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7 Appendix

Cases and sierra club C:\docs\IE\RESRECOV\CRESTech Manure Report\sust-organic farming\Ontario Sus Ag.doc
7.1 Evaluation Matrix 

This appendix to Section 3 of the report is an Evaluation Matrix spread sheet summarizing the recommendations of this chapter:

1. the options for farm management, technologies for conversion, and administrative-managerial-policy levels. 

2. the areas of environmental and social impact

3. R&D and capacity development priorities are keyed in the comments column.

This matrix gives our first cut assessment of the relative importance of each option for managing the different environmental and social impacts of manure. If you’re viewing this report electronically the matrix file is Evaluation Matrix_Fin.xls.    

7.2 Case Profiles of Technology Application

7.2.1 Klaesi Farm

The Klaesi Farm (owned by Paul and Fritz Klaesi) is an Ontario farm that has built an operating anaerobic digester. It is a 500 cubic meter digester with a capacity of 15-20 cubic meters per day. This interview is apparently from an OMAF TV production. 

The Klaesi Brothers milk 140 head of cows and have 280 head of livestock. 6 thousand cubic meters a year of manure is produced.

Paul and Fritz Klaesi, Dairy Farmers, Forrester's Falls, eastern Ontario, Renfrew County

Interviewer, Ingrid Clark, Town & Country Ontario

Ingrid Clark: There's no fear of the dark at this farm in. That's thanks to power generated through the production and processing of methane gas . . . and there's a steady supply. 

Paul Klaesi, 

We knew how much energy is in manure from past experience. We tried a bit in Switzerland to make heat out of methane gas. We didn't heat up, the manure, but we had some gas coming up without heating it and we read in certain papers that So we figured that we would be able to produce our power if the system would run well. 

There is about 1 1/2 to 2 1/2 kilowatt-hours per cow per day in a well-fed dairy cows. So our consumer day is about 450 kW-hours with our animals, about 250 animals, large animals, times two would be about 400 kW-hours.

Ingrid Clark

Paul and Fritz Klaesi arrived in Canada in 1990 armed with a desire to be dairy farmers - and to apply their technical knowledge to explore green energy. The Klaesi Brothers milk 140 head of cows and have 280 head of livestock. 6 thousand cubic meters a year of manure is produced.

Fritz Klaesi

The manure comes out from the cow, goes into the gutter. We run the gutter twice a day morning and night. It runs about half an hour to three-quarters of an hour. The manure goes all around behind the cows and comes up her - this incline. It goes down in the three-inch pipe. It's no pump; it's gravity fed and runs into the digester.

Ingrid Clark

The manure is stored for 28 days in the digester. Helpful bacteria, naturally present, get the process going until the manure is well fermented. Energy not utilized by the cattle is released in the form of methane gas. Contents of the digester are agitated often so no crust forms trapping the gas, and to make sure that solids don't settle. Heat is essential to this whole process, especially given cool Canadian winters. The manure has to be kept at around 40°C to have perfect fermentation.

The Klaesi's have capitalized on all sources to capture that much needed warmth.

Fritz Klaesi

So what we did here on this farm we tried to build a heat exchanger, where we can exchange the warm manure that goes out from the digester with the cold manure comes in from the barn. So we would like to have some of that heat that goes out in the end of storage, captured in the fresh manure so she's preheated. But we also do we use from the milk cooling. We make hot water from the milk that we cool down; we have to cool the milk down from 36° down to about 2 to 3°.

Ingrid Clark

The fermentation process produces methane, nutrient-rich manure and ammonia. Manure is comprised of between 40 and 60% methane compared to natural gas which has a methane content of closer to 90%.

Fritz Klaesi

A rubberized tarp on top of that works storage for our gas. So this bubble is like a balloon goes up and down to have the storage room for about hundred 50 cubic litres of gas - if it's full or empty.

Ingrid Clark

A full dome represents 250 kWh of power, which occurs twice a day. Every day. Manure is considered to be liquid gold by farmers and that's doubly true for the Klaesi brothers. As this dome drops, energy is directed to the Hydro One power grid forcing their electricity bill down.

Paul Klaesi

The valve has opened here and here now we lose the methane gas. We really should start up the generator.

Ingrid Clark

The generator is a story in itself. And Paul Klaesi loves to tell it.

