. While the focus will be on biodiversity, it will not treat biodiversity in isolation. Rather, it will take into account the complexities of the liquid fuel aspect of the bio-economy in order to identify critical interactions with wider concerns. Otherwise a true picture of the biofuel-biodiversity interface could not be achieved.  
 



 

Special consideration to transport fuels 

 
Biofuels are part of a portfolio of approaches to the reduction of fossil CO2 emissions, including greater energy efficiency, electric vehicles, hydrogen and fuel cells (TRS, 2008). From a purely energy perspective, the best use of biomass is usually just to burn it to produce heat and electricity, or in static applications such as commercial boilers (Bailey, 2008). Taken on an area-of-intercepted-sunlight basis, the photovoltaic cells provide much more power than can be derived from a biofuel crop (Bohlen, 2008). On the basis of mitigated CO2, government spending to reduce GHGs through increased ethanol, particularly from corn, is seven times as much as alternative non-fossil energy sources (Auld, 2008).  
 
Although biofuels do not compare favorably with other options for reducing emissions, they offer the only realistic near-term renewable option for displacing and supplementing fossil fuels in the transportation sector (Karman et al., 2008; TRS, 2008). Ethanol or biodiesel can be burned in a blend with regular gasoline in currently available cars, and in so doing, cut pollution and improve octane performance (Murphy, 2008). Transportation, on average, accounts for about 22% of total Canadian energy demand (Dessureault, 2007; TRS, 2008). With little sign of the developed countries losing their appetite for travel, and millions of new motorists expected in developing countries, we cannot afford to abandon biofuels as part of a low carbon transport future (RFA, 2008).  
 
Two options for fuel oxygenates required for better combustion and clean air include Methyl Tertiary Butyl Ether (MTBE) and ethanol (Klein and LeRoy, 2007). Oil refiners buy huge quantities of ethanol as a replacement for MTBE which raises the amount of oxygen in gasoline so it burns clean enough to satisfy US pollution standards (Hall, 2006). A major problem arose with MTBE when it was found to contaminate drinking water supplies, and has been banned in 25 states which was incentive to mix ethanol with gasoline (Hall, 2006; Klein and LeRoy, 2007). Exhaust from ethanol-blended gasoline contains less environmentally harmful gases or GHGs than gasoline without ethanol (Auld, 2008). So, ethanol has earned a role in the transport sector, regardless of any fossil fuel offset potential. 
 
While fuel blends containing 5-10% ethanol require no changes to gasoline engines and are the most widely available blends at present, the higher blends available, such as E-85 (85% ethanol, 15% gasoline) do require modified engines (Forge, 2007). Ethanol contains only 66% as much energy per litre as gasoline (Auld, 2008; Davis and Diegel 2007; Peña, 2008). E85 fuel, therefore, has lower average volumetric fuel efficiencies than regular gasoline (Auld, 2008). A more important limitation of biofuels is the quantities in which they are currently available. Diverting the entire US corn harvest to ethanol would only replace one sixth of the US gasoline use, so it can't by itself secure the US energy supply (Bailey, 2008). 
 
Diesel fuel is growing in demand as consumers notice the efficiency and durability of diesel engines (Dessureault, 2007). Several options are available for burning biofuels in diesel engines, including processing the bio-oils into biodiesel and modifying diesel engines to burn vegetable oil straight (Tickell, 2003). The merits of biodiesel are discussed in detail below.   
 
Co-development of biofuels and vehicles 

 
Biofuels can play a role in managing energy supply and GHG emissions in the transport sector (Karman et al., 2008), assuming that the sustainability standards discussed throughout this report are implemented. Biofuels and passenger vehicle designs must co-evolve with respect to mitigating GHG emissions. Increased vehicle efficiency would reduce demand for all fuels, so the same quantity of biofuels could then constitute a larger proportion of total fuel demand and hence, less land and water would be needed to satisfy the same fuel blend mandate (Peña, 2008).  
 
Significant reductions in road transport GHG-emissions requires more efficiency in vehicles and driving (infrastructure - roads, speed imits, etc.), improved public transport, more walking and cycling and low carbon fuels (Groom et al., 2008; RFA, 2008). If efficiency improvements to conventional internal combustion engines were focused on fuel economy rather than enhanced performance, fuel economy improvements of 40 to 50 percent could be achieved in passenger vehicles without sacrificing safety (Peña, 2008). The costs of these improvements would be compensated by fuel savings.  
  
Another vision of the new age of transport has been outlined by Siegel (2008). The Plug-In Hybrid Electric Vehicles (PHEV), now powered by high-performance batteries, has the potential to dramatically reduce the public consumption of mobile combustible fuels. With little prospect of ever returning to 20th Century oil prices, the PHEV or similar vehicles are more likely than ever before to be commercially successful on a large scale. It now seems that the plug-in car is about to go main-stream, as indicated by the announcement from GM to start production of the Volt, a car which is driven by electric power, where the internal combustion engine is to run a generator, rather than turning the drive shaft (CP, 2008). As well, that internal combustion engine is E85-compatible, illustrating the possible co-development of electric-biofuel transport.  
 
This technology is possible because of the development of high powered and performance of advanced batteries (Siegel, 2008). The nickel-metal hydride (NiMH) and the lithium ion (Li-Ion) batteries have demonstrated higher energy storage and power delivery capabilities, and longer life than lead acid batteries. Fueling the internal combustion engine side of these hybrid power systems with biofuel, such as E85, would mean that biofuels can play a credible role in transport.  
 
What are biofuels 

 
The term ‘biofuel’ covers a wide variety of products and a wide range of potential GHG offsets, and each biofuel must be assessed on its own merits (TRS, 2008). Of the 86% of primary energy in Canada that is combustable, petroleum accounts for 39%, natural gas for 28% and coal for 13%, and biomass accounts for 6% (Bradley, 2008). Biofuels are an integral part of the emerging bio-economy (the use of plant material to produce chemicals which can replace fossil-derived chemicals) (TRS, 2008). Any biomass that is burned as a substitute for any of these fossil energy terms qualifies as a biofuel (Bradley, 2008).  
 
Theoretically, biofuels are “carbon neutral;” that is, these fuels cause no net increase or decrease in atmospheric CO2 levels (Paustian et al., 2006). Burning biomass means recycling of carbon between plant matter and the atmosphere, rather than releasing fossil carbon back into the atmosphere. Fossil fuel is used in growing the biomass, to power tractors and to make the fertilizers, and to transport biomass to an energy facility and in some conversion processes.  
 
The biomass feedstocks, plant extracts, processes, pathways and end-products for a range of biofuel types, adapted from Peña and Sheehan (2007), are shown in Figure 1. Among the most promising of these pathways are the following (Peña, 2008): production of ethanol, butanol or related products using enzymes to break down cellulose (enzymatic hydrolysis); production of gasoline or diesel equivalents through gasification or pyrolysis of plant material; production of any of the end-products shown in Figure 1, via any of the conversion processes, using algae as the feedstock; and use of algae as a mechanism to produce oils or sugars easily convertible into fuels. Two other technologies in the early stages of commercial development in Canada, that are not shown in Figure 1 are biosyngas from high-temperature gasification of biomass and biogas from anaerobic digesters and landfill gas capture (MacGregor, 2007).  
 
 
Figure 1. 
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Biofuel feedstocks (biomass) and pathways - Adapted from Peña and Sheehan, 2007.  
 
 
Wood pellet exports are expected to increase, with sales to the US expected to remain constant at 450,000 tonnes annually whereas exports to Europe could triple, while domestic markets are growing only marginally (Bradley, 2008). Burning grass pellets is a variation on the concept solid biofuels (Samson et al., 2008). This approach is appealing due to its energy effifiency, although it does not contribute to the liquid transport fuel. But since it involves biomass, any potential impacts will be dealt with below in the same context as other cellulosic feedstocks. 
 
Grain ethanol 

 
Although corn-based ethanol is considered to the worst biofuel alternative with respect to energy, GHG emissions and social impacts, it is also the most advanced for commercial production (Groom et al., 2008). Processes capable of converting algae, crop wastes, perennial grasses, wood and wood wastes to ethanol or biodiesel precursors are still at pre-commercial stages (Peña, 2008). In spite of its limitations, the emergence of grain ethanol may help establish the infrastructure logistics that will be needed for large-scale bioethanol use, including possible engine modifications, distribution networks and production facilities (Bohlen, 2008; Karman et al., 2008; Peña, 2008).  
 
Ethanol is an alcohol produced through fermentation of sugar, which is usually blended with regular gasoline (Forge, 2007). The estimated net energy value (NEV) of corn ethanol was 5.9 MJ/litre (Shapouri et al., 2002). The key steps in the production of corn ethanol, as described by Auld (2008), are shown in Figure 2. To produce ethanol from grain, the starch portion must be extracted. This involves mixing the starchy tissue to water to form a mash which is then heated (NEVC, 2008). Finally, enzymes are added to separate the fermentable sugars.   
 
Figure 2 
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One of the attributes of grain-based ethanol is that it provides useful co-products (Shapouri et al., 2002). For each 100 kg of corn fermented in a dry-milling ethanol plant, approximately 36 liters of ethanol, 32 kg of distillers dried grains (DDGs), and 32 kg of carbon dioxide are produced (Dessureault, 2007; Klein and LeRoy, 2007). The DDG by-product replaces about one third (by weight) of the feed grains used to produce ethanol and can be shipped as dry feed, although the feed quality is lower than the original grain (Klein and LeRoy, 2007). The wet distillers grain had to be consumed by local cattle (Dessureault, 2007). Corn oil, corn gluten meal (CGM), and corn gluten feed (CGF) can also be derived from wet milling (Shapouri et al., 2002). 
 



