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1.  Introduction

It is estimated that the world’s farm livestock and poultry in 1997 included about 1 billion cattle, 0.8 billion pigs, 0.9 billion sheep and, on average, 8 billion chickens (broilers and layers). 

The total dried weight of farm animal manure produced annually in the world is about 1,700 million tonnes. The energy content of dry manure ranges from 12 to 18 GJ per tonne (compared to 42 GJ per tonne of oil). This amount of energy is significant in relation to total world oil use of about 3000 million tonnes per year. The numbers for the United States are about 250 million tonnes of manure having an oil equivalent energy of 90 million tonnes.

Energy from manure is used in many parts of the world, but often its use is inefficient, and the full potential for using it has not been realized. Part of the difficulty in using manure as an energy source is its variability compared to fossil fuels. Fortunately, there are many good approaches to improving this situation. On the down side, the inappropriate handling of manure leads to severe environmental problems. Thus, for actions on the use of manure to be optimal, they must recognize not only the value of manure as an energy source but also the importance of improving the environmental consequences of farm animal production.

In the United States, the importance of encouraging better manure handling and utilization has been recognized by actions of Congress, the Environmental Protection Agency (EPA), The Department of Agriculture (USDA), and the Department of Energy (DOE). The important actions of the government include:

• The Unified National Strategy for Animal Feeding Operations of EPA and USDA [1]; and

• The Clean Water Act [2] and Coastal Zone Act Reauthorization Amendments [3] (EPA).

The importance of this energy source has been recognized in the 1999 US Presidential Executive Order on “Development and Promoting Biobased Products and Bioenergy” [4], the Congressional “Biomass Research and Development Act of 2000” [5], and the National Energy Policy of the new administration, 2001. 

This paper discusses key elements required in comprehensive approaches to benefiting from the better handling and use of farm animal manure. In preparing this paper we were helped by the useful reports and papers from a number of conferences and workshops held in recent years 

[6 – 14].

2.  Mass Balance
An inevitable consequence of consuming animal products is the generation of manure. Manure is a valuable resource for nutrients, soil enhancement, bio-products and specialized chemicals more generally and, separately, for using its energy. The effective recycling of this asset is essential. In the past, manure was returned to local land to provide the nutrients for the crops that fed the animals. In this system, the ability of the land to absorb the nutrients was rarely exceeded. With the concentration of animal production and the use of feed transported form far away, this system no longer works. The local spreading of manure from concentrated animal operations leads to severe nutrient imbalances, accumulation, and run-off of nutrients to local streams and rivers.

A primary difficulty is the much higher mass per unit of nutrient value compared to commercial fertilizers, which makes it less economic to ship long distances. More work is needed to understand the behavior of the various constituents (e.g., nitrogen, phosphorus, metals, etc.) as they travel through the system, from feed production to manure production and use, so that optimum decisions can be made about changing the system. Policies are needed that will direct excess manure to places where it is needed and encourage the development of other beneficial uses. The generation of high-value products (e.g., other crops, bio-products, specialized chemicals, and bio-energy) and techniques for concentrating the nutrients can ameliorate the problems. Further, some current tax policies penalize manure use relative to commercial fertilizers.

Incentive payments could be used to encourage the recycling of nutrients. Incentives need to be reinforced by regulations, educational support and equitable enforcement of the regulations. Standardization methodologies and improved instrumentation technologies are required to support and encourage nutrient recycling.

Ultimately, consumers must pay the real costs of meeting tightening environmental requirements and the concomitant improved recycling of nutrients. Revenue sources could be generated directly through product pricing (with the additional revenue going to the producer) and also indirectly by taxation in some form or other. Practical limits on subsidies related to environmental costs will be needed, because the intent is not to support inappropriate production. Further, subsidies should not be allowed to distort the market (e.g., by distinguishing between different products).
Stakeholder Involvement

•   Government has a central role to play in effecting and managing the recommended changes in   nutrient recycling;

• 
Land Grant universities will be involved in research, education and extension services (e.g., demonstration programs);

• 
Producers will be involved in cooperative research and demonstration programs as well as in   the development and implementation of nutrient management plans;

• 
Integrators must accept partial responsibility and play an active role in recycling nutrients; and 

• The private sector, generally, has to increase its involvement in recycling efforts, and increase support of research, development and demonstration efforts.

3.  Bringing Consistent Support to Improving the Handling and Use of Manure
The trend in providing policies and regulations in the farm animal area is one of improving their comprehensiveness and complementarity across the various aspects of the area. This can be seen, for example, in the Unified National Strategy for Animal Feeding Operations [1] requirement for the animal farm operations to develop Comprehensive Nutrient Management Plans. But more needs to be done. There remain inconsistencies in the approaches of different states that limit the possibility for improvements e.g., taxing fertilizer by weight rather than by nutrient content penalizes the use of manure with respect to artificial fertilizers. There remain gaps in the pantheon of policies and regulations that need filling e.g., the issue of air pollution is still being worked. Notably, financial incentives that encourage the use of manure for energy are needed. A number of possibilities exist, ranging from green labeling to incentives per unit of energy produced e.g., 1.5 cents/kiloWatt.hour as used in the wind power area. Of particular importance is finding approaches that take the technical load off the backs of the farmers. This is discussed below.