Paul Klaesi

Here the methane gas comes into the generator. Here we measure the volume of the gas with a meter. And then we go in up here to the turbo charger where the gas gets mixed with air; goes through the after-cooler of the turbo-charger; and comes in here into the diesel engine. The motor has the potential of producing about 300,000 BTUs of heat. We have here the heat coming out of the engine, going in an exchanger, and going here over to the distribution system. The same time, we reclaim the heat of the muffler, up here.

Ingrid Clark

This powerful system and some good negotiation has resulted in a net-metering agreement with Hydro One for the Klaesi's. They feed the province's power grid when the generator runs and the farm's not using the energy produced - and here's something you don't see often: a hydro metre running backwards!

Fritz Klaesi

A lot of people asked and wanted to see it. We had to hold them off because we are in a different climate here in Canada and want to see it also it working in the winter. It's a big question for us to because like I said, insulation, did it really work, what we did? We think it does. But we are really excited about it.

Ingrid Clark

Paul Klaesi sees many plusses to the process.

Paul Klaesi

One advantage is usage of the power. Another advantage which we really is during the summer we can make the hot water in the houses and we think largely we can probably heat the houses with the energy which comes, with the heat which comes out the generator. The generator produces when it runs on full, full output 300,000 BTUs. And a big part it all is the digestion of the manure. We really like to see the manure is much more available to the plants And the bacteria which E. coli and so on are gone in the manure.

Ingrid Clark

The sustained heat also kills weed seeds a big advantage for any farmer - reducing requirement for spraying. The Klaeses have 500 acres primarily in hay and corn - producing all feed for their animals except some minerals so it's value added to value.

Paul Klaesi

We are a bit pioneers, I would say. We imported a lot of the stuff from Europe and we put the system together here ourselves because we have some technical knowledge.

Ingrid Clark

Paul has been able to put his experience as an Inspector for Hydro Zurich to good use, combined with Fritz's good dairy farmer background. As they pour over hydro bills from before and after the system's installation, they have reason to smile.

Paul Klaesi

It looks good, but we have also other considerations and we spent a lot of money on the system. And I think, that is something which almost has to be dealt with. If it wouldn't have calculated that it wouldn't even started. We knew that the system will work. We're not exactly sure whether we can come to the level of zero but I think we can come very close to it.

www.gov.on.ca/OMAFRA/english/ tco/200404/200404Atext.html 

7.2.2 Clear Green Inc. 

Clear-Green Environmental Inc. (CGE), a Saskatchewan company founded in 2000, illustrates the build, own, operate business model for intensive livestock operations, food processing plants, and community utilities. 

“Clear-Green uses the “build – own – operate” model (BOO). This means that we investigate possible project sites and analyze the site-specific parameters to determine if the site is feasible. If it is found to be a feasible project, we can finance the entire project or a portion of it, depending on whether the waste producer wishes to become an equity partner. Clear-Green then charges a processing fee to the client on a volumetric basis and markets the end products.” ( www.clear-green.ca ) 
Clear-Green takes responsibility for evaluating alternative technologies such as biodigestion, advanced filtration, separation, and refinement provided by companies in Western Europe and the United States. With a variety of technologies to choose from, its engineers customize design of each installation. The company is then responsible for operation and maintenance of the facility. 

This business model derives revenues to pay off the investment and earn a return from four sources: 

· A tipping fee from the farm or farmers based on the volume of manure provided;  

· Sales of gas and/or electricity generated from the gas; 

· Sales of nutrients; and 

· Sale of greenhouse gas credits earned by avoiding release of methane and nitrous oxide to the atmosphere.  

Clear-Green’s first project, which began commissioning in January, 2004, is a partnership with Cudworth Pork Investors Group (CPIG) and SaskPower. CPIG operates a sow-farrow-to-finish barn with 1200 sows and a total of 30,000 pigs per year (17,000 at any one time). The barn provides manure through a pipeline to Clear-Green’s mesophyllic anaerobic digester and receives heat from the gas-fired electricity generating turbines installed by SaskPower. Water from the process may be returned to the barn for wash down of the facility as a second phase is added to the plant. 

CPIG pays a tipping fee to CGE and the power company pays a fixed rate for the methane under a two year contract. CGE’s investment in this first phase was $1.5 million Canadian. SaskPower invested $465,000 in four 30 kw microturbines to produce electricity. CGE plans to buy this equipment at a later stage in order to become an independent power producer. 