 

Ethanol is made from sugarcane, sugar beets, maize, wheat, cassava, and other starches (Kojima et al., 2007). In the United States, where ethanol production nearly doubled between 2002 and 2005, ethanol is derived almost exclusively from corn (Forge, 2007). In Canada, ethanol is made from wheat in the western provinces, and from corn in Ontario and Quebec (Forge, 2007). Canada produces about two-thirds of its ethanol from corn (1.0 Mt) and the rest from wheat (0.5 Mt) (Auld, 2008).  
 
The United States, Brazil and China are the world’s largest ethanol producers, producing 18.2, 17.0, and 3.8 billion litres, respectively in 2006, which in total accounts for approximately 78% of the world’s ethanol (Forge, 2007; Peña, 2008). Canada produces about 600 M litres of ethanol from corn and wheat and about 100 million liters of biodiesel (MacGregor, 2007; Sparling et al., 2007). In 2006, Ontario accounted for 57.3% of Canada’s corn crop, Quebec for 36.4% and Manitoba for most of the rest (Auld, 2008). The economic stimulus that ethanol provided for US agriculture (Shapouri et al., 2002) is likely to be repeated in Canada, given the federally mandated gasoline blending. However, as Klein and LeRoy (2007) have shown in Figure 3, Canada is a relatively small producer of ethanol. 
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Shapouri et al. (2002) pointed out that ethanol production can use abundant domestic supplies of coal and natural gas to convert corn into a liquid fuel that can displace petroleum imports. Only about 17 percent of the energy used to produce ethanol comes from liquid fuels, such as gasoline and diesel fuel. That is, for every 1 Btu of liquid fuel used to produce ethanol, there is a 6.34 Btu gain (Shapouri et al., 2002; Song, 2007). Nowhere is the divergence between energy security and GHG mitigation more obvious than in the heating energy source for the ethanol process (See discussion of Figure 4, below).   
 
Fuel ethanol is not new. Early in the 20th century it lost out as an industry to the newly discovered oil drilling in Texas (Klein and LeRoy, 2007). Germany used ethanol when oil was unavailable in WWI. In the 1970s, Brazil initiated a massive ethanol production program as a response to oil price increases and to enhance its energy self-sufficiency, and achieved world dominance as an ethanol producer due to its abundance of sugarcane (Forge, 2007). In 2000, total world production of ethanol for fuel was less than 20 billion litres and by 2005 production had more than doubled to over 45 billion litres, about 3% of the transport gasoline use in the world (Klein and LeRoy, 2007).  
 
The relevant events in the historical development of the ethanol industry, most of which were described by Shapouri et al. (2002) are shown in Figure 4. 
 
Figure 4 
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Cellulosic ethanol 

 
Cellulosic ethanol should provide better energy returns, have lower environmental impacts, and cause fewer disruptions in food supply than corn ethanol (Bohlen, 2008; Peña, 2008). Cellulosic ethanol blends could provide a more effective approach to reducing GHGs than corn or wheat ethanol (Auld, 2008). It is unclear at this time if commercial cellulosic ethanol production will become a reality in Canada in the near future (Klein and LeRoy, 2007), since cellulosic conversion costs likely need to decrease by half to be competitive (Peña, 2008). Research is expected to achieve this production cost reduction within ten years, whereas the cost of producing ethanol from corn (in the US) will only decline by about 14% in that period (Klein and LeRoy, 2007). If successful, this research should make cellulosic ethanol cost-competitive with corn ethanol (Hill et al., 2006).  
 
Cellulosic ethanol is the result of transforming the cellulose, hemicellulose and lignin in non-grain biomass into starch which can be converted to ethanol (Paustian et al., 2006; Sparling et al., 2007). Research has already reduced the cost of these enzymes over the last four years. Iogen is an Ottawa-based biotechnology firm that has pioneered the world's first demonstration-scale facility to convert cellulose material such as wheat straw into bioethanol (called EcoEthanol) using its patented enzymes (Dessureault, 2007). The first Iogen Corporation demonstration plant has a capacity of 3.8 million litres per year (as of April 2004) and other potential locations are being assessed for a commercial prototype cellulosic ethanol plant (Sparling et al., 2007). 
 
Feedstocks for cellulosic ethanol can be grown on marginal land that would not otherwise be used for production, meaning it would have a negligible impact on food prices (Auld, 2008). Converting the energy in cellulose to fuels can significantly limit competition with food for land (Peña, 2008). 
 
Switchgrass, diverse mixtures of prairie grasses and forbs, and woody plants, which can all be converted into cellulosic ethanol, can be produced on agriculturally marginal lands with no or low fertilizer, pesticides, and energy inputs (Groom et al., 2008; Sparling et al., 2007). It is estimated that ethanol from agricultural residues and energy crops could potentially provide six to eight times as much ethanol as is derived from corn starch (Paustian et al., 2006). Switchgrass and other grass species, herbaceous perennial plants and short-rotation, coppice trees such as willow and poplar may be the most appropriate and productive feedstock for the so-called second generation biofuels (Karman et al., 2008).  
 
Switchgrass is a bunchgrass that protects the soil against erosion, increases soil carbon sequestration, improves water quality and wildlife habitat and can replace fossil fuels in electricity generation (Duffy and Nanhou, 2002). Biomass yields from switchgrass are three to five times higher than the biomass from most crop residues (Paustian et al., 2006). Switchgrass may also be used as a pasture or hay crop (Duffy and Nanhou, 2002). Although switchgrass is more productive on higher-quality land and responds well to fertilizers, it is suitable for marginal land primarily because it has been shown to grow well with much lower fertilizer inputs than other crops, particularly corn (Auld, 2008; Duffy and Nanhou, 2002; Groom et al., 2008). Being a warm season (C4) plant, switchgrass can use water and solar radiation very efficiently (Samson et al., 2008).  
 
Although it does not produce ethanol, oil from fast pyrolysis of wood is another liquid biofuel process that uses fibrous biomass as a feedstock. The product is a brown, free-flowing liquid fuel that has a density of 1.2 kg/litre, and a heating value that is 40% of diesel by weight, or 55% by volume (Bradley, 2008). It can be stored, pumped and transported like petroleum products and can be combusted directly in boilers, gas turbines and slow to medium speed diesels for heat and power. Recent research also suggests that pyrolysis oil can be a good feedstock for gasoline production in existing oil refineries (Bradley, 2008). 
 
Biodiesel 

 
Biodiesel is made by combining natural oils with methanol or ethanol (Paustian et al., 2006; Tickell, 2003), using sodium or potassium hydroxide as a catalyst and producing glycerin as the by-product of the transesterification process (Tickell, 2003). To the extent that fossil fuels are used for the energy needed in the conversion process, trans-esterification results in less GHG emissions per unit of biofuel energy than fermentation (Peña, 2008). The ratio of the energy in corn-based ethanol to energy used in conversion is 1.5-to-1 compared to the 9-to-1 and 3-to-1 ratios for palm and soybean-based biodiesel (Peña, 2008). In comparison to fossil diesel fuel, emissions from biodiesel contain virtually no sulphur oxides, sulphates, heavy metals and other pollutants (Karman et al., 2008; Klein and LeRoy, 2007).  
 
Biodiesel is produced from almost any form of vegetable oil, including canola, sunflower, soybean, corn, peanut and safflower oil, soybean oil, waste oil, and, increasingly, palm oil (Karman et al., 2008; Kojima et al., 2007; Sparling et al., 2007). Biodiesel is also produced from a variety of waste or recycled products, including animal fat from animal slaughtering and processing plants, used oils from restaurants, manufacturers and industrial operations, and brown grease from oil and grease traps inside sewage systems.  
 
At 8.5 Mt in 2006/2007, Canada is the world’s largest canola producer (Bradley, 2008; Dessureault, 2007). The Canola Council of Canada, has been lobbying to include a biodiesel content target in the national renewable fuel strategy (Klein and LeRoy, 2007). However, supply of biodiesel feedstock represents a major technical challenge, accounting for about 80% of current production cost (Karman et al., 2008). Since the expansion of US corn pushed the price of canola up by 50%, canola may now be too expensive to use as a biodiesel feedstock, at least in North America (Klein and LeRoy, 2007).  
 
There has been a tremendous demand for Canadian canola to cash in on the vegetable oil demand in Europe, created by both biodiesel and the reputation of canola as a healthy cooking oil (Bradley, 2008; Dessureault, 2007; Informa, 2006). Demand for canola oil should continue to rise to fill the void in the food markets when other oils are used in biodiesel production (Informa, 2006), so an increase in fertilizer may be required to increase the production of canola in western Canada. While the fertilizer requirements of cellulose feedstocks may be less than those of food based feedstocks, fertilizer will still be required to sustain biomass production.  
 
In Europe, more biodiesel is produced than ethanol, with rapeseed used as the primary feedstock (Peña, 2008). Since even small proportions of biodiesel in regular diesel fuel can cause flow problems in cold weather, biodiesel is meeting resistance in Canada (Klein and LeRoy, 2007). This and other performance problems arise when biodiesel is manufactured using the traditional method of reacting an oil with an alcohol (Kojima et al., 2007). Nevertheless, the European demand for biodiesel feedstock will continue to drive canola prices. Although canola yields more oil per seed weight, the higher value co-product of soybean oil and its ability to fix nitrogen (whereas canola requires nitrogen fertilizer) allows it to be sold at lower price than canola oil, making canola-derived biodiesel relatively more expensive (Stiefelmeyer et al., 2006). 
 
