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An HSUS Report: The Implications of
Farm Animal-Based Bioenergy Production
Abstract
As the current and potential impacts of climate change become more evident and increasingly urgent, entities
such as governments, corporations, and non-governmental organizations (NGOs) are seeking out non-fossil fuelbased sources of energy to mitigate those effects. In addition, many governments are investigating ways to
promote their own domestic energy sources as a result of rising oil prices. Bioenergy—made from recently
living organic matter, such as plants, agricultural waste and crop residue, meat processing wastes, or farmed
animals’ fats and manure—has quickly become one of the fastest growing, and controversial, alternative energy
sources. Globally, production of biofuels, generally used for transport, only accounts for 1% of total fuel
production, but that percentage may rise as the costs of petroleum-based fuels increase, encouraging greater
numbers of countries to increase biofuel production. While corn and sugarcane are well-recognized sources of
biofuels, agribusiness is also using less well-known sources, including manure and fats from animals raised on
factory farms, as well as litter from these production facilities, to generate energy. The industrial animal
agriculture sector, however, typically ignores the environmental, social, animal welfare, and public health costs
of its inputs and practices, and bioenergy production from factory farm-based biofuels will exacerbate the
problems inherent in industrial animal agriculture.
Introduction
Bioenergy refers to any type of energy created from recently living organic matter (biomass, biological material
from plants and animals) and can be gaseous (biogas) or liquid (biofuel) in form. Unlike fossil fuels such as coal
and petroleum, of which there are finite supplies, bioenergy is considered a renewable source of energy as it can
be grown or harvested from plants and other organic material, such as manure and farmed animal carcasses,
rather than mined or extracted from the Earth.1
Biomass can be used to produce fuel for transportation, heat, and electricity.2 This non-fossil fuel-based energy
source has been used for centuries in a variety of ways, such as the wood used in fireplaces for heating homes
and the animal dung burned by rural Africans for cooking family meals.3 Producing energy from organic matter
typically involves the direct burning of plants, wood, oils, and fats; the manufacture of liquid fuel sources,* such
as ethanol or biodiesel;4 or the use of biogas created through anaerobic digestion or fermentation from animal
manure.5
Biofuels are liquid fuel or energy sources usually derived from corn, palm trees, soybeans, sugarcane,
switchgrass, and other plant matter,6 as well as from farmed animal products.
World production of biofuels rose an estimated 20% in 2007, with an estimated 54 billion L (14.3 billion gal).7
Interest—and investment—in biofuels have grown partly due to their purported environmental benefits and
confidence that adequate supply will ensure home-grown energy security. As a result, Brazil, China, the United
States, and several other countries are investing in the construction of new biofuel plants.8 The two most well*

Biodiesel is fuel made from plant oils that can be used in diesel engines. Ethanol is an ethyl alcohol-based fuel made
mostly from grains. Cellulosic ethanol is chemically identical to ethanol, but is made from grasses, wood, and the nonedible parts of plants.
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known biofuels for transportation are ethanol and biodiesel.9 Ethanol replaces or can be added to gasoline, while
biodiesel supplements or replaces petroleum-based diesel fuel.10
Ethanol is the most prevalent and fastest-growing biofuel, with global production currently over 45 billion L (12
billion gal) annually.11 Made from sugar or starch crops,12 including corn, ethanol is typically mixed with
gasoline or other petroleum-based fuels.13,14 The majority of ethanol produced is used for fueling cars, trucks,
and other vehicles.15Currently, the United States is the largest producer of ethanol and, along with Brazil,
produces 95% of the world’s ethanol supply.16 By the end of 2008, the United States was expected to have
doubled† its production capacity from 2006.17 In Brazil, half of the sugarcane crop provides 40% of that nation’s
fuel for transport.18
The production of biodiesel, which is made from vegetable oils and/or animal fats, has grown more than 80%
since the 1990s, with supply now exceeding 6 billion L (1.6 billion gal) annually.19 Soybean oil has been widely
used as a source of biodiesel, but other vegetable oils can be used as well.20 In Europe, particularly in Germany,
rapeseed is the primary feedstock for biodiesel.21 The fat from chickens and other farmed animals are also
increasingly being used as biodiesel sources,22,23 which introduces a number of significant yet presently
unaddressed concerns.
Indeed, like any agricultural product, biofuels can be produced in many different ways—including the use of byproducts from animal agriculture, such as the methane emissions from manure decomposition, as well as fats
and oils from farmed animals. Though, at present, the production and market for these products are relatively
small compared to plant-based biofuels, demand is growing as interest in alternative fuels increases.
Biogas and Anaerobic Digesters
During anaerobic digestion (a decomposition process that breaks down manure without oxygen), methane is
released24,25 which can then be collected for fuel, often referred to as biogas.
In the developing world, biogas projects can help small farmers with reduced fuel costs, a financial benefit of
growing importance as the price of both fuel and food rises. Biogas has long been used on a small scale on pig
farms in countries such as China, India, the Philippines, and Taiwan, as well as in parts of Latin America. In the
Philippines’ Pampanga province, for example, demonstration projects initiated by Dublin-based EcoSecurities, a
company that develops greenhouse gas (GHG) reduction programs worldwide, are helping pig farmers not only
capture methane for on-farm use, but also treat effluent so it is safe for irrigation of crops.26 For families raising
pigs or cattle on a small scale, primarily for personal consumption, biogas can provide a cheap source of energy
for cooking food.27 Manure can be collected and deposited into a small, air-tight pit, which is connected to a
pipe that runs into the home. As the manure decomposes, it releases methane and carbon dioxide, which can be
ignited for cooking and heating.28,29
Small-scale and medium-sized farmed animal production operations in both developing and developed countries
may find environmental and economic advantages, such as additional revenue garnered through reduced on-site
energy costs or selling bioenergy to clients, as well as better odor control, by installing digesters.
Concerns with Large-Scale Digester Systems
Scaling up these systems at factory farms, however, may encourage further industrialization of operations that
typically ignore animal welfare‡ and the treatment of workers,§ as large-scale production facilities generate and
thereby could profit from massive quantities of manure as a source of fuel.
†