Flow

Volume 
Comments

Manure (gallons per annum)
8M 
4.5 % solids
tipping fee 1 cent/gal

Methane (M3 per annum)
500K 
65% methane, 35% CO2

Electricity 
120kw
four 30 kw microturbines

Products from phase 2 (gallons per annum)
400,000 of “10-2-2” liquid organic fertilizer
Concentrated liquid organic fertilizer

Credits for CO2 equivalent
35K tons 
From capture of methane and nitrous oxide

Clear-Green –SaskPower facility at Cudworth Pork Investors Group

In the second phase of the project Clear-Green will invest $1.2 million in a system to produce high value nutrient products from the digestate that remains after methane is separated by the anaerobic digester. This equipment will produce a large volume of concentrated liquid organic fertilizer and a small volume of composted material. The liquid product sells at premium prices to greenhouses, municipalities, organic farms, golf courses, and other markets specifying non-chemical fertilizer. CGE expects this second phase of the project to be in operation by Fall of 2004. 

In future projects with new facilities (barns that have not yet been built) Clear-Green proposes to work with the designers to reduce capital required for conventional by-product management components. Partners could be intensive livestock operations (including aquaculture), co-ops of smaller farms, food processing plants, slaughter plants, and municipal waste management agencies. 

(Based on interview with Clayton Sparks, Clear-Green VP of Development and www.clear-green.ca )

The AMMTO web site includes a template with environmental evaluation of Clear-Green, based on expert review of the company’s submission of their technology.  http://res2.agr.ca/initiatives/manurenet/en/AMMTO/reports/scan%207c.pdf.

See also the Summary of Technologies Submitted to AMMTO for Review. http://res2.agr.ca/initiatives/manurenet/en/AMMTO/reports/scan%20appendix%205.pdf 

7.2.3 Feasibility Study of Multi-Dairy Power Plant in Washington

Stan Davison. 2002. Utility Scale Dairy Farm Manure Biogas Electrical Generating Project Feasibility Study, Energy Northwest, Richland, WA from Biomass 2002 Proceedings.  

(Energy Northwest is a public utility in Eastern Washington.)

The purpose of this study is to explore the development and construction of a dairy farm biomass electrical power generation project that would be located in the Northwest region. This study is designed to provide an overview of the primary issues related to the dairy farm biomass project concept and to identify any "make or break" issues that would prevent the project from being successful. Three major areas are examined: Technology issues, Market Issues, and Financial issues. 

This study is meant to be a "first cut" look at these issues and to provide a basis for making a decision with respect to a dairy farm biomass project. For the purposes of the study, a typical dairy farm location near Sunnyside, Washington, was chosen to use as the data collection point. 

The biomass energy business sector is a segment of the renewable energy market that is currently in the early stages of development in the United States. The technology is, however, used extensively in Europe. Biomass energy is the term for a technology that uses organic feedstock to produce energy products. The specific technology addressed by this study is the use of bacteria residing in a large tank (anaerobic digester) to convert organic waste (manure) into methane gas and clean, high value organic fertilizer. Because of the availability of ample feedstock and undeveloped project sites, there is good opportunity for biomass development here in the Northwest region. It is relevant and worthy of note that only a few years ago, the wind energy market in our region was in a similar condition. This report was produced to explore the feasibility of diversifying our renewable energy project portfolio by developing a dairy farm biomass project in the Washington/Oregon area.

Investigation of the business sector showed that biomass technology has matured significantly in the last five years. There are now over 100 companies offering biomass conversion equipment available to the U.S. market. The U.S. Department of Energy and the U.S. Environmental Protection Agency offer incentive grants for biomass projects and many individual states offer grants as well. The biomass business sector and commercial anaerobic digester technology are, however, still in the initial stages of development. Currently the largest viable dairy farm biomass conversion to methane projects which generate electricity are all less than 1 MW in size and are built to service local dairies. A project size this small will generally be marginal from the standpoint of commercial viability.

Three alternatives emerged from the research that were judged as worthy of exploration:

Alternative A - A generation facility rated at less than 1 MWe processing manure from an individual dairy farm remote from other dairy farms.

Alternative B - A generation facility rated at between 1 MWe and 5 MWe processing manure from several adjacent dairy farms.

Alternative C - A generation facility rated at greater than 10 MWe processing multiple biomass sources using multiple technologies.

The end result of the study is the conclusion that Alternative B as shown above should be pursued as an electrical generating project. The power plant used as the development test case for the study is sized at approximately 3 to 4 MW and has sufficient economic potential and public benefit accompanied by manageable risk factors to merit a recommendation for development of a dairy farm manure to electricity conversion project.