Production capacity grew in Canada from nine million liters to almost 100 million liters in 2007/2008, but future growth may be limited by lack of cheap feedstock (Dessureault, 2007; Paustian et al., 2006). Biodiesel is now being produced on an industrial scale at Rothsay at an estimated 35 million litres per year (Biodiesel Magazine, 2007). A BIOX plant in Hamilton, Ontario has an annual capacity of 60 million litres. Canadian Bioenergy Corporation is planning a biodiesel plant with an annual capacity of 114 million litres in Alberta (Canadian Bioenergy Corporation, 2007). Most of the projected increases in biodiesel production in Canada will be from rendered animal by-products, as well as recycled vegetable oil (from restaurants), which puts a ceiling of 250 million litres on potential production (Bradley, 2008; Dessureault, 2007).  
 



 

Algal biofuel 

 
Biofuel production from algae to appears to be the best non-fossil liquid fuel alternative (EcoGeeks, 2008; Groom et al., 2008). Because algae-based biofuels are expected to yield so much more energy than terrestrial-based biofuels, they are considered the only serious option to displace petroleum-based liquid or mobile fuels (Hodge, 2008). Biomass from micro-algae has a high energy content and enormous potential for much higher energy yields and, so far, appears to have a much smaller ecological footprint than current feedstock choices (Chisti 2007; Groom et al., 2008). Rising food prices also hurt crop-based biofuels producers, who have to pay higher prices for their feedstocks like corn and soy oil (Hodge, 2008).  
 
Up to 50 percent of an algae’s body weight is comprised of oil, whereas oil-palm trees, currently the leading biodiesel feedstock, yields only about 20% oil by weight (Haag, 2007). Microalgae can produce 30 to 100 times the oil yield of soybeans (Cornell, 2008). The oil produced from algae will process into biodiesel as easily as oil obtained from land-based crops (Pehr, 2007). While yields are 470 litres of oil per ha for soy, 1,400 for canola and 6,080 for palm, algae is expected to produce 94,000 l/ha (Haag, 2007). 
 
Algae can grow in salt water, freshwater or contaminated water, at sea or in ponds, and on marginal land (Cornell, 2008; Haag, 2007; SD, 2008). Processing algae first requires an algal soup from which algae cakes are continually removed and dried, which are in turn repeatedly washed with solvents to extract the algal oil (Haag, 2007). This oil is then converted to biodiesel via transesterification. Although the remaining biomass can be treated with enzymes to convert starches into simple sugars, which are fermented into ethanol, the most likely product to succeed commercially will be biodiesel. 
 
The two means of Algae production are (1) closed water system that is fed by the sun and CO2 coming out of smoke stacks and (2) open water system that rely solely on the sun but require large acreages of open ponds (EcoGeeks, 2008). Exhaust gas from a power plant is bubbled through cylindrical upright tanks full of algae-laden water. The algae extract the CO2 from the exhaust and convert it to sugars via photosynthesis (Haag, 2007). Algae should grow better when fed extra carbon dioxide (exhaust) and organic material like sewage (SD, 2008). 
 
The algae-based biofuel approach is very much in its infancy. Growing algae fast enough and cheap enough to make it economical is not easy (Haag, 2007; Karman et al., 2008). Harvesting will not be as simple as running a combine through a field of canola (Ladd, 2008). The main challenges facing algae biofuel were to collect and press the algae, and to prevent contamination by invasive species, particularly in open ponds (Cornell, 2008). 
 
Scientific interest in producing fuel from algae started in the 1950s and the US Department of Energy did research on algae biofuel from 1978 to 1996 (SD, 2008). It is unlikely, however, that any significant commercial production will happen before the next five years, although there are some pilot projects underway now (Ladd, 2008). One producer, Algenol Biofuels, is starting a plant to generate ethanol from algae, without the bio-oil or livestock feed by-products, using just sunlight, CO2 and seawater, in a closed bioreactor (Ghelfi, 2008). GreenFuel, one of the new algae biofuel producers, hopes its pilot plant will see initial yields of 75,000 litres of biodiesel and 47,000 litres of ethanol per ha from algae (Haag, 2007). Since so many of the algae technologies are new, their promise should not lead to complacency. For the next two years, planning has to progress as if most biofuel feedstock production will be terrestrial and will compete with food growers, and possibly wildlife habitat as well, for land. The same caution applies to cellulosic ethanol.  
 

Biogas 

 
Anaerobic digestion breaks down organic waste in a tank, container or lagoon in the absence of oxygen. Biogas consists of methane (50%-80%), carbon dioxide (20%-50%), and trace levels of hydrogen, carbon monoxide, nitrogen, oxygen, and hydrogen sulphide (Klein and LeRoy, 2007). Because of the high carbon dioxide content, biogas does not burn in exactly the same way as natural gas (Klein and LeRoy, 2007). So biogas will not be as rich a fuel as natural gas which has the highest hydrogen-to-carbon ratio of any fuel, short of hydrogen itself (NGVAmerica, 2006). In some cases, by-products from biogas can be used as fertilizer. Anaerobic digesters and biogas recovery systems can reduce greenhouse emissions from livestock activities (Klein and LeRoy, 2007). From the perspective the biofuel-biodiversity interface, biogas does not warrant the same concern as ethanol or biodiesel since biogas does not require the feedstock to be grown as a crop.  
 
NGVAmerica (2006) quoted national and international studies that, on a full well-to-wheels assessment, natural gas vehicles (NGVs) produce about 15 percent less greenhouse gases than a comparable diesel vehicles, and 20 percent less than comparable gasoline vehicles, even when any methane that may escape during production transportation or use are factored in. It is estimated that displacing 10 billion gallons of gasoline by biomethane would reduce greenhouse gases by the equivalent of 500 million metric tons of CO2 (NGVAmerica, 2006). However, with respect to this analysis, it is still a fossil fuel and switching to natural gas for transport should be a substitute for the more efficient transport systems discussed above. As well, any fuel line leakages from these vehicles would constitute huge GHG emissions.  
 
Growing concerns 

 
There is clear discomfort beginning to be expressed about biofuels. In November 2007 Quebec announced that no other corn ethanol plants would be built and similar questions about environmental benefits of corn ethanol are starting to be asked in other provinces (Bradley, 2008). In June, 2007, a group of NGOs published as set of arguments for a moratorium on further biofuel development (Murphy, 2008). Although some of the concerns arose from mis-perceptions, and relate to problems that are not insurmountable, it is useful to list a few of the general ones here.  
 
Massive biofuel production could push the current global terrestrial area in net primary production from around 40% to beyond 50% (Bohlen, 2008). It is feared that ethanol from sugar cane, corn, or wheat; and biodiesel from rapeseed or soybean (or first generation biofuels) may adversely compete with food production since they utilize high-energy food/feed crops that are rich in sugars and/or edible oils (Karman et al., 2008). The greatest barrier to biofuels may be concerns for the burning and clearing of rain forests to plant palm and soybeans in Southeast Asia and Latin America (Kojima et al., 2007; Tomlinson, 2007). 
 
Biofuels are a very costly strategy for GHG reduction (Klein and LeRoy, 2007). With today’s technologies, the cost of advanced biofuels (depending on oil prices) would exceed gasoline costs by a factor of two (Peña, 2008). Hence, support for R&D will most likely need to escalate significantly. Since ethanol cannot be shipped by pipeline, long distance ethanol transport requires sealed trucks (Klein and LeRoy, 2007). 
 
The next generation of biofuels must be made from feedstocks that significantly lower GHG profiles, put less pressure on agricultural lands, potable water supplies, and habitat (Peña, 2008). In June 2007 a $25 million plan to establish a Chair at Sherbrook University to develop two cellulosic ethanol demonstration plants was also announced (Bradley, 2008).  
 
However, a significant expansion of cellulosic ethanol would create a major transport challenge (Klein and LeRoy, 2007). Transporting the bulky feedstock into a central ethanol processing facility would have to receive hundreds of truckloads of fibrous plant material every day, each truck hauling about 30 large round hay bales (Paustian et al., 2006; Shapouri 2007). Such an expansion would also require large yield increases that may only be achieved through genetically modified grasses. Introduction of genetically modified crops entails environmental and political risks (Paustian et al., 2006). Some researchers suggest that a doubling of current biomass yields is achievable through genetic manipulation of grasses (Shapouri, 2002). Since the application of such a crop is for bimass, it is likely to be planted extensively, and the risk of it expanding beyond its intended area of planting is a concern. 
 
Carbon footprint and energy balance 

 
GHG emissions need to be stabilized in the next decade and reduced by 60-80% by 2050 (RFA, 2008). Since 1990, Canadian GHG emissions have increased by about 25%, from 506 Mt to 747 Mt in 2005 (Bradley, 2008). Although energy security is still a big political topic in the US, it is no longer possible to make decisions about energy without reference to global climate change (Murphy, 2008). However, with the US goal of energy independence, this new bio-economy will spill over into Canadian energy consumption patterns (Ladd, 2008). Hence, the CO2 emissions offset role of biofuels must be a serious consideration, along with its growing transport energy role. But to play a role in reducing net GHG from transport, biofuel-related GHG emissions from land-use change must be avoided (RFA, 2008). 
 
Part of the carbon dept, as well as production cost, of a crop can be assigned to the co-product (Fargione et al., 2008; Karman et al., 2008). For example, the by-products of ethanol and biodiesel production can be used as a low price protein source in animal diets (Klein and LeRoy, 2007). The shares of carbon debt of soybeans, and corn shifted to their livestock feed co-products are 61% and 17%, respectively (Fargione et al., 2008). Since second generation biofuels use the whole plant, and no co-products are produced, they may cause greater net land use change when grown on prime farmland than first generation biofuels that are grown on marginal land (RFA, 2008). Offset of the land that would be used to produce material that the co-product replaces is discussed further under secondary land use shifts (below).  
 