As of this report’s publication, statistics for U.S. production capacity in 2008 were unavailable.
For more information, see www.hsus.org/farm/resources/research/.
§
For more information, see “Blood, Sweat, and Fear: Workers’ Rights in U.S. Meat and Poultry Plants,” published by
Human Rights Watch, at www.hrw.org/en/node/11869/section/1.
‡
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Aided by the World Bank and the U.S. Environmental Protection Agency (EPA), larger projects are in
development in Southeast Asia, estimated to prevent annual methane emissions of 5,000 tons of CO2-equivalent
per 20,000 pigs.30 Storing and utilizing manure from medium- and large-scale biogas systems, according to the
EPA, is better for the environment than conventional storage tank, storage pond, or manure lagoon systems, and
additional purported benefits are better odor control, improved water and air quality, and the “opportunity” to
capture biogas and reduce GHG emissions.31 The conventional liquid and slurry manure storage systems on
some industrial farmed animal production facilities emit large amounts of methane, a GHG with 21 times the
global warming potential (GWP) of carbon dioxide. As discussed above, digesters recover and combust methane
either to be used for fuel or to operate machinery on site or to be sold to public utilities that then sell that energy
to customers.32
The EPA estimates that anaerobic digestion systems are feasible at approximately 7,000 dairy and pig
production operations.33 Currently, digesters provide renewable energy to power more than 20,000 average U.S.
homes, reducing annual methane emissions by about 1.5 million tonnes of CO2-equivalent.34 Many of these
systems, however, are supported by state government grants or subsidies35,36 and may only be profitable at
industrial animal production operations.
Installing anaerobic digesters can require significant investment depending on the type of system used.
Typically, large digesters are designed to handle a great deal of manure and work best on industrial factory
farms that have “stable year-round manure production” and the infrastructure in place necessary to collect at
least half of that manure every day.37 However, the proliferation of anaerobic digestion systems at large-scale
animal production facilities represents a potentially disastrous trend for small- and medium-sized farms that
wish to control their GHGs but are unable to compete with the larger operations for government funding.38
Of significance is that anaerobic digestion—whether on a small-scale farm or a large industrial facility—does
not make manure disappear. In the United States, confined farmed animals produce 500 million tons of manure
per year,39 and that waste—whether or not used in bioenergy production—must still be stored or used as
fertilizer. On farms raising both plants and animals, manure is typically a very efficient and available source of
nutrients for crops, often eliminating the need for any artificial fertilizers. However, on factory farms, the huge
quantity of waste produced makes it nearly impossible for the manure to be utilized as fertilizer on nearby
cropland, a problem made worse by beef, chicken, egg, and dairy operations increasingly sited far from where
crops are grown. The government funding to support anaerobic digestion systems on industrial animal
agriculture operations has been criticized by environmental and sustainable farming advocates, such as Food
First and Food and Water Watch,40 as rewarding the companies culpable of generating the most manure in
inherently unsustainable and inhumane ways. Additionally, some environmental organizations have cautioned
about the use of manure and fat from farmed animals raised on industrial operations, citing concerns about the
pollution from factory farms.41 Indeed, given the problems associated with industrial animal agriculture, it is
unlikely that using the factory-farm waste will be viewed as a green energy source.
Concerns with Burning Farmed Animal Waste
Factory farms are also beginning to generate energy by burning manure, fat, skin, feathers, and even carcasses
of farmed animals. In the United Kingdom, three plants owned by the energy company Fibrowatt are using
poultry litter, including excreta, feathers, spilled feed, substrate, soil, and dead birds,42 to provide electricity for
150,000 homes. These plants transport litter from farms and combust the waste at 815°C (1500°F) to heat water
and create steam that drives a turbine and generator to produce electricity. Fibrowatt’s technology, reports the
company, “has been operating safely and reliably” since the 1990s at its plants in the United Kingdom and has
“converted more than three million tons of poultry litter to electricity.”43
In 2007, the same technology was introduced in the United States when Fibrowatt44 began building a 50megawatt poultry litter-fired power plant in Benson, Minnesota.45 The company reports that its plant will help
reduce GHGs in the state, at a GHG-savings equivalent of taking 500,000 cars off the road.46 As reported in the
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International Herald Tribune, however, some environmental advocates claim that the power plant releases toxic
chemicals into the air, diminishing any green aspects of its product or bioenergy process. Indeed, one of the
plant’s permits issued by the state for emissions reportedly states that the “plant is a major source of particulate
matter, sulfur dioxide, carbon monoxide, nitrogen oxides and hydrogen sulfide.” Additionally, the electricity
produced by the plant is more expensive than energy produced by coal-fired power plants, and a substantial
amount of turkey excrement and litter is needed to produce a relatively small amount of electricity. Reportedly,
approximately 500,000 tons of waste from turkeys produces enough electricity for only a few small rural
communities a year.47 As well, conversion of turkeys’ excrement into a biofuel requires the use of fossil fuels
that emit GHGs, possibly eliminating any of the environmental benefit of using waste for fuel.
A state legislative mandate requiring Xcel Energy, Minnesota’s primary utility, to either construct or contract
with a wind or biomass plant in order to expand the state’s energy sources was the primary impetus behind the
development of the turkey litter plant.48,49 As a result, Xcel entered into a 21-year agreement with Fibrowatt,
stipulating that Xcel would buy power from the poultry litter-fired power plant at twice the price of electricity
generated by fossil fuels.50 While this agreement could reduce reliance on fossil fuels for energy over time, it
could also encourage industrial turkey operations to become even bigger to ensure greater quantities of litter to
supply the bioenergy plant.
Fibrowatt is also building a $200-million plant that will use poultry litter to generate energy in Sampson County,