The objectives of a dairy farm biomass project:

· Build and operate an economically viable renewable energy electrical generating facility.

· Respond to needs of both member and non-member utilities for "Green Power".

· Take a leadership role in helping solve key Columbia Plateau environmental issues - salmon recovery, water quality and air quality.

· Demonstrate the economics of a potentially large new renewable energy business opportunity.

· Provide a "cookie cutter" model for future similar electrical generating projects.

A valid entry strategy is one that would include using this project as the first in a series of cookie-cutter style units that could be developed in various Pacific Northwest locations. These dairy farm biomass projects would provide an environmentally friendly solution for electrical power supply needs and also help resolve the challenge posed by dairy farm manure generated environmental issues. It should be noted that, when completed, this first project would be the only economically viable, commercial size, dairy farm biomass electrical generation project in the United States. The implication is that this project could set the stage for a significant number of additional projects in a number of areas both inside and outside the Pacific Northwest region.
7.2.4 PMC BioTec

PMC BioTec is working with eight large mushroom growers in Chester County, Pennsylvania, on a pilot plant to prove the technology concept for converting mushroom “soil” (spent manure that has been used to grow mushrooms) into methane, CO2, water, and a small amount of solid filtrate at a high efficiency. The technology has been demonstrated at bench test level for this input. (See technology description below and other full scale applications.) The mushroom growers are motivated by large US EPA penalties for improper disposal. 

Financial feasibility studies, even with pessimistic scenarios, indicate that a full-scale plant would be highly profitable because of the high efficiency of conversion (80-95%). (The firm projects an internal rate of return of 30-40%.) A full scale facility for mushroom soil would cost approximately US$30M and handle a large volume, approaching 400 dry tons per day. Funding for the pilot scale plant is coming from the Chester County Development Fund and State agencies. 

PMC has full-scale plants in successful operation to convert sludge from chemical, pharmaceutical, and sewage plants. The return on these plants for the clients comes from avoided disposal costs and reduced cost of liability insurance. (Clients have included GlaxoSmithKline, Atofina, Alpharma and Ferro.)

Ken Norcross, a partner in PMC BioTec, indicated that the company is willing to contract on a build, own, operate business model: “I look at it as responsible. I’d want to know that we are partners with the client. They’ll see that we believe in our technology. That PMC will stay with it, optimize it, and maximize the profits. That’s where the big return will be.”

Technology description

PMC BioTec is a Pennsylvania company with an advanced technology using ultra high efficiencies through high-temperature aerobic digestion, ultrafiltration, partial solids recycle to digester, chemical solids treatment, then recycling to digester for final digestion. This results in very low sludge residues but high methane gas production. Capable of digesting great variety of influent waste types.  

“The AFCSM process is a modification of thermophilic aerobic treatment. The waste streams are introduced to a self-heating, completely mixed, thermophilic (45-65oC) reactor for treatment. Effluent from this reactor is sent to a solid separator (e.g., ultrafilter, dissolved air flotation, or other appropriate solid separation device). A portion of the separated solids is returned to the thermophilic reactor while the remaining solids go to a small chemical treatment unit prior to being sent back to the thermophilic reactor for further digestion and destruction.” www.pmctechnologies.com 

Scale: Industrial organic waste treatment addresses flows so large that they demand ‘big-niche’ specializations.  PMC BioTec appears to have assembled the expertise and experience to succeed in this challenging business.  Although PMC Technology has put forth its ‘AFC’ aerobic digestion-combined process as its primary strength, they have the capability to apply other organic-waste digestion technologies, as specific case attributes and conditions may demand.  

Fitting PMC’s modules into Ontario’s farm waste future may warrant clustered co-ops of dairies with crop-residue producers, hog farms with poultry farms and food-processing industries, or cattle finishing with opportunistic forest-waste gathering activities ---  examples of how thresholds of feasibility can be crossed to mutual advantage, all predicated, of course, on zero-discharge, good farming principles.

http://www.pmctechnologies.com/
7.2.5 PRIME Technologies: a large-scale integrated technology failed project

Beginning in 2000 Prime Technologies planned a development that would integrate a 27,000 head feedlot with an ethanol refinery and an anaerobic digester in Pierre South Dakota. Sources for the sixty five million dollars financing for the project were a co-op of 17 ranchers, Prime Technologies, and limited planning grants from USDA and Department of Energy. The partners decided to discontinue the project in Fall 2002 when the post 9/11 market crash, the energy scandals, and low ethanol prices combined to discourage investors from continuing to support it. 