Biodiesel technologies generally achieve a 40 to 50% saving compared to that of conventional diesel (RFA, 2008). Whereas Peña (2008) also reported biodiesel fossil energy cosumption (inverse of the bio-fossil carbon ratio) as about half that of gasoline, Paustian et al. (2006) reported only 0.31 MJ of fossil energy as needed to produce one MJ of biodiesel energy. This difference may be due to assuming soybeans as the vegetable oil source, a crop which, unlike corn, requires no (or very little) nitrogen fertilizer. The energy required to manufacture nitrogen fertilizer is the largest single term in the farm energy balance (Dyer and Desjardins, 2007). This is an advantage over canola oil which is not a nitrogen-fixing legume.  
 
There is a need to estimate the trade-offs between lower GHG emissions and overall economic growth and to develop policies that reflect what Canadians might be willing to sacrifice (Klein and LeRoy, 2007). The range of savings from current bio-ethanol technologies is much wider, from 20% to 80% depending upon feedstock, rates of fertilizer application type of input energy source (coal, gas or biomass), heat and power technology (simple boiler, CHP or advanced turbine) and the specific use of co-products (RFA, 2008). A fuel’s GHG profile or carbon footprint is the sum of GHG emissions caused by its production, distribution, and use (Peña, 2008). The carbon footprint also includes energy inputs to grow, harvest, transport, process, and distribute biofuels, in relation to the CO2 released when the biofuel is burned (Groom et al., 2008).  
 
Choices must be made as to which emission terms to include in a fuel’s GHG profile (Peña, 2008). For example, emissions from the manufacture and use of fertilizer to produce a feedstock are usually included, but emissions related to the building of the fertilizer plant or farm buildings, generally are not included. The farm energy balance developed by Dyer and Desjardins, which would also apply to growing feedstocks, include farm field work, farm transport (vehicles owned by farmers), heating fuels, electrical power, the manufacture and shipping (supply) of farm equipment and chemicals (mainly nitrogen fertilizer). This definition of the farm energy balance stopped at the farm gate because farm products can go to food processing and distribution networks or into the biofuel industry.  
 
Replacing gasoline with ethanol made from corn grains reduces GHG emissions by 20 to 40 percent, compared with savings of around 100 percent for ethanol made from Brazilian sugar cane or lignocellulosic biomass such as corn stover or energy crops (Paustian et al., 2006).  
 



 

As seen above, GHG reduction from grain-based ethanol is only about 20 to 40%, depending on the agricultural practices employed and ethanol production process efficiency (Graboski, 2001; Klein and LeRoy, 2007; Paustian et al., 2006; Shapouri et al., 2002), whereas cellulosic ethanol is 70 to 90% (Klein and LeRoy, 2007). Some critics argue that grain-based ethanol will actually demand 28.5% more energy than they produce (Kleiner, 2007; Thompson, 2005), although this view is no longer consensus. Biodiesel from canola or soybeans reduces greenhouse gases by 40 to 60% over the use of petroleum diesel (IEA, 2004). The bio/fossil energy ratio for ethanol made from corn is 1.3; from sugar cane, the energy balance is 8.3; from trees, grasses and other types of cellulosic biomass, the energy balance can be as high as 16 (IEA, 2004; Paustian et al., 2006).  
 
Figure 5 compares some of the liquid biofuel production options. Although the primary plant energy source for ethanol is natural gas (Sparling et al., 2007), the effect of some other heating fuels are also shown. 
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Carbon capture and disposal (CCD) defines the CO2 removed from the atmosphere during photosynthesis that is not returned to the atmosphere. Ethanol produced from switchgrass (counting the CCD as negative emissions) could actually remove more CO2 from the atmosphere than is emitted. Figure 5 also shows that if coal is used for conversion energy, ethanol fails to reduce GHG emissions compared to gasoline use. In addition, if biomass is used for the conversion energy, emissions are reduced by about half, and if ethanol plants capture and store CO2 emissions in geologic formations, emissions could be about one-third of gasoline use. As noted above regarding the divergence between energy security and GHG mitigation, using coal in this application plays a negative role in GHG mitigation.  
 
The 0.75 bio/fossil energy ratio for ethanol from grain corn (Shapouri et al. 2002) only considers the fossil energy contained in the crude oil itself, and does not account for the fossil energy that goes into collecting and converting crude oil into gasoline - about 20% of the crude oil energy (Paustian et al., 2006). Factoring this additional 20% to the fossil energy cost of burning gasoline makes the bio/fossil ratio closer to 0.5.  
 
The negative effects of clearing native forests cannot be over-stated: from a carbon balance perspective as well as the destruction of habitat. During land clearing or breaking new soil, the up-front release of the carbon sequestered in land over many previous decades must be offset by annual biofuel benefits (Kleiner, 2007; Searchinger et al., 2008). Globally, forests store about the same amount of carbon as the atmosphere, which is divided fairly evenly between biomass, soils and litter (RFA, 2008). If tropical forests, peatlands or other carbon sinks are destroyed to make way for biofuel production, huge GHG releases could result (Lee and Elsam, 2008).  
 
Searchinger et al. (2008) put the up-front soil carbon losses at about two orders of magnitude greater than the yearly CO2 reductions from the biofuel grown on that area. Since any carbon storage benefits from the feedstock can only come from growth in one year at a time, a long payback period is required before any actual GHG savings are achieved. As well, after the initial land clearing event, from fire or heavy equipment, there is a prolonged period of GHG release as coarse roots and branches decay, and as wood products decay or burn (Fargione et al., 2008). Certainly from the perspective of land (and other factors as well), the policy imperatives of protecting carbon sinks are allied with safe-guarding biodiversity.  
 
Interactions with food supply 

 



 

The interaction between fuel and food production, and its impact on food prices is complex (Karman et al., 2008). The ethanol to fill a 75 litre fuel tank uses about the same bio-resource as it takes to feed one person for one year (Brown, 2006). Seeing world grain consumption exceed total grain harvests in six of the last seven years (Klein and LeRoy, 2007) has raised international alarm, particularly among food donor organizations such as Oxfam and FAO. The UN (2007) has argued for a five-year moratorium on biofuel, against using food crops as feedstock, and against an agro-industrial approach to biofuel production at the expense of family agriculture. To convert foods such as corn, wheat, sugar and palm oil into fuels could leave the poor in developing countries at the mercy of rapidly rising prices for food, land and water (Klein and LeRoy, 2007; RFA, 2008; UN, 2007).  
 
Rural development and decent livelihoods in developing countries, however, are more important than maximizing global food supply (Murphy, 2008). Rising prices for food-based commodities, such as cereals and vegetable oils, could assist investment in agriculture and forestry in developing countries which would improve yields and production efficiencies (Murphy, 2008; TRS, 2008). The lack of infrastructure in some developing regions, such as in southern Africa, can stall the development of biofuel industries (RFA, 2008). Time will be needed to rebuild agricultural sectors that have been severely undermined by decades of neglect (Murphy, 2008).  
 
Corn is the staple food in a number of developing countries, especially in Africa (Kojima et al., 2007). Food accounts for only 10% of the use of corn, even though the price of tortillas in Mexico rose 60% (Song, 2007). Since only about one-fifth of the entire 2006 US corn crop went into ethanol production (Sparling et al., 2007), livestock consume approximately 70% of US corn. The fact still remains, however, that in 2006, the corn diverted to ethanol production in the US was equal to two-thirds of the worldwide deficit in grain production (Klein and LeRoy, 2007). What now seems ironic is that farmers in Latin America are replacing traditional crops such as agave (an ingredient for tequila) to plant corn and other feedstock crops like oil palm and soy (Tomlinson, 2007).  
 
The role of market speculation in rising food prices has, to date, received relatively little attention (RFA, 2008). Recently non-traditional users of futures markets have significantly increased their investment in commodities. These interventions have distorted the food market so that it no longer reflects true supply and demand. Together with the weak US dollar, this speculation has probably caused close to 60% of the recent price rises in commodities. Hence, the food verses the biofuel debate is far from straight forward.  
 

Since current starch-based ethanol and biodiesel feedstock supplies are distorted by many food issues, governments cannot develop a sustainable biofuels program without looking at agriculture as a whole (Murphy, 2008). Agricultural subsidies in many western countries and the dumping of surpluses on world markets have adversely affected the development of agriculture in many developing countries (Karman et al., 2008; TRS, 2008). Certain types of food aid (when not for emergency relief) can actually be destructive (Shah, 2005). Dumping food onto poorer nations (free, subsidized, or cheap food, below market prices) undercuts local farmers, who cannot compete and are driven out of jobs and into poverty, further slanting the market share of the larger producers such as those from the US and Europe. When this cheap food (from highly mechanized farms on large acreages) is sold, or given, to the developing world, the local farm economy is destroyed.  
 
Dumping is wide-spread and was happening even before the rapid growth of biofuels (Shah, 2005). Dumping from big consumers and exporters of grain, particularly the USA, had a depressing effect on production in countries that depend on agriculture to provide livelihoods (Murphy, 2008). For example, the Mexican government has put over 2 million corn farmers out of business over the past few years by allowing imports of heavily subsidized corn from the United States (Shah, 2005). This may well be the real cause of the Mexican corn crisis, since it created the vulnerability of low-income people to a commodity that they do not control before ethanol industry reduced the supply of corn to the market.  
 