North Carolina. Construction is expected to be completed by 2011. Reportedly, the county is giving Fibrowatt a
$2.5-million ten-year tax-incentive package, as well as “assistance with infrastructure improvements, including
water and sewer services.”51
Manure can also be combined with fats from both animals and plants to make biodiesel, which can be used to
power vehicles. While a small number of environmentally minded drivers have been fueling their cars with old
vegetable oil from restaurants for years, the availability of biodiesel and its use are still not widespread, and
using animal fats for diesel fuel has been even less common. That is changing, however, as higher prices for
vegetable oils are making unused fat from chicken processing operations a financially attractive alternative for
some investors. In 2007, the cost of fat from chickens was about half as much as soybean oil. Vernon Eidman, a
biofuels expert at the University of Minnesota, reportedly estimates that by 2012, the United States will produce
nearly 4 billion L (1 billion gal) of biodiesel, with half coming from animal fat.52
To produce biodiesel, fat from chickens is refined—melted and strained—and then typically mixed with
soybean oil for use as fuel for vehicles and machinery.53 The free fatty acids in the fat of chickens, however, can
raise problems in biodiesel production; these acids can form soaps as a byproduct, which can make it harder to
produce a large biodiesel yield since they can clog machinery. Research at the University of Arkansas has found
that fat with lower fatty acid content (higher quality fat) works better than fat with higher fatty acid content
(lower quality fat).54 The higher-quality fat, however, tends to be more expensive.55,56
The Arkansas researchers have found that by using the supercritical methanol treatment process—a process that
uses high temperatures and pressure to create a reaction—the fatty acid dilemma can be resolved and the
creation of soaps common in conventional refinery systems that rely on a catalyst to process fat from chickens
can be eliminated. This process has the potential to make the production of biodiesel from animal fats less
costly, while also reducing production time.57 Nevertheless, concerns about the treatment of farmed animals, the
environmental implications of large-scale animal agriculture, and the possible incentives to further industrialize
factory farming remain unaddressed.
Cellulosic ethanol, made from the cellulose, or the non-edible parts, of plants, can be made from a variety of
non-food crops, including switchgrass and other woody plants, municipal landfill waste, agricultural residues,
and farmed animal manure and litter. These products can be refined or gasified and turned into synthesis gas to
produce ethanol fuel.58 Much less fossil fuel energy may be needed to extract fuel from corn, though, than from
switchgrass or wood because there are more energy-rich starches and sugars in corn compared to grass or
sawdust and it takes additional treatments to release energy from cellulose.59
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Corn-based biofuel production in the United States may also counter the billions of dollars of annual feed
subsidies supporting industrial animal agriculture. According to a 2008 report by the Food and Agricultural
Policy Research Institute (FAPRI), one result of the demand for grain for biofuel production has been “higher
prices for corn, soybean meal and hay [that] have increased feed costs for all livestock producers.”60 The decline
in factory-farmed meat production and consumption as a consequence of increased feed costs would be expected
to have a range of environmental and public health benefits.61
Despite some of the potential environmental advantages of different kinds of biofuels, these technologies can
allow large-scale, industrial farmed animal production operators to profit from the huge amounts of waste they
create—millions of tons of litter and excrement. Bioenergy production from farmed animal waste has the
potential to perpetuate the environmental problems** created by massive quantities of manure, while giving
animal agribusiness the opportunity to greenwash its unsustainable and welfare-unfriendly practices. These
farmed animal-based biofuels are not currently reducing consumption of fossil fuel because both biodiesel and
the construction and operation of anaerobic digesters require electricity use from burning coal or petroleum. In
addition, unlike the waste created on smaller, more environmentally sustainable farms raising both crops and
animals, where manure and urine can be utilized effectively for fertilizer, factory-farm waste is produced in
extremely large quantities, making it all but impossible to use on farmland. Furthermore, the manure excreted by
animals in factory farms often has a range of toxins including antibiotic-resistant residue62 and endocrinedisrupting chemicals.63,64 These and other pollutants not only impair environmental integrity; they negatively
impact communities surrounding industrial production facilities.††
Carbon Offsets
Carbon credits were established by the Kyoto Protocol as a way to enable companies and governments to
“offset” the carbon dioxide and other GHGs they create by establishing projects that reduce emissions, which
they can trade in the marketplace. These credits, or offsets, are allowances that represent a quantity of carbon
dioxide or other greenhouse gases measured in tonnes of CO2-equivalent.
Established within the Kyoto Protocol, the Clean Development Mechanism (CDM) is a grant-making or funding
mechanism financed by the international community to subsidize offsets and ensure that projects 1) actually
reduce emissions and 2) are “additional” activities that would not have otherwise been undertaken.65 A coalfired power plant that finds it difficult to reduce its own emissions, for example, can buy credits to support new
emissions-reducing projects elsewhere, such as wind farms or reforestation projects, particularly in developing
countries.
The American Electric Power Company (AEP), an Ohio-based utility, is one such corporation engaging in
carbon offsets. AEP releases approximately 145 million tonnes‡‡ of carbon dioxide each year, more than any
other company in the United States, according to a 2007 Wall Street Journal article.66 Instead of implementing
CO2 control strategies at its own operation, the company has elected to offset its emissions from burning coal by
partnering with the farmed animal industry and paying for the installation of lagoon covers at factory farms to
reduce their methane emissions.67
Farmed animal production operations can also benefit directly by earning carbon credits upon installing
anaerobic digesters. According to an October 2007 press release from Western United Dairymen, a California
dairy producer organization, “[f]arms with digesters or lagoon covers not only generate revenue from carbon
**