This project is a very useful example of integrating technologies for manure management, although it features a large concentrated animal feed operation (CAFO) as its cornerstone. As we discussed above, opponents are mounting a serious case that such large concentrations of livestock of any kind are unlikely to provide the quality of meat and assurance of environmentally sound production that an emerging market demands. The PRIME model is a way to improve CAFO performance and environmental and financial management, but the large animal operations may be on their way out if they are indeed fundamentally unsustainable. 

The following flow chart indicates the basic elements of the physical model. The residue from the corn-fed ethanol refinery supplies the feedlot with high protein, high growth feed with no animal content. Manure from the feedlot is processed by the anaerobic digestor for methane and fertilizer. The energy center burns the methane to power the ethanol refinery. The fertilizer would help restore nutrients to the soil depleted by corn grown as feedstock to the refinery. 

[image: image1.wmf]MANURE

SUPPLEMENTAL

NATURAL GAS

ELECTRICITY

  DIGESTATE

  WET DISTILLERS BYPRODUCTS (WDB)

    Material Outputs

    Process Inputs

GRAIN

FIGURE 1:  Hypothetical Material Flows Diagram

LIQUID/SOLIDS

DIGESTER

CLIMATE CONTROLLED

FEEDLOT

ANAEROBIC

TO MARKET

CATTLE

FEED MILL

CATTLE

GRAIN

CATTLE FEED

BIOMETHANE

ENERGY

CENTER

LIQUID FERTILIZER

TO MARKET

STEAM

ELECTRICITY

GAS & WATER

SEPARATION &

SURPLUS WDB





ETHANOL

COMPOST

TO MARKET

DRYING

TO MARKET

TO MARKET

CO2

TO MARKET

RECEIVING

GRAIN





PLANT

ETHANOL

& PROCESSING


Ownership of the integrated complex was shared by a coop of seventeen cattle ranchers and Prime Technologies. Department of Energy provided limited grants to support Prime’s R&D and engineering feasibility studies. The project leaders enlisted support from South Dakota’s congressional delegation, the State and local commujnities. 

Prime Technologies Integrated Biorefinery, Pierre South Dakota 

Based upon interview with author and the paper, Philip D. Lusk: Prime Technologies: Commercializing a Better Biorefinery, Presented at Biomass 2002 conference, on Proceedings CD. 

7.3 Case Profiles of Sustainable Farming

7.3.1 Beretta Organic Farms: an Ontario mixed animal and crop operation 

Beretta Organic Farms is a family-operated endeavour committed to providing wholesome meats and produce for people who are concerned not only about what they eat but also about the health and well-being of the planet and the natural world. On our farm we use no chemicals, genetically modified organisms, or artificial fertilizers in our cropping. No antibiotics or growth promoters are used in raising our livestock. Our farm is certified organic by Organic Crop Producers and Processors (OCPP) and Pro-Cert Canada (OCPRO). 

Beretta Farm (located near King City, Ontario) covers over 800 acres of land on which we grow grains (oats, barley, rye and corn), hay, pasture and vegetables (potatoes, beets, garlic) and greenhouse greens. We raise beef cattle, pigs, horses, sheep, turkeys, chickens and laying hens. Some of the farm work is done with our two Percheron horses Ben and Mabel.

The principle component in the rearing of our animals is pasture. At present almost 200 acres are used for grazing the cattle, sheep, pigs and even poultry. The fresh air and exercise is an obvious advantage but there are quite a few other reasons for grazing animals. Much of the land here in King Township is rolling, and rolling land is not suitable to cropping because of the potential for land erosion. When kept in hay or pasture however, the plant roots hold the soil in place, and the animals do the work of harvesting. They also spread their own manure which is vital in maintaining the fertility of the land, particularly on an organic farm, where chemical fertilizers are not permitted.

Our beef cattle herd is out on pasture from early May until November, weather permitting. The cows all calve in May and June out on pasture in a natural setting and this eliminates many of the health hazards associated with herds confined in small areas. The cattle are never vaccinated and receive no growth hormones or antibiotics. If an animal becomes sick enough to require an injection it is no longer sold as certified organic beef, but is instead taken to the local stockyards. 