The massive migration of rural residents to urban centres in search of employment has far exceeded the capacity of those centres to provide that employment throughout the developing world (Nanavati, 2004). Net sellers of food, including many of the poor engaged in agriculture in developing countries, will benefit, whereas the welfare of urban workers and net buyers of food generally will decline and the urban poor will suffer as a result of increased food prices (Auld, 2008; Kojima et al., 2007; RFA, 2008; TRS, 2008). The re-emergence of a viable food sector (with a market incentive driven by demand for biofuel feedstocks) could reverse the migration to cities and get people back on the land in many developing countries.   
 
Land use issues and feedstocks  

 
The relative impact of biofuel feedstock production on land use may be far greater than the relative contribution that biofuels can make to energy supply. For example, meeting half of Canada’s target of 5% ethanol blend of gasoline consumption by 2010, will require approximately half of the current farmland used for corn (Auld, 2008).  
 
As was seen above, the fossil CO2 reduction capability of ethanol made from Brazilian sugarcane or lignocellulosic biomass is superior to corn ethanol (Paustian et al., 2006). The choice of feedstock helps to determine the pressure that biofuel industries will put on land use. The so-called second-generation biofuels are expected to perform better from an environmental perspective because the feedstocks involved use less inputs, because more of the plant can be used to generate energy, and because a greater variety of feedstocks can be used, resulting in feedstock choices that are more appropriate to local growing conditions (Murphy, 2008).  
 
Feedstocks grown in a sustainable manner can have a positive impact on degraded lands and forests by building soil fertility and water retention capacity, and improving habitat and biodiversity (Peña, 2008). The growth of biofuel feedstock must be balanced against other existing and potential uses of land (TRS, 2008) and must consider the competition (or compatibility) for land between biofuel and food production (Karman et al., 2008). If not grown sustainably, ethanol feedstocks could use up resources that should be feeding people, cause environmental damage by bringing more land into cultivation and could actually result in higher greenhouse gas emissions (Kleiner, 2007).  
 
Canada is the most forest-rich country in the world, with about 11 ha of forest per person, and so is quite capable of supporting a cellulosic biofuel industry (McIntyre, 2008). Of the almost hundred million ha Canadian landmass, forests cover about 41%, or 402 million ha, of which 25%, or 245 Mha, are a productive source of timber (Bradley, 2008; Wood and Layzell, 2003). The biomass of this area stores about 15,835 Mt of carbon, equivalent of 69 years of the current fossil energy demand of Canadians (Klein and LeRoy, 2007). As well as huge quantities, there is a great diversity of organic feedstocks in Canada (McIntyre, 2008).  
 
Farmland occupies 67.5 Mha in Canada, or 6.7% of the total land base, of which crops are grown on 36.4 Mha, or 54% of farmland (3.6% of the total land base) (Bradley, 2008; Wood and Layzell, 2003). Canadians have on average 1.5 ha of arable land per person, the second most agriculturally endowed nation after Australia, and probably a more productive growing climate than that country, (McIntyre, 2008). Based on this land resource inventory, diversion of some farmland to a sustainable biofuel production industry in Canada would seem to be a reasonable policy for Canada.  
 
Increased intensity of crop production could lead to more monoculture (Klein and LeRoy, 2007). Much of the feedstock for biofuels, which relies on monocrops that require significant external inputs, is unsustainable, particularly if production is expanded onto peat lands, tropical rain forest, or other environmentally sensitive areas, and is not the way to manage natural resources (Murphy, 2008).  
 
The biofuel-livestock interface  

 
Land-use changes occur for a variety of reasons, including the rising demand for food due to rising populations and incomes (Peña, 2008). As incomes rise, so too does meat consumption. Meat and poultry have higher carbon footprints than fruit and vegetables (Trivedi, 2008), although a rigorous assessment of just how much is still to be done in Canada. Low commodity prices fuelled the livestock industry, typified by confined animal feeding operations (Murphy, 2008).  
 
Directing the cultivation of biomass onto degraded land or abandoned farmland can safeguard against negative indirect land-use changes (Fritsche et al., 2008). Farmland that has been retired from annual crop production and planted to perennial grasses may have a short payback time when converted to corn ethanol production because these systems have already lost a significant portion of their carbon stores (15 years for restored grassland compared to 48 years for natural grassland) (Fargione et al., 2008). Therefore, it is best to use of degraded and abandoned agricultural lands to grow native perennials for biofuel production because they would undergo the least reduction of organic/soil carbon.  
 
The ethanol industry is putting pressure on livestock production by attracting corn production into the biofuel industry and land resources away from wheat, soybeans and other crops into more corn (Auld, 2008; Klein and LeRoy, 2007). Between 2006 and 2007, the area in corn increased by 26% in Canada (Auld, 2008). This is reflected in feed grain price increases where corn is up 86%, soybeans are up 32%, oats are up 39%, barley is up 54%, and feed wheat is up by 59%. These mean higher production costs for beef, dairy, hogs and poultry (Klein and LeRoy, 2007). The livestock producers who will suffer the most are those without sufficient land to produce their own feed, (Auld, 2008; Klein and LeRoy, 2007). Feed represents more than 80% of the costs of production in a western Canadian beef feedlot and as much as 65 to 75% of the costs of hog and poultry production (Klein and LeRoy, 2007). 
 

Using some grain production for fuel instead of food or animal feed is not necessarily contributing to more starvation (Murphy, 2008). As illustrated above, many net-food importing countries could benefit from the stimulus to production by higher food prices. Also, human diets account for up to twice as many greenhouse emissions as driving (Trivedi, 2008). The shortage of livestock feed created by the ethanol industry will raise meat prices (Klein and LeRoy, 2007), higher prices could reduce meat and poultry consumption. With this supply-demand elasticity, consumer choices can have an impact on the overall carbon footprint of the human food chain. Hence, we can extend giving up the SUV and other ‘gas guzzlers’ to save a rain forest to giving up a steak (Trivedi, 2008).  
 
Figure 6 shows that the supply of the basic foods that ensure human survival are in dynamic equilibrium with both liquid biofuel and livestock production. Tradeoffs exist among all three terrestrial biofuels (grain and cellulosic ethanol, and biodiesel), as well as between both ruminant and non-ruminant farm animals. For the right side of the balance equation, land use demands by the GHG emissions from the major Canadian livestock industries have already been assessed (Vergé et al., 2007; 2008a,b,c).  
 
Figure 6 
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The role of trade policy 

 
Biofuels involve four areas of policy: energy, environment, agriculture and rural development (Murphy, 2008). Without policy integration among governing agencies, there is considerable potential for the creation of conflicting policies that cause confusion and uncertainty in commercial decision-making (TRS, 2008). Also, agricultural policies cannot be separated from biofuel trade policies in the developed countries (Kojima et al., 2007). Since the markets for commodities like corn, wheat, gasoline and ethanol are global (Klein and LeRoy, 2007), trade issues are part of the sustainability debate. 
 
Production costs of biofuels are much lower in developing countries because of warmer climate and low land and labour costs (Klein and LeRoy, 2007). However, restrictions to trade in biofuel producer subsidies that exist in most high income countries protect domestic production of biofuels (Kojima et al., 2007). Only about one-tenth of the biofuels produced and sold are internationally traded, and Brazil accounts for about half of the exports (Karman et al., 2008; Kojima et al., 2007; Murphy, 2008). The social welfare effects of producing and consuming biofuels would be enhanced if tariffs and non-tariff barriers to trade in biofuels were reduced or eliminated (Klein and LeRoy, 2007). The almost five cents a litre that Canada maintains on imported ethanol, with the exception of ethanol from NAFTA countries (Auld, 2008) contributes to this problem.  
 
Murphy (2008) has argued that existing trade rules are limiting and unhelpful for international biofuel trading, do not constrain income support to farmers and fail to moderate production (Murphy, 2008). Biofuel trade liberalization would increase competition, which should in turn help improve efficiency, bring down costs and prices, and enable the world’s most efficient producers to expand their market share (Kojima et al., 2007). However, bringing unused land in sub-Saharan Africa into biofuel feedstock production must deal with poor infrastructure, under-developed financial markets, and a hostile investment climate and often poor governance (Kojima et al., 2007).  
 
As global food and transportation fuel demands increase over the coming decades, there will be a growing need for a source of biofuels that does not inhibit food production (Sparling et al., 2007). Ecologically harmful biofuel production anywhere defeats the potential for global environmental gains from biofuels (Kojima et al., 2007). Therefore, importing countries need to be able to distinguish among biofuels on the basis of their relative energy efficiency, and on their sustainability (Murphy, 2008). However, this condition does not necessarily condemn grain-based ethanol for the reasons discussed above regarding food supply.  
 
The perceived market failure of ethanol (or need for subsidies) is because the environmental damage from burning gasoline is not taken into account the cost in fuel prices (Auld, 2008). Government intervention to make biofuel competitive with fossil fuels is reasonable policy option. The cost of a fuel that must be gown and processed in real time cannot be expected to compete with fuel that only needs to be pumped out the ground and only requires 20% of its energy value to be market ready. In the longer term, as gasoline prices rise in accordance with current projections, the need for a carbon tax or other market incentives will likely decrease as oil deposits become less available (Paustian et al., 2006).  
 