For more information, see “An HSUS Report: The Impact of Industrialized Animal Agriculture on the Environment” at
www.hsus.org/farm/resources/research/enviro/industrial_animal_ag_environment.html.
††
For more information, see “Factory Farming in America: The True Cost of Animal Agribusiness for Rural Communities,
Public Health, Families, Farmers, the Environment, and Animals” at
www.hsus.org/farm/resources/research/enviro/factory_farming_in_america.html.
‡‡
One tonne is one metric ton, or 1,000 kg (approximately 2,205 lb).
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credits, but also have the potential to save money from using methane gas to generate electricity.”68 In fact,
animal agribusiness corporations in several developing countries have already initiated projects under the CDM.
In the Yucatán region of Mexico, for example, Grupo Porcícola Mexicano, a pig producer,69 is installing
anaerobic digesters under the CDM to control methane production.70 In Brazil, one of the country’s confined pig
production operations developed a project under the CDM to install anaerobic digesters and generate electricity
from methane.71 However, as discussed above, factory farms, whether they install digesters or not, continue to
produce large amounts of manure and other wastes. Furthermore, in Brazil and other parts of South America,
tropical rainforest and grasslands are being destroyed for both the construction of factory farms and slaughter
plants and for soy production for farmed animal feed.72
Unlike carbon offsets, which are enforceable under the CDM, Voluntary Emission Reductions (VERs) are
completely unenforceable, yet in essence strive to attain the same goal for which other carbon offsets were
created: to establish a market for reducing greenhouse gas emissions.73 However, while VERs can provide
power for on-farm use and save producers money, and provide an additional revenue stream that, when
combined with potential bioenergy sales, can dramatically improve the economics of installing anaerobic
digester systems,74 they can vary dramatically in quality and effectiveness of reducing emissions. Additionally,
VERs and other offset programs may also have the potential to encourage the expansion of larger farmed animal
confinement operations, producing more manure and GHG production.
Indeed, while carbon offsets or VERs may appear to be effective mechanisms for controlling factory farm
emissions, they may incentivize animal production operations to become even larger without working to
regulate their water and soil pollution or improve animal welfare. In effect, carbon offsets and VERs may allow
polluting industries, including industrial animal agriculture, to continue business as usual while profiting from
their unsound practices.
Ethanol Co-Products and Farmed Animals
Many factory-farmed animals, including cattle, pigs, and chickens, are typically fed diets consisting of corn and
soybeans. While these diets can cause a number of health problems for ruminants, including acidosis, they also
induce rapid weight gain.75,76 Cattle and pigs are also being fed co-products of ethanol production, such as
distillers’ grains (DGs), which is what is left after the starch from corn is removed to make ethanol, as well as
corn gluten feed and meal.77,78 These products are popular feed sources because they are a concentrated protein
source.79 Due to increasingly higher grain prices and the growth of the ethanol industry, their use as a feed
source is becoming even more prevalent. A 2007 U.S. Department of Agriculture (USDA) report by its National
Agricultural Statistics Service found that in the United States in 2006, ethanol co-products were used on 38% of
dairy operations, 36% of cattle feedlots,§§ 13% of farms raising cattle for beef who were also grazed on pasture,
and 12% of operations raising pigs.80,81 Some ethanol manufacturers claim that DGs are highly nutritious for
farmed animal feed and allow crops to be used for both biofuels and feed.82 In the United Kingdom, Ensus, a
biofuels company, reportedly claims that DGs used as feed could also reduce the amount of soy imported by
animal agribusiness.83 As ethanol production increases, the number of animals being fed these co-products is
likely to rise. In fact, some ethanol plants in the U.S. Midwest are now being built next to some feedlots in an
effort to create a “symbiotic relationship” between the biofuels industry and factory farming.84
The co-products that come from oil seeds for biodiesel production are also used as feed. These products include
the remnants of soybeans, sunflowers, mustard, camelina, and canola after the oil is extracted. Soybean meal,
considered to be the most digestible of all the oilseeds, is used extensively by pig and chicken producers. Other
oilseed meals, according to a 2008 report by the Western Organization of Resource Councils (WORC), have
lower digestibilities and less favorable amino acid profiles compared to soybean meal. However, these meals,
§§