4.  Farms of the Future

Our vision is for environmentally sustainable food animal production operations that are safe, socially acceptable, and profitable. 

Many of the elements for farms of the future, that could meet our vision, exist or could be developed.  For situations where there is not a good match between manure production and local need, there are additional activities that might be undertaken. In general, what is required is a better-integrated system that involves other areas of farming and waste management. Some examples with potential to improve profitability and environmental quality include: 


• 
combining the animal production with other crops that require a relatively smaller land area to

 

absorb the nutrients; 


• 
using aerobic digestion to produce methane and reduce odors and pathogens;


•
composting and co-composting leading to designer composts and pelletizing;


•
co-firing the dry manure with coal or burning it directly, using the ash as a fertilizer component; 


•
coupling the production to some energy product such as electricity and or process heat, or to 



corn plus ethanol production or chemical products; 


•
having a system e.g., a manure bank, to collect and handle manure in bulk rather than on a farm by farm basis; and, 


•
ultimately, developing an economic procedure for concentrating the nutrients so that they may 

 

be recycled more readily.

Often, such approaches can be economic because they achieve more than one goal. For example, if manure is digested in a closed container to produce methane, this methane may be used to produce electricity and process heat. The cost of the electricity may be somewhat higher than low-cost electricity from the grid. However, the process heat has value, and the closed digester can reduce substantially and/or eliminate odors from storage areas, as well as when the residuals are used as nutrients on fields. Further, the process of digestion can substantially reduce pathogens. In assessing the economics of various solutions, it is important to consider all of the value-added aspects. Finally, a farm may choose to incorporate other waste streams such as gray water from industrial processes, or municipal sewage sludge, or residuals from other agricultural crops.

Unfortunately, the experience with using manure for energy has been mixed. For example, roughly half of the farms that have attempted to use anaerobic digestion have been unsuccessful, Lusk [15]. Therefore, it will be important to provide better support to the farmer in introducing them to new technologies. A good example of providing some support is the AgStar program [16] of EPA, USDA, and DOE, that provides support for farmers to collect methane from manure. 

A fundamental obstacle to achieving this vision is inadequate valuation of environmental resources. Although many producers do implement good environmental practices ( there is little financial incentive to do so given the current market structure and technology choices. 

It is important to provide incentives to producers by transferring costs of meeting the vision to consumers. A voluntary approach to this involves better product labeling supported by certification and consumer education programs. Such green labeling approaches would allow producers to recover costs for producing food in more environmentally sustainable ways. Another approach might be for government to provide financial incentives for farmers to implement technologies and management practices. This approach could be funded through several means. A tax on animal products collected at the retail point of sale and transferred directly to producers on a manure-produced basis could be a long-term solution. A carbon tax would increase fertilizer costs, increase manure values, and potentially transfer significant funds to farmers who use environmentally sustainable practices (e.g., conservation tillage, appropriate fertilization rates, methane capture from animal wastes). As with the animal-products tax, this tax could be a long-term solution. Finally, a short-term method of raising funds could be to provide government subsidies, such as a revolving loan fund, to farmers, who implement environmentally sustainable practices. Such loans might be a part of an approach similar to the DOE Federal Energy Management Program (FEMP [17]), discussed below.

It is also important to improve environmental regulations on farms. Make them simpler, unified, universal (i.e., nationwide), and then enforce them. Since all fields are not created equal, some inequities may result from universal environmental regulations. However, the fact that local soil and atmospheric conditions differ should not be used as a reason to have poor environmental compliance at any one site. Ensure that all regulations are science-based, and periodically verify that all farms are in compliance, perhaps by third-party verification or self-reporting under the ISO 14000 standard. Have sunset provisions for all regulations. Base comprehensive nutrient management plans on a nutrient mass balance and consider the entire operation (including housing and storage) when developing these plans.

Achieving environmental compliance will require partnering with other groups. In addition to the public, agribusiness sectors, such as energy production, insurance agencies, fertilizer manufacturers, and marketing experts have significant interests in this area. Furthermore, the efforts of individual entrepreneurs and the participation of non-governmental organizations are needed to ensure that the vision can be realized.

5.  A Possible Government Support Program 

To recapitulate some previous points:

• 
Improvements are needed in the handling of farm animal manure to reduce pollution;

• 
The use of value-added products, such as energy, can offset the costs of improving manure

  
handling;

• 
Technologies exist, are being improved, or are in development that can provide such value-

   
added products;

• 
Most farmers do not have the technological knowledge to install and operate the technologies that could help them to meet the necessary environmental conditions economically; and

• 
A supportive system is needed to encourage the use of the technologies.