Because of the faster growth rates of tropical and sub-tropical crops compared to temperate climate crops, Brazil and possibly other tropical developing countries can produce biofuel with lower costs and GHG emissions than Canada or the US (Auld, 2008; Murphy, 2008; Peña, 2008). The cost advantage of producing ethanol in lower income countries along with the fuel blending mandates could be seen as an opportunity for increased international trade. (Klein and LeRoy, 2007; Murphy, 2008). In this case, rules governing international trade of biofuels will be needed (Peña, 2008). With these climate and labour advantages, feedstock production in the tropics may offer some genuine development opportunities, but the potential economic, social, and environmental costs cannot be ignored (Bailey, 2008).  
 
Links to biodiversity 

 
A sustainable biofuel industry must minimize risks to biodiversity as well as to our climate (Groom et al., 2008) and protect land with high biodiversity value and ecosystem services (Fritsche et al., 2008). Ecosystem services, such as clean water, clean air, maintenance of critical nutrient cycles, flood control, pest control, pollination of crops, compounds for new medicines, and seeds for new crops (SOE, 2003). Forests provide a wide range of environmental and ecological benefits (RFA, 2008). For example, they are crucial to natural habitat, they conserve soil and water, provide wood and non-wood products, can have key social functions, and are a huge carbon sink.  
 
Pressure to increase the use of woody biomass for biofuel production could lead to conversion of forests to tree plantations (with short-rotation tree species being most profitable for biofuel production, especially poplar (Populus spp.) and willows (Salix spp.) (Groom et al., 2008). Conversion of forest, peat, or grasslands to row crops, which is likely to occur in many southern hemisphere countries, can damage pre-existing habitats and ecosystems, soil, air, and water quality, and lower water availability (Peña, 2008). Tree energy crops may enhance biodiversity by offering habitat for some forms of wildlife if grown on land that is already cleared (Groom et al., 2008; Lee and Elsam, 2008).  
 
Importing biodiesel or palm oil from tropical countries threatens the rain forests in those countries (Klein and LeRoy, 2007). Land-use change in the palm-oil sector may have already resulted in between 3.1 and 4.6 billion tonnes of CO2 emissions (Bailey, 2008). Canadian farmers will experience nearly the same grain and oilseed price increases regardless of whether or not the Canadian biofuels industry gets underway (Klein and LeRoy, 2007), so there is little benefit in resisting a crop-based biodiesel industry in Canada. 
 
Biofuel feedstocks should be grown with environmentally safe and biodiversity-friendly agricultural practices (Groom et al., 2008). Biodiversity and agrobiodiversity do better when many varieties of crops, adequate crop rotations, and minimum agrochemicals are used (Fritsche et al., 2008). Poly-culture methods or multiyear rotations are more biodiversity-friendly than energy-intensive monocultures of annual crops (Groom et al., 2008).  
 
Because biofuel feedstock growth could threaten water regimes, or sensitive or protected areas if feedstock plantations are allowed to develop too close, buffer zones are needed (Lee and Elsam, 2008). As increasing amounts of land are used for feedstock production, there is increasing risk of encroachment into forest, grass, peat or wetlands, resulting in the loss of important habitats, which is the most important threat to biodiversity (Fritsche et al., 2008). Hence, locations of biofuel feedstock plantations need to be evaluated for when they are near or adjacent to sensitive environments. Every ecosystem/habitat must be evaluated on its own merits (Lee and Elsam, 2008). For example, in certain cases scrub forests can be as critical and threatened as dense rain forests. In the former case, there may be less carbon sequestration potential, but the same or more biodiversity at stake as the latter habitat. 
 
Harvest residues and soil health 

 
Considerable quantities of biomass waste exist in Canada, which could provide feedstock for second generation ethanol or biogas. They pose no direct risk to biodiversity because there is no chance that land use changes would be made specifically to acquire these waste materials and, hence, demand will not influence the supply. However, extraction of agricultural and forestry residues needs to reflect soil carbon and organic matter, soil nutrient flows and adequate ground cover to prevent wind and rainfall erosion (Fritsche et al., 2008; Hogan, 2008). Along with crop type choices and tillage practices, crop residue helps to preserve the soil habitat for the micro-organisms that are essential to agro-ecosystems and to the soil nutrient re-cycling that sustains crop production (Fox, 2007). Half to two-thirds of the stover in the field should be left to maintain a high level of protection (Paustian et al., 2006; Sparling et al., 2007). Bradley (2008) reported that approximately 128 Mt of manure is produced in Canada, of which 58 Mt, or 46%, is considered recoverable. This represents a biogas potential of 3.2 billion M3 pa, or heating value of 65 PJ per year.  
 
Coarse woody debris and litter is equally important to forest soils that are, otherwise, susceptible to loss of soil fauna, nutrient re-cycling, invasion by a variety of alien organisms and reduced porosity through compaction (Chapman and Kranabetter, 2002). Bradley (2008) separated forest waste biomass into two broad categories: mill residue (bark, sawdust and shavings primarily from pulp mill and sawmill operations), and forest residue (tops, branches and leaves from harvest and thinning operations that are left in the forest or at roadside after delimbing). Less than 3% of the available piles of bark in Canada are currently used for biomass energyand vast amounts of harvest slash from Mountain Pine Beetle harvest are available (Bradley, 2008). One possible benefit of forest waste is that the cost of gathering and transporting harvest residue and roadside slash will be lower than un-harvested wood on Crown land (Bradley, 2008), which could help to discourage the use of natural woodlands for energy biomass.  
 



 

Secondary land shift effects 

 
Feedstock production on agricultural land that would otherwise be used for food production and avoided land use from co-products require that GHG from the land that the food production was shifted must be included in the GHG inventory or lifecycle analyses (RFA, 2008). This secondarily affected land may also represent a loss of wildlife habitat and biodiversity, and must be an integral part of biodiversity conservation policies. Searchinger et al. (2008) described a positive (but destructive) feedback in converting cropland to biofuels. As more land is converted from food to biofuel production, food commodity prices rise, creating yet more demand for increasing production, and hence bringing more land into intensive cultivation. A wide range of crops is affected because the rising prices for biofuel crops put pressure on producers to seed more of the biofuel feedstock and less of other crops.  
 
The following example illustrates a secondary land use change impact: Crop A is increased for biofuel taking land away from crop B. While crop B was not, itself, a sink for carbon, continued demand for crop B (even at a lesser price than crop A) could drive it to displace crop C from land. Either crop B or C might be forced into land that has been a sink for carbon, but does not have the immediate economic value to keep it from being converted to cropland.  
 
Land in undisturbed ecosystems is not only being converted to biofuel production, similar undistrubed land is converted to crop production when existing agricultural land is diverted to biofuel production (Fargione et al., 2008). Brazilian rainforest and cattle encroachment is a case similar to indirect impacts from the secondary crops doing the actual encroachment, only in this case, 'crop B' is livestock (Lee and Elsam, 2008). This secondary effect is an important consideration in the biofuel-biodiversity interface.  
 
Biofuel standards 

 
In April 2008, McIntyre (2008) made a case for Canada’s need to establish a set of performance standards for sustainable biofuel production. Murphy (2008) has described the need for a clear multilateral framework that would make provisions for a biofuels sector that can provide livelihoods for small land holders and that does not jeopardize local food production. There is a clear need for a standard that can differentiate the good from the bad biofuel production systems (Denruyter and Máthé, 2008). Also in April 2008, The Renewable Transport Fuels Obligation (RTFO) in the UK elaborated five areas for sustainability principles: carbon storage, biodiversity conservation, soil conservation, sustainable water use, and air pollution (Karman et al., 2008). In fact during 2008, a range of organizations have come forward with their own principles and standards for a sustainable and acceptable biofuel industry. A brief review of these proposals is relevant to this analysis.  
 
OxFam's recommended that if poor countries opt for biofuel development they should ensure that renewable energy remains available to the poorest communities, protect the right to food and decent work, obtain consent from affected communities, maximize opportunities for small farmers (Bailey, 2008). BirdLife International has proposed six solutions (Lee and Elsam, 2008), but since they are all for GHG mitigation, rather than to biodiversity conservation, they are not listed here. WWF positions are that bioenergy ventures must deliver large positive energy and GHG balances over fossil fuels, select feedstocks on the basis of the most efficient GHG balance, address displacement (secondary) effects, poverty and the environment, not be established through the indiscriminate conversion of natural ecosystems, use the best management practices, take into account food security and the right to food, consider indigenous people’s rights, and governments must protect the small producers (Denruyter and Máthé, 2008).  
 
Murphy (2008) suggested that credible standards will need independent, third party verification, with mandatory regulations applied equally to domestic and foreign sources. The WWF will only support biofuel ventures that are environmentally, socially and economically sustainable (Denruyter and Máthé, 2008).  
 
The Roundtable on Sustainable Biofuels draft guidelines "Principles for sustainable biofuels" has suggested a set of 12 standards for sustainable biofuels (BG, 2008). Those that pertain to biodiversity are mostly embodied in # 7 “Conservation and Biodiversity”, but other items covering food security, farm livelihoods and water, also relate to biodiversity. The selected standards, 7a, 7b, 7c, 7d, 6a, 8 and 9 (the last two in general context), listed in Appendix A, should be given a central role in any biodiversity assessment protocol that is created for Canada. Some general comments on these standards are: 
 

• The identification and mapping of High Conservation Value (HCV) areas (# 7.a) can be easily achieved in Canada thanks to the joint agro-ecological mapping project carried out by AAFC-RB and EC (ESWG, 1995).  

• One of the most important Ecosystem Services (# 7.b) in need of protection currently is from wild or native insect (and other animal) pollinators. This involves ensuring adequate areas and diversity of wild flowers for forage and would be linked to the establishing of buffer zones. Other ecosystem services relevant to Canada were discussed above.  