“Cattle on feed” are industrially raised cattle and calves who are fed a ration of grain, silage, hay, and/or protein
supplement for the slaughter market. These animals are expected by the USDA to produce a carcass that will achieve a
higher “grade” (quality of meat). This category excludes cattle who are “backgrounded only” for later sale as “feeders” or
later placement in another feedlot.
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says WORC, can still be very useful, particularly for feed for ruminants, animals with multiple stomachs such as
cattle, because amino acid profiles and fiber content are not as problematic for them as they are for monogastric
animals, those with one stomach.85
Recycling ethanol co-products, however, may not always be healthy for animals or humans. Research from
Kansas State University in 2007 shows that cattle who are fed DGs have a higher likelihood of harboring E.coli
O157 in their hindgut, or colon.86 This led to speculation that DGs were responsible for increased beef recalls in
the United States. In 2007, for example, there were nearly 163% more beef recalls than the previous year and
reportedly about one-third of the recalls were prompted by reports of human illness, while none in 2006
were.87,88 A more recent study, however, failed to find any food safety significance to the feed use of DGs.89
In addition, ethanol co-products fed to farmed animals can have higher levels of mycotoxins,90,91 carcinogenic
products of molds that can contaminate certain crops, including corn, soybeans, and wheat. Ingestion of
mycotoxins can have both acute and chronic effects, including cardiac and central nervous system problems.92
The mycotoxins of “greatest concern” in ethanol co-products and which pose the greatest risk for animals are
vomitoxin, the fumonisins, aflatoxins, and possibly other trichothecenes. Pigs, lactating cows, and calves have a
greater sensitivity to vomitoxin than other farm animals.93
While there are guidelines in place in many countries to limit the amount or level of vomitoxin, aflatoxin, and
other mycotoxins present in animal feed, there are currently no regulations for mycotoxin levels in crops grown
for ethanol. In fact, because “lower grades” of crops are used for fuel, mycotoxins could be concentrated more
than two-fold in the co-products that become animal feed.94
DGs can also cause environmental damage, according to a study in the Journal of Environmental Quality. When
used as feed, dried DGs can elevate the phosphorous content of manure. Feeding farmed animals wet DGs
reduces the energy costs of drying grain, but requires that feedlot operations be near where ethanol is being
produced, further separating crop and farm animal production sites.95
Conclusion
Additional research on the sustainability of farmed animal-based biofuels is needed. Environmental attorney
Nicolette Hahn Niman calls the energy created from manure “brown power” because of all the environmental
problems its production can create.96 As discussed above, without substantial investment or subsidies, using
manure for energy is not cost-effective on a large scale, according to research from the University of Minnesota,
and manure digesters, incinerators, and biodiesel facilities are very expensive to build and run, making them
cost-effective typically only for large, industrial animal production operations.97 Subsidizing bioenergy
production from these large-scale operations allows factory farms to continue business as usual—harming the
environment, workers, and animals—and even expand their operations. Meanwhile, often many smaller-scale
farmers do not qualify for subsidies, making it even more challenging for them to compete with larger
operations.98
In order for bioenergy production to be responsible, it requires strong government policies and regulations.
Biofuels and other energy produced from biomass are only part of the solution to current energy problems. Also
needed is additional investment in other renewable sources of energy, including solar and wind, which tend to
have fewer environmental impacts than fossil fuel-based energy sources.
While encouraging consumers to buy more energy-efficient appliances, eat fewer animal products, or drive less
are important measures for energy conservation, investments also need to be made in infrastructure, such as
better public transportation systems, as well as support for more sustainable and higher animal welfare
production practices, including pasture-raised systems. Those investments will help ensure that GHGs are
reduced and that energy is produced in a way that minimizes threats to public health, the environment, and
farmed animals.