The production of energy will be used as an example of how such a supportive system might be configured. A very good example of the kind of process that might be used, with modifications, is the DOE Federal Energy Management Program (FEMP). The goal of the Congressionally authorized FEMP is to improve the efficiency of energy use and encourage renewable projects in Federal facilities and operations. This is achieved by emphasizing the use of private-sector technical expertise and investment resources through two financial vehicles: energy savings performance contracts (ESPCs) and utility energy service contracts (UESCs). In both types of contract, the intent is to have the cost savings generated by the project cover the cost of its implementation, so that over the term of the contract, the money saved is available to pay the service provider for (1) the installation of the new energy-conservation measures (ECMs) (2) the cost of investment capital (interest), and (3) any services that are negotiated into the contract and provided during the contract term.

In addition, FEMP provides technical assistance through SAVEnergy audits, evaluates project proposals, provides up-front engineering and design support, and assists in measuring and verifying energy savings for these projects. FEMP also develops analytic tools and information to assist in identification and selection of cost-effective projects and products.

A general rule of thumb is that projects of less than $500,000 are more feasible for UESCs than ESPcs, because by statute and regulation the ESPC baseline and savings guarantee requirements are more rigorous, and therefore the resources the energy service company (ESCO) must commit to develop a small project may be too high in relation to the total estimated cost. A typical project might have an aggregate five-year simple payback, thus may have a ten-year contract period if during that time virtually all the savings are used to pay the service provider. For example, if savings on an electricity bill were projected to be 25% per year, and the bill were $30,000 per year, the potential savings of $7,500 supports a project investment of about 5 times that, $37,500, since the simple payback is about 5 years.

For the production of energy from farm animal manure, the situation is more complicated. As an example, consider the factors for anaerobic digestion producing methane:

• 
The methane collected might be enough to produce electricity and process heat to provide all of the farm’s energy needs, but the cost of electricity might be slightly higher than from the grid;

•
By containing the manure in a closed system, the odors can be eliminated. What value should be put on that benefit?

•  The heating of the manure in the digester reduces pathogens making the manure handling safer.  What value should be put on that benefit?

The use of a renewable energy source has value in reducing the country’s need to import fuel. It can also reduce greenhouse gas emissions. Such benefits are recognized by a 1.5 c/kWh government contribution for wind power. If a similar benefit were applied to electricity generated from animal manure it could allow the electricity to be valued at say 1.5 c/kW.h above the market price. If the farm produced excess electricity, it might be possible to sell it at the utility’s avoided cost of, say, 2.5 c/kWh. In addition, a value could be placed on the process heat provided, either electricity or gas equivalent costs for providing it. 

The benefit of reducing odors might simply be viewed as a bonus? Alternatively, such factors could be folded into an allowance for the energy produced.

In his report, Lusk [16] gives an example of a “typical” 1000-sow, farrow-to-finish swine farm, with an anaerobic digestion system. 

• 
It was estimated that the digester would produce 32,400 ft3 of methane/day, sufficient to fuel 

  
an engine/generator of 113-kW. 

• 
With an animal capacity factor of 90%, the annual electricity production was  851,500 kWh.

• 
Assuming that 2,800 Btu of heat could be recovered per kWh generated, and that space heat

  
was recovered for 9 months of the year, 1.79 million Btu could be recovered.

• 
For the example, the cost of electricity to the farmer was $0.068/kWh.

• 
The cost of maintenance for the system (mainly the electricity generation equipment) was 

   
estimated as $0.015 c/kWh.

• 
Assuming that propane (at $0.75$/gallon) would have been used otherwise to produce the 

  
heat, the heat value was $8.21/million Btu.

The net annual savings (i.e., less the O&M costs) was estimated to be $59,900.

In reality, the production of electricity might not match the farm requirements at all times of the year. Then it would be necessary for the farmer to buy electricity at deficit times and sell at surplus times at the avoided cost of say 0.025 c/kWh. These actions would reduce the benefits somewhat. However, an incentive per unit of renewable energy produced could be used to offset or even boost the value.

For the example, assuming a simple payback of 5 years, such an annual benefit could support an investment of about $300,000. Such a value is comparable to the kind of costs experienced for such systems, see Lusk [16]. This approach would extend the kind of support provided by AgStar to cover the entire system from methane recovery to electricity and heat production, while putting the technical responsibility for operational effectiveness on the energy service company or utility that offered the service.

Thus, the private sector would provide the expertise and equipment needed to optimize per​for​mance, and would have to take responsibility for ensuring that the equipment met its goals.  Further support would come from government and state agencies, and the outreach programs of universities.

These two measures would help the farmers to improve the environmental soundness of their operations, while removing financial risks from adopting state-of the art equipment.  This approach would also benefit the industry and speed up the testing and validation of the technologies.

Clearly, other value-added products, such as production of high-value crops, could be used to enhance the effectiveness of this system.

The government’s role, through the support of agencies such as USDA, EPA, and DOE, would be to ensure that projects were well founded, to provide technical support, and, through incentive schemes if effective, underwrite the profitability of such ventures.  Eventually, as this approach became established, and technologies became cheaper and more efficient, the government’s role could be reduced or even eliminated.
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