• Setting up a Buffer Zone (BZ) between a feedstock production site and HCV areas (#7.c) would be straight forward to specify and monitor with most biomass production projects.   

• Identifying and protecting ecological corridors (# 7.d) would also be one of the easier practices to specify and monitor with biomass production projects, and would important for any that are going into idle or marginal land.  

• To achieve minimized negative impacts on food security and on lands used for livelihoods (# 6.a) cooperation between agricultural and conservation officials at all levels of government, during both policy development and implementation is needed. This should include protection of agro-biodiversity, which includes heritage crops, crop varieties and livestock.  

• Practices that seek to improve soil health and minimize degradation (# 8) are linked to protecting biodiversity during biomass feedstock growing operations where fertilizer and pest control inputs are involved.  

• Surface and groundwater resource use (# 9) is one of the standards that is closely linked to conserving biodiversity, mainly because of the high rates of consumptive water use involved in ethanol plants. Over extraction from the smaller water courses can be a threat to both aquatic and riparian ecosystems.  
 
Since Standards cannot by themselves ensure fair and sustainable production of biofuels (Murphy, 2008), the Canadian Environmental Assessment Act (CEAA) should be investigated as a way to implement these standards (McIntyre, 2008). Murphy (2008) pointed out that sustainability standards must also be regionally sensitive to the environment. For example, how water is used should reflect water availability. This suggestion is relevant to biofuel production in Canada because of the extensive nature of the land base that may be suitable for cellulosic ethanol. 
 
Environmental Impacts and Lifecycles  

 
To ensure that biofuel feedstocks are sustainable, leave a small ecological footprint, preserve native habitats and essential food crops, and are carbon-neutral, new biofuel ventures should be assessed (Groom et al., 2008; McIntyre, 2008). The impact assessment process will meet these sustainability criteria. It should also be compatible with the CEAA since the fuel blending mandates under Bill C-33 involve federal policy decisions. The process envisioned in this analysis focuses on the impact of biofuel production on biodiversity. Addressing GHG emissions is not included mainly because of the assortment of analytical tools for inventorying these emissions quantitatively that already exists. There is no suggestion here that GHG emission inventories are not needed. Instead, the GHG emission budgets and carbon lifecycle for new biofuel ventures, as specified by Denruyter and Máthé (2008) and by Groom et al. (2008), should be determined beforehand. The best role for a biodiversity impacts assessment procedure is to be applied as a final appraisal before the biofuel venture is sanctioned.  
 
A conceptualized environmental assessment is portrayed in Figure 7. Environmental assessments are done on project plans, new ventures, or initiatives, so the process begins with a project definition, shown in the box at the centre of the environmental impact diagram (Figure 7). The assessment process requires that the project be described by its activities, shown by the boxes surrounding and linked to the centre box. The effects of the project activities are shown in ovals, joined by lines to each activity that might be the cause or source of each effect. This process is generic to both first and second generation biofuels, although it is slanted more towards plantations than to extractions from natural ecosystems. Because environmental assessment is anticipatory of a project, relevant predictions of land-use change due to the planned biofuel venture should be the goal (Peña, 2008). Making these predictions will require representative environmental data (McIntyre, 2008).  
 
Figure 7 
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To ensure that biomass feedstock is produced responsibly, both environmental and socio-economic impacts should be taken into consideration (Paustian et al., 2006). Some of the environmental and economic aspects of the lifecycle of biofuel production were defined by McIntyre (2008) as the growth of the plant or source of waste materials, transport to the processing plant, the refining process itself (including by-products), the wastes produced, distribution of the resultant product to consumers, the end use, and the potential for pollution. In the lifecycle approach, emphasis is on the sequence of events and causal links with less distinction between the project and the impacted environment (as in Figure 7).  
 
To determine the type of land on which a feedstock production venture is sited, robust criteria that define appropriate idle and marginal land will be needed (RFA, 2008). Marginal land includes land unsuited for food production, such as those with poor soils or harsh weather environments (RFA, 2008). Degraded land includes land that was formerly suitable, but that has been turned into unsuitable land by a degradation process such as deforestation or overly intensive farming (Fritsche et al., 2008; RFA, 2008). Idle land is not currently used for food production, but is generally considered potentially suitable for agricultural production, whether or not is was previously in agricultural use (RFA, 2008). Marginal or degraded land indicates land of lower quality with more challenging growing conditions. 
 
The term ‘ecological footprint’ is used here to describe just the biodiversity impacts. Although the ecological footprint is differentiated from the carbon footprint, these terms converge when soil carbon storage is involved. Nonetheless, in keeping with the goal of this analysis, the following set of risk factor descriptions is intended to be a checklist to assist in carrying out an assessment of only the impacts from biofuel feedstock projects on biodiversity.  
 

1) Since biofuels that cause the secondary land use changes discussed above will lead to biodiversity losses, as well as generate GHG emissions (Fargione et al., 2008; RFA, 2008; Searchinger et al., 2008), secondary land-use change must be accepted as part of the lifecycle and included in the assessment process. Accounting for the sacrifice of carbon storage from secondarily affected sites could be factored into some of the quantitative GHG budget models cited above, but the secondary impact on biodiversity through changes in land use will require development of new protocols for this purpose.  
2) As well as the environmental and ecological consequences of biofuels, social and economic impacts for land use must in turn be assessed (McIntyre, 2008). These include respect of traditional rights to land and resource use, avoiding contribution to poverty, and allowing participation of potentially-affected communities (Denruyter and Máthé, 2008). 
3) Assessments must address the global, regional and local impacts (McIntyre, 2008; TRS, 2008). Imported biofuels or biofuel feedstocks must meet Canadian criteria for sustainability (Klein and LeRoy, 2007; Kojima et al., 2007; Murphy, 2008). Social and economic impacts are most important with regard to the source countries (RFA, 2008). 
4) Plants can be bred for biofuel production, by increasing their carbon to nitrogen ratios, yields, starch or oil content, cell wall lignocellulose and traits enabling that plant to be cultivated on marginal land (TRS, 2008). Whether they are created by conventional plant breeding or genetic engineering, the risk of new crops becoming invasive must be assessed.  
5) Any risks of invasive species that might be imported or associated with biomass crops should be assessed (Fritsche et al., 2008). 
6) Soil quality must be managed sustainably (Denruyter and Máthé, 2008; Kojima et al., 2007; RFA, 2008), taking account of the soil factors described above, but in particular, allowing for adequate crop residue or logging trash.  
7) Expansion of agricultural lands for biofuels into sensitive and less-developed areas would decrease the availability of habitats suitable for many species (Denruyter and Máthé, 2008; Groom et al., 2008).  
8) Expansion of agricultural lands for biofuels in close proximity to, as well as into, sensitive areas may lead to habitat fragmentation and isolation, which is also a threat to biodiversity (Fritsche et al., 2008) 
9) Habitat loss due to intensification of land use and over-exploitation of biomass resources must be avoided (Fritsche et al., 2008; Kojima et al., 2007; RFA, 2008).  
10) Pressure to increase the use of woody biomass for biofuel production could lead to conversion of forests to tree plantations (Groom et al., 2008). 
11) Continuous annual crops for grain ethanol or biodiesel can result in increased soil degradation and erosion, due to excess tilling, agrochemicals and irrigation, and heavy farm equipment, whereas perennial crops reduce erosion by creating year-round soil cover (Fritsche et al., 2008; Klein and LeRoy, 2007).  
12) High fertilizer and pesticide inputs such as with corn cause ground water and runoff polluation (Groom et al., 2008). Farmers may, in some cases, use more fertilizers and chemicals in their attempts to increase yields in response to the much higher prices for cereals and oilseeds (Klein and LeRoy, 2007).  
13) More fertilizers and chemicals will be used to increase yields in response to higher prices for cereals and oilseeds (Klein and LeRoy, 2007). Commercial nitrogen fertilizer also requires fossil energy to manufacture (Dyer and Desjardins, 2007) and is a source of nitrous oxide emissions (Vergé et al., 2007; 2008a,b,c), the most important GHG associated with agriculture. Options for minimizing commercial fertilizer, such as using nitrogen-fixing crops or manure, should be considered.  
14) Water demand during processing, is about 4 to 8 litres of water to make 1 litre of ethanol (Klein and LeRoy, 2007), which would be a threat to ground water reserves, particularly in the Prairies (Klein and LeRoy, 2007; Kojima et al., 2007). Water inputs must stay within the available surplus in natural flows, and must treat and re-use wastewater (Denruyter and Máthé, 2008; Fritsche et al., 2008; RFA, 2008).  



 

15) A set of water dimensions of bio-economy products was put forward by McIntyre (2008) which are a useful addition to this checklist: 
1. How much water and land might be required to grow different kinds of biomass in different regions? 
2. Where is water availability likely to be a limiting factor? 
3. What are the possible, known, or likely water quality effects associated with increases in production and biomass conversion? 
4. What promising agricultural and industrial practices and technologies might help reduce water use or minimize water pollution associated with biomass production? 
5. What are the water requirements of existing and proposed production plants, and what water quality problems may be associated with them? 

 
Recommendations 

 
In the previous section the intent was to assess and anticipate how a biofuel project could cause undesirable impacts. Because, as the Gallagher Review (RFA, 2008) states and this analysis concludes, there is a future for a sustainable biofuels industry (particularly liquid fuels), and that is also unavoidable, it is now time to examine some key decisions that can make biofuel projects sustainable. The resulting recommendations include: 
 
The sustainable standards for biofuels recommended by the Roundtable on Sustainable Biofuels (BG, 2008) that pertain to biodiversity should be embraced in Canada.  
 