An HSUS Report: The Implications of Farm Animal-Based Bioenergy Production

7

1

Worldwatch Institute. 2007. Biofuels for Transport: Global Potential and Implications for Sustainable Energy and
Agriculture (London, U.K.: Earthscan).
2
Worldwatch Institute. 2007. Biofuels for Transport: Global Potential and Implications for Sustainable Energy and
Agriculture (London, U.K.: Earthscan).
3
Food and Agriculture Organization of the United Nations. 2008. The State of Food and Agriculture. Biofuels: Prospects,
Risks and Opportunities (Rome, Italy: FAO, p. 4).
4
Worldwatch Institute. 2007. Biofuels for Transport: Global Potential and Implications for Sustainable Energy and
Agriculture (London, U.K.: Earthscan).
5
Food and Agriculture Organization of the United Nations. 2008. The State of Food and Agriculture. Biofuels: Prospects,
Risks and Opportunities (Rome, Italy: FAO, p. 10).
6
Worldwatch Institute. 2007. Biofuels for Transport: Global Potential and Implications for Sustainable Energy and
Agriculture (London, U.K.: Earthscan).
7
Monfort J. 2008. Despite obstacles, biofuels continue surge. In: Vital Signs Online (New York, NY: W.W. Norton &
Company, p. 1), citing: REN21. 2008. Renewables 2007 global status report. REN21 Secretariat and Worldwatch Institute.
8
Food and Agriculture Organization of the United Nations. 2008. The State of Food and Agriculture. Biofuels: Prospects,
Risks and Opportunities (Rome, Italy: FAO, pp. 6-7, 24-5, 46-7).
9
Monfort J. 2008. Despite obstacles, biofuels continue surge. In: Vital Signs Online (New York, NY: W.W. Norton &
Company, p. 1), citing: REN21. 2008. Renewables 2007 global status report. REN21 Secretariat and Worldwatch Institute.
10
Food and Agriculture Organization of the United Nations. 2008. The State of Food and Agriculture. Biofuels: Prospects,
Risks and Opportunities (Rome, Italy: FAO, p. 13).
11
Monfort J. 2008. Despite obstacles, biofuels continue surge. In: Vital Signs Online (New York, NY: W.W. Norton &
Company, p. 1).
12
Pinto RG and Hunt SC. 2007. Biofuel flows surge. In: Vital Signs 2007-2008 (New York, NY: W.W. Norton &
Company, p. 40).
13
American Coalition for Ethanol. 2008. Ethanol 101: what is ethanol? www.ethanol.org/index.php?id=34&parentid=8.
Accessed March 17, 2009.
14
Food and Agriculture Organization of the United Nations. 2008. The State of Food and Agriculture. Biofuels: Prospects,
Risks and Opportunities (Rome, Italy: FAO, p. 13).
15
Worldwatch Institute. 2007. Biofuels for Transport: Global Potential and Implications for Sustainable Energy and
Agriculture (London, U.K.: Earthscan, p. 1).
16
Monfort J. 2008. Despite obstacles, biofuels continue surge. In: Vital Signs Online (New York, NY: W.W. Norton &
Company, p. 1).
17
Monfort J. 2008. Despite obstacles, biofuels continue surge. In: Vital Signs Online (New York, NY: W.W. Norton &
Company, p. 1).
18
Worldwatch Institute. 2007. Biofuels for Transport: Global Potential and Implications for Sustainable Energy and
Agriculture (London, U.K.: Earthscan, p. xviii).
19
Pinto RG and Hunt SC. 2007. Biofuel flows surge. In: Vital Signs 2007-2008 (New York, NY: W.W. Norton &
Company, pp. 40-1).
20
Food and Agriculture Organization of the United Nations. 2008. The State of Food and Agriculture. Biofuels: Prospects,
Risks and Opportunities (Rome, Italy: FAO, p. 13).
21
Worldwatch Institute. 2007. Biofuels for Transport: Global Potential and Implications for Sustainable Energy and
Agriculture (London, U.K.: Earthscan, pp. 19, 24, 31).
22
Johnston T. 2007. Tyson teams with ConocoPhillips to produce renewable diesel fuel. Meatingplace.com, April 16.
23
Leonard C. 2007. Not a tiger, but maybe a chicken in your tank. The Washington Post, January 3.
www.washingtonpost.com/wp-dyn/content/article/2007/01/02/AR2007010201057.html. Accessed March 17, 2009.
24
U.S. Environmental Protection Agency. 2006. Methane: sources and emissions. www.epa.gov/methane/sources.html.
Accessed March 17, 2009.
25
Food and Agriculture Organization of the United Nations. 2006. Livestock’s long shadow: environmental issues and
options. www.fao.org/docrep/010/a0701e/a0701e00.HTM. Accessed March 17, 2009.
26
EcoSecurities. No date. Netjets’ requirements. www.ecosecurities.com/Popups/NetJets/popupwindow.aspx. Accessed
March 17, 2009.
27
An BX, Rodríguez L, Sarwatt SV, Preston TR, and Dolberg F. 1997. Installation and performance of low-cost
polyethylene tube biodigesters on small-scale farms. World Animal Review 88(1):38-47.
28
An BX, Rodríguez L, Sarwatt SV, Preston TR, and Dolberg F. 1997. Installation and performance of low-cost
polyethylene tube biodigesters on small-scale farms. World Animal Review 88(1):38-47.
29
Food and Agriculture Organization of the United Nations. 2008. The State of Food and Agriculture. Biofuels: Prospects,
Risks and Opportunities (Rome, Italy: FAO, p. 4).
An HSUS Report: The Implications of Farm Animal-Based Bioenergy Production

8

30

U.S. Environmental Protection Agency. 2007. U.S. government accomplishments in support of the Methane to Markets
Partnership. www.epa.gov/methanetomarkets/accompreport.htm. Accessed March 17, 2009.
31
U.S. Environmental Protection Agency. 2002. Managing manure with biogas recovery systems. The AgSTAR Program.
32
U.S. Environmental Protection Agency. 2002. Managing manure with biogas recovery systems. The AgSTAR Program.
33
U.S. Environmental Protection Agency. 2007. EPA helps farmers turn livestock waste into wealth. Press release issued
January 18.
34
U.S. Environmental Protection Agency. 2007. EPA helps farmers turn livestock waste into wealth. Press release issued
January 18.
35
U.S. Environmental Protection Agency. 2002. Managing manure with biogas recovery systems. The AgSTAR Program.
36
Lazarus WF and Rudstrom M. 2006. Profits from manure power? Economic analysis of the Haubenschild Farms
anaerobic digester. University of Minnesota Extension Service. www.mnproject.org/pdf/economics long - web.pdf.
Accessed March 17, 2009.
37
U.S. Environmental Protection Agency. 2002. Managing manure with biogas recovery systems. The AgSTAR Program.
38
Niman NH. 2006. A load of manure. The New York Times, March 4.
www.nytimes.com/2006/03/04/opinion/04niman.html. Accessed March 17, 2009.
39
U.S. Environmental Protection Agency. 2003. National Pollutant Discharge Elimination System permit regulation and
effluent limitation guidelines and standards for concentrated animal feeding operations (CAFOs); final rule. February 12.
Federal Register 68(29):7179-80.
40
Discussion at Food Crisis Stakeholders workshop, Washington, DC. July 2008.
41
Widenoja R. 2008. Red, white, and green: a new approach to U.S. biofuels. Report of the Worldwatch Institute and Sierra
Club.
42
Graham JP, Price LB, Evans SL, Graczyk TK, and Silbergeld EK. 2009. Antibiotic resistant enterococci and
staphylococci isolated from flies collected near confined poultry feeding operations. Science of the Total Environment
407(8):2701-10.
43
Fibrominn. No date. Power from poultry litter. www.bensonmn.org/fibrominn/flyer.pdf. Accessed March 17, 2009.
44
Fibrominn. No date. Power from poultry litter. www.bensonmn.org/fibrominn/flyer.pdf. Accessed March 17, 2009.
45
Saulny S. 2007. Turkey-manure power plant raises stink with environmentalists. International Herald Tribune, June 6.
www.iht.com/articles/2007/06/06/europe/manure.php. Accessed March 17, 2009.
46
Fibrominn. No date. Power from poultry litter. www.bensonmn.org/fibrominn/flyer.pdf. Accessed March 17, 2009.
47
Saulny S. 2007. Turkey-manure power plant raises stink with environmentalists. International Herald Tribune, June 6.
www.iht.com/articles/2007/06/06/europe/manure.php. Accessed March 17, 2009.
48
Minnesota Office of the Revisor of Statutes. 2007. Minnesota Session Laws 2007—Chapter 3.
www.revisor.leg.state.mn.us/bin/getpub.php?type=law&year=2007&sn=0&num=3. Accessed March 17, 2009.
49
Saulny S. 2007. Turkey-manure power plant raises stink with environmentalists. International Herald Tribune, June 6.
www.iht.com/articles/2007/06/06/europe/manure.php. Accessed March 17, 2009.
50
Saulny S. 2007. Turkey-manure power plant raises stink with environmentalists. International Herald Tribune, June 6.
www.iht.com/articles/2007/06/06/europe/manure.php. Accessed March 17, 2009.
51
World Poultry. 2008. Location announced for U.S. plant powered by poultry litter. 2008. WorldPoultry.net, April 18.
www.worldpoultry.net/home/id2205-42513/location_announced_for_us_plant_powered_by_poultry_litter.html. Accessed
March 17, 2009.
52
Leonard C. 2007. Not a tiger, but maybe a chicken in your tank. The Washington Post, January 3.
www.washingtonpost.com/wp-dyn/content/article/2007/01/02/AR2007010201057.html. Accessed March 17, 2009.
53
University of Arkansas. 2007. Researchers investigate supercritical method of converting chicken fat and tall oil into
biodiesel. University of Arkansas Daily Headlines, December 19. http://dailyheadlines.uark.edu/12002.htm. Accessed
March 17, 2009.
54
University of Arkansas. 2005. UA researchers create biodiesel fuel from chicken fat. University of Arkansas Daily
Headlines, November 29. http://dailyheadlines.uark.edu/5889.htm. Accessed March 17, 2009.
55
University of Arkansas. 2007. Researchers investigate supercritical method of converting chicken fat and tall oil into
biodiesel. University of Arkansas Daily Headlines, December 19. http://dailyheadlines.uark.edu/12002.htm. Accessed
March 17, 2009.
56
University of Arkansas. 2005. UA researchers create biodiesel fuel from chicken fat. University of Arkansas Daily
Headlines, November 29. http://dailyheadlines.uark.edu/5889.htm. Accessed March 17, 2009.
57
University of Arkansas. 2007. Researchers investigate supercritical method of converting chicken fat and tall oil into
biodiesel. University of Arkansas Daily Headlines, December 19. http://dailyheadlines.uark.edu/12002.htm. Accessed
March 17, 2009.
58
Worldwatch Institute. 2007. Biofuels for Transport: Global Potential and Implications for Sustainable Energy and
Agriculture (London, U.K.: Earthscan, pp. 72-7).
An HSUS Report: The Implications of Farm Animal-Based Bioenergy Production