The impact assessment process just described, or a similar process, should be part of the planning process for any new biofuel ventures, or for any support given to on-going biofuel ventures. 
 
To evaluate areas where biofuel ventures might be located, some form of GIS spatial analysis system is needed which can identify and quantify growing potential, land cover and land use (Fritsche et al., 2008; McIntyre, 2008). Identification of land that should not be cultivated, as well as land of particular promise for restoration projects that could include a biofuel-cropping component, is also needed (Groom et al., 2008). As with the recently recommended sustainable biofuel standards (BG, 2008), the agro-ecological database for Canada (ESWG, 1995) can provide much of this information.  
 
Any biomass extraction for cellulosic feedstock from natural habitats must be carefully regulated to protect or enhance biodiversity (Fritsche et al., 2008). Furthermore, such extractions must be a last resort, after using the various other sources of waste biomass described above.  
 
Interactions between biofuel policies and the wide array of existing farm income support policies that can affect land use need to be assessed (Peña, 2008).  
 
Subsidies should approximate or reflect the impacts associated with environment and energy security and maximize public welfare (Kojima et al., 2007). Sustainability standards should also be extended beyond biofuels to all agricultural production (RFA, 2008).  
 
Biofuels of all types should not be considered unsustainable if they fail to compete with fossil fuels without government support. Whereas fossil fuels are relatively cheap to pump out of the ground, their real, full cost is deferred for future generations to pay when they must deal with global warming (Auld, 2008; Paustian et al., 2006).  
 
Cellulose and algae based (second generation) biofuels are five to 10 years away from commercial production (Groom et al., 2008; Peña, 2008), and biodiesel made from vegetable oil is still not a viable enterprise in Canada (Bradley, 2008; Dessureault, 2007). For the foreseeable future, therefore, biofuel means grain ethanol. The finding of this analysis is that this type of biofuel is sustainable if recently published production standards are met, both from a carbon balance and ecological perspective. This finding depends on the contribution of co-products, particularly livestock feed, which can offset some of the secondary land use changes.  
 
Continued research and development support for commercial production of cellulosic ethanol should be supported.  
 
Any strategy to reduce GHG emissions that causes land conversion from native ecosystems to cropland is likely to be counterproductive for both the carbon and ecological footprint (Fargione et al., 2008).  
 
The effects of secondary land use changes (discussed above) on locations that are remote from the biofuel project sites emerged as one of the major risk factors in this analysis. To address both the sustainable land use and control of secondary land use effects, a “sustainable grazing” protocol might be in order. This protocol would reward the producers that use sustainable stocking rates, avoid land clearing, and preserve native forage mixes, but mostly, it would discourage beef herds from being pushed onto marginal lands that can’t sustain significant grazing pressure.  
 
Diverse mixtures of native grassland perennials growing on degraded soils, particularly with both warm season grasses and legumes, can achieve yields competitive with biomass monocultures, provide high carbon storage in degraded soils, and offer wildlife benefits (Fargione et al., 2008).   
 
Areas that have HCV and are of importance for the protection of biodiversity, but that are currently not designated as protected areas, need to be evaluated and given some consideration for extra protection (Fritsche et al., 2008).  
 
Cultivation systems for degraded land need research into both agronomic and socio-economic issues (Fritsche et al., 2008), although they are acceptable sites for growing biomass feedstock.  
 
Canada has large areas of sub-prime arable land (not well suited to field crops), but that are not HCV habitat, that could support biomass feedstock.  
 
To enhance rural development and agricultural incomes, producers in Brazil are required to purchase a portion of their feedstock from small family farms (Karman et al., 2008). A similar consideration may be applicable to Canadian feedstock growers to achieve the desirable regional equalization that was identified by Klein and LeRoy (2007). 
 
The way forward – final comments 

 
The focus of this analysis has been on the potential impacts of biofuel production on biodiversity. While this focus is essential, and arguably overdue, it cannot be taken in isolation. First and foremost, there must be allowance for the role that biofuels can play in mitigating fossil CO2 emissions, with the main preoccupation being to ensure that the bio/fossil carbon ration is always greater than one – this issue alone requires careful case-by-case assessment.  



 

 
The main tool in dealing with these impacts on biodiversity will be a process patterned after traditional environmental impact assessment (EIA), combined with the more recent process of lifecycle assessment (LCA). The former, EIA, has appeal for two reasons: first is that being more qualitative, it is more flexible and can be implemented with a tool as simple as a checklist of potential environmental effects; the second is that it can accommodate the very recently evolved sustainability standards for biofuels described above. The latter, LCA, approach is more suitable for the carbon balance question and linked to the extensive efforts underway to define sector- and commodity-specific GHG budgets. It is through a checklist, however, that many of the environmental issues discussed above, including water reserves, soil quality, chemical inputs, invasive species, ecosystem services and others (see checklist), can be given at least some initial consideration for their impact on biodiversity.  
 
One of the main recurring issues is that of how biofuels impact our food system. The interface between food production and biodiversity, as it is driven by the growth of the biofuel industries, is the most complex feature of the biofuel debate. Food supply is an emotionally charged debate with a wide range of international players. Some clarity can be achieved by limiting the discussion to terrestrial food supply (agriculture) and from there, acknowledging that the concern is about land use.  
 
Certainly, a complicating factor is that there are several different types of biofuels. Whereas it is helpful to classify them into two (or three) generations, this line of thinking soon reaches its useful limits. From a terrestrial perspective, we are better served by separating biofuel systems into feedstocks that require the seed portion of the plant (grains and oilseeds) from feedstocks derived from the whole plant – grain ethanol and biodiesel on the one hand and cellulosic ethanol on the other.  
 
There are two relevant aspects of land. First, for this debate, there are three types of land: farmland, wilderness habitat (the so-called HCV land) and degraded or marginal land (that is land that is of low value for either habitat or food production). While grain ethanol and biodiesel feedstocks compete directly with agriculture for the best farmland, cellulosic feedstock can utilize degraded or marginal land, and unfortunately, forest as well. The main objective of the biodiversity impact assessment process will be to identify risks to HCV, or biodiverse habitats, with the added function of putting forward some mitigation measures.  
 
From the perspective of biodiversity, the biggest “sleeper” issue is the phenomenon of secondary shifts in land use. It is hard to overstate the challenge this element represents. To a large extent quantifying these secondary pressures will likely involve commodity prices, which are highly variable, volatile, speculative and difficult to predict. We should not count too heavily on quantitative predictive models. It is perhaps worthwhile to start investigating potential methodologies based on maintaining required quantities of foods, livestock feeds (both grains and roughage) and biofuel feedstocks, and engage in a more contingency (scenario analysis) approach.  
 
While this analysis has described many of the attributes and drawbacks of the different biofuels, the temptation to recommend one biofuel over another has been avoided. For the most part, such choices are beyond the control of policy makers in Canada. As long as the US government sees biofuels as a means of energy security, the pressure from the US biofuel industries on commodity prices in Canada (or elsewhere) will be unavoidable. Even if such avoidance was practical, such a policy would only be a case of deferring an inevitable decision – how should Canada deal with bio-fossil fuel blends coming from developing countries. While avoidance may, in the short term, preserve HCV or biodiverse habitats in this country, the longer term broader implication is that we will have shifted those potential impacts to other source countries whose biofuel production systems we cannot control. Conversely, biofuel industries should not be denied to developing countries since there is much to suggest that the biofuel market can enhance, as much as damage, agriculture in these countries.  
 
Another distinction between grain and oilseed based biofuel and cellulosic biofuel is the timing. Whereas the latter (second generation) options are more efficient and offer a higher bio/fossil carbon ratio, they are also possibly as much as a decade away from commercial production. The former, first generation, options are already here on a commercial scale. Furthermore, as this analysis has found, the expert consensus judgment on them is far from being totally negative. Hence, the big questions remain - how do we regulate them to ensure they are produced sustainably, rather than how we can stop them.  
 
It is for the second generation options that a number of sources cited here have advocated exploiting marginal and degraded land as feedstock production areas. Although the massive pressure that we can probably expect with the cellulose-to-ethanol process is years away, to some extent a biofuel industry from fibre already exists. The growing use of biomass as a solid heating fuel appears to provide us with a working, smaller scale, model from which some of the future land use pressures can be identified. This challenge appears to be relatively straight forward, however, involving the establishment of criteria for the sustainable harvest rates for trash cuttings, litter, as well as crop residues, that allow soils to regenerate after a harvest. Algal biofuels deserve a mention, as they offer an exciting promise, but not enough is known about their attributes, risks or implications for terrestrial biodiversity to attempt a meaningful assessment at present. But equally important is not to jump on this technology as a panacea solution.  
 
The final comment here addresses the morale questions around biofuel. The most valuable lesson from the biofuel industry is that it forces us to start the discussion about the levels of consumption that underpin our western lifestyle. There were several references by experts to the SUV verses food. It is to this end that a portion of this analysis focused on the choices that our transport systems face. While electric drive transport appears to finally be getting its day, a world without some reliance on the internal combustion engine is probably unlikely in the foreseeable future. That does not mean that greater pursuit of energy conservation and efficiency are not essential. They are also not incompatible with liquid biofuel.  
 
The less obvious, but bigger, pressure on global food supply is the western high protein diet. For example, by far the greatest share of North American corn production goes to livestock feed. Not only does this suggest a consumption issue comparable to our addiction to fossil fuels, it complicates most of the land use effects identified in this analysis, particularly the secondary effects because ruminant livestock also use marginal land, and they are a source of enteric methane. Hence, neither biofuels, nor their impacts on biodiversity can be viewed in isolation from other land use issues.  
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