9

59

Pimentel D and Patzek T. 2005. Ethanol production using corn, switchgrass, and wood; Biodiesel production using
soybean and sunflower. Natural Resources Research 14(1):64-76.
60
Food and Agricultural Policy Research Institute. 2008. U.S. baseline briefing book: projections for agricultural and
biofuel markets. FAPRI-MU Report #03-08.
www.fapri.missouri.edu/outreach/publications/2008/FAPRI_MU_Report_03_08.pdf. Accessed March 17, 2009.
61
McMichael AJ, Powles JW, Butler CD, and Uauy R. 2007. Food, livestock production, energy, climate change, and
health. The Lancet Energy and Health Series. The Lancet 370(9594):1253-63.
62
Chee-Sanford JC, Aminov RI, Krapac IJ, Garrigues-Jeanjean N, and Mackie RI. 2001. Occurrence and diversity of
tetracycline resistance genes in lagoons and groundwater underlying two swine production facilities. Applied and
Environmental Microbiology 67(4):1494-502.
63
Colborn T, vom Saal FS, and Soto AM. 1993. Developmental effects of endocrine-disrupting chemicals in wildlife and
humans. Environmental Health Perspectives 101(5):378-84.
64
Soto AM, Calabro JM, Prechtl NV, et al. 2004. Androgenic and estrogenic activity in water bodies receiving cattle
feedlot effluent in Eastern Nebraska, USA. Environmental Health Perspectives 112(3):346-52.
65
United Nations Framework Convention on Climate Change. No date. About CDM.
http://cdm.unfccc.int/about/index.html. Accessed March 17, 2009.
66
Ball J. 2007. Cows, climate change and carbon credits. The Wall Street Journal, June 14.
67
Ball J. 2007. Cows, climate change and carbon credits. The Wall Street Journal, June 14.
68
Western United Dairymen. 2007. WUD partners with EcoSecurities on digester investment assessments. Press release
issued October 19. http://westernuniteddairymen.com/content/view/77/58/. Accessed March 17, 2009.
69
United Nations Framework Convention on Climate Change. 2006. Clean Development Mechanism project design
document, Version 03, December 22.
70
United Nations Framework Convention on Climate Change. 2006. Clean Development Mechanism project design
document, Version 03, December 22.
71
United Nations Framework Convention on Climate Change. 2004. Granja Becker GHG mitigation project. Clean
Development Mechanism project design document form, Version 02, July 1.
72
Smeraldi R and May PH. 2008. The cattle realm—a new phase in the livestock colonization of Brazilian Amazonia.
Amigos da Terra. www.amazonia.org.br/arquivos/259673.pdf. Accessed March 17, 2009.
73
United Nations Framework Convention on Climate Change. 2008. Clean Development Mechanism: 2008 in brief.
http://unfccc.int/resource/docs/publications/08_cdm_in_brief.pdf. Accessed March 17, 2009.
74
Western United Resource Development, Inc. 2006. Dairy methane digester system program evaluation report. California
Energy Commission, August.
75
Elam CJ. 1976. Acidosis in feedlot cattle: practical observations. Journal of Animal Science 43(4):898-901.
76
Perry TW. 1992. Feedlot fattening in North America. In: Jarrige R and Béranger C (eds.), Beef Cattle Production, World
Animal Science C5 (Amsterdam, The Netherlands: Elsevier, pp. 289-305).
77
Iowa State University Extension. 2008. Ethanol coproducts for cattle.
www.extension.iastate.edu/Publications/IBC18.pdf. Accessed March 17, 2009.
78
Food and Agriculture Organization of the United Nations. 2007. Animal feed impact on food safety. Report of the
FAO/WHO expert meeting, Rome, Italy, October 8-12.
79
Iowa State University Extension. 2008. Ethanol coproducts for cattle.
www.extension.iastate.edu/Publications/IBC18.pdf. Accessed March 17, 2009.
80
Personal correspondence with Jason Hardegree, economist, U.S. Department of Agriculture National Agricultural
Statistics Service, September 19, 2008.
81
U.S. Department of Agriculture National Agricultural Statistics Service. 2007. Ethanol co-products used for livestock
feed, June 29.
82
Farmers Guardian. 2008. Biofuels ‘can help’ the livestock sector. Farmers Guardian, March 13.
www.farmersguardian.com/story.asp?sectioncode=1&storycode=17019. Accessed March 17, 2009.
83
Farmers Guardian. 2008. Biofuels ‘can help’ the livestock sector. Farmers Guardian, March 13.
www.farmersguardian.com/story.asp?sectioncode=1&storycode=17019. Accessed March 17, 2009.
84
Kansas State University. 2007. Cattle fed byproducts of ethanol production harbor dangerous E. coli bacteria.
ScienceDaily, December 12. www.sciencedaily.com/releases/2007/12/071204091851.htm. Accessed March 17, 2009.
85
Lardy G. 2008. Biodiesel benefits for cattle producers: feeding byproducts of biodiesel production. Executive summary.
Western Organization of Resource Councils.
86
Jacob ME, Fox JT, Drouillard JS, Renter DG, and Nagaraja TG. 2008. Effects of dried distillers’ grain on fecal
prevalence and growth of Escherichia coli O157 in batch culture fermentations from cattle. Applied and Environmental
Microbiology 74(1):38-43.
87
Shin A. 2008. Does ethanol raise risks? Studies tie bacteria in beef to fuel byproduct. The Washington Post, November 4.
An HSUS Report: The Implications of Farm Animal-Based Bioenergy Production

10

88

Jacob ME, Fox JT, Drouillard JS, Renter DG, and Nagaraja TG. 2008. Effects of dried distillers’ grain on fecal
prevalence and growth of Escherichia coli O157 in batch culture fermentations from cattle. Applied and Environmental
Microbiology 74(1):38-43.
89
Jacob ME, Fox JT, Drouillard JS, Renter DG, and Nagaraja TG. 2009. Evaluation of feeding dried distiller's grains with
solubles and dry-rolled corn on the fecal prevalence of Escherichia coli O157:H7 and Salmonella spp. in cattle. Foodborne
Pathogens and Disease 6(2):145-53.
90
Food and Agriculture Organization of the United Nations. 2007. Animal feed impact on food safety. Report of the
FAO/WHO expert meeting, Rome, Italy, October 8-12.
91
Wu F and Munkvold GP. 2008. Mycotoxins in ethanol co-products: modeling economic impacts on the livestock industry
and management strategies. Journal of Agricultural and Food Chemistry 56(11):3900-11.
92
World Health Organization Regional Office for Africa. No date. Fact sheet 5. Mycotoxins.
www.afro.who.int/des/fos/afro_codex-fact-sheets/fact5_genetically-modified-foods.pdf. Accessed March 17, 2009.
93
Brown S. No date. Risk assessment of mycotoxins in fuel ethanol co-products, draft. Canadian Coalition for Farm
Animals, citing: Food and Agriculture Organization of the United Nations. 2004. Worldwide regulations for mycotoxins in
food and feed in 2003. FAO Food and Nutrition Paper 81.
94
Food and Agriculture Organization of the United Nations. 2004. Worldwide regulations for mycotoxins in food and feed
in 2003. FAO Food and Nutrition Paper 81. www.fao.org/docrep/007/y5499e/y5499e00.HTM. Accessed March 17, 2009.
95
Simpson TW, Sharpley AN, Howarth RW, Paerl HW, and Mankin KR. 2008. The new gold rush: fueling ethanol
production while protecting water quality. Journal of Environmental Quality 37:318-24.
96
Niman NH. 2006. A load of manure. The New York Times, March 4.
www.nytimes.com/2006/03/04/opinion/04niman.html. Accessed March 17, 2009.
97
Lazarus WF. 2008. Farm-based anaerobic digesters as an energy and odor control technology: background and policy
issues. U.S. Department of Agriculture Office of Energy Policy and New Uses. Agricultural Economic Report Number 843.
98
Niman NH. 2006. A load of manure. The New York Times, March 4.
www.nytimes.com/2006/03/04/opinion/04niman.html. Accessed March 17, 2009.

The Humane Society of the United States is the nation’s largest animal protection organization—backed by
10 million Americans, or one of every 30. For more than a half-century, The HSUS has been fighting for the
protection of all animals through advocacy, education, and hands-on programs. Celebrating animals and
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