Amidst the recent concerns over the discovery of Mad Cow Disease in Canada, we would like . . . to explain how our beef is raised. Absolutely all our beef animals are born and raised in Ontario. They are grown on a combination of pasture, hay and grain. All their feed is home-grown and there are no pesticides, fertilizers or genetically modified seed used in growing their feed. There is absolutely no usage of animal by-products in the feed they eat. 

Our pigs are raised very differently than most are in the big factory-farm operations of today. They are not confined to slatted concrete floors in a controlled environment to maximize growth; rather, they are raised with only the highest regard to their welfare. In the summer months they have access to pasture where they . . . dig their snouts tirelessly into the soil. During the winter months, they are kept in large pens with plenty of straw for bedding. Young pigs do not have their tails and teeth cut as is the industry norm. They are fed no routine antibiotics and are raised solely on home-grown certified organic barley and oats. They also devour all the market garden excesses such as beet tops and other greens. We do not use artificial insemination with the sows but rather make use of our large boar, Rocco.

The broiler chickens, laying hens and turkeys are all raised in much the same way as the cattle and pigs. Fresh air, sunlight, grass and bugs keep the birds both contented and healthy. You'll appreciate the difference in the meat compared to the bland grocery store poultry.

The animals are slaughtered at a nearby, provincially-inspected abattoir. The carcasses are hung for a minimum of 21 days in the time-honoured traditional way to improve flavour and texture prior to being cut. We do all our own cutting and wrapping, smoking, sausage making, etc… This makes us truly accountable for the product from farm to table. It also allows us to provide a product that is custom-processed for each unique customer's needs.

Our farm is run by Mike and Cynthia Beretta, their three children, Thomas, Marcus and Lieschen, and Mike's parents, Troy and Anne. We are also fortunate to benefit from the indispensible skills (of a crew of nine farm hands, butchers, chef, and webmaster.) (So the farm supports 16 people plus interns/apprentices.) 

Summarized from http://www.berettaorganics.com
7.3.2 Niman Ranch

Niman Ranch is an indication of growing niche markets demanding higher quality meat produced on family farms with high standards for animal care and protection of the land. 

Niman Ranch has grown in 30 years from a Northern California beef cattle ranch on Point Reyes National Seashore Park land to a national supplier of beef, pork, and lamb with 2002 sales of $31 million. The company is known for its high quality, humane animal practices, and avoidance of factory farm practices. While he has not sought organic certification, owner Bill Niman emphasizes “natural feed, no growth hormones or therapeutic antibiotics, and a sense of stewardship that values the land as a sustainable resource.” He sets strict protocols for the 300 independent family farmers who supply livestock to its processing and distribution network, which includes direct marketing through its web site, www.nimanranch.com . The Niman Ranch label is featured on the menus of top restaurants, specialty shops, and grocery stores. 

Niman says,“By working with a network of independent family farmers, we control our meat all the way from the farm until it reaches our customers. Most meat in the United States goes through many distribution layers before it reaches the consumer. We know where and how each piece of meat is produced and provide direct feedback to our farmers and ranchers about quality.” This tracking has become especially important since the mad cow disease was discovered in Washington in a cow imported from Canada. Niman’s standards call for natural feed, which excludes animal by-products and waste from sick "downer" cattle routinely used in factory farm feed mixes. 

In terms of manure management, the Niman Ranch Beef Cattle Protocol for their own and supplier ranches states: "Niman Ranch livestock must be raised on land that is cared for as a sustainable resource . . . Every necessary step will be taken to ensure that our feedlot has no negative impact on the environment. Manure and runoff will be managed so there is zero discharge into surrounding waterways. Manure will be managed as a beneficial byproduct and we will work with local farmers to ensure maximum beneficial use of manure for fertilizing nearby farms." 

Here, the word "feedlot" refers to the finishing lots. Cattle are removed from their free-range environment and put in finishing lots for the last weeks prior to slaughter -- for marbling. Since Niman cattle spend most of their lives on free range land, their waste absorbs into the soil naturally and causes no problem in California’s environment. Ranchers only need to rotate the cattle to graze sections of the land, to allow for natural recovery to take place.

In 1995 Niman made Paul Willis, an Iowa hog farmer, his sole source for pork because Willis’ standards for animal care and quality of meat were so high. In 1998 they created Niman Ranch Pork as a 50/50 joint venture purchasing hogs from 210 family farms who follow Niman-Willis guidelines. By late 2002 this operation was slaughtering 1,700 pigs a week. 

Farms supplying the animals follow standards established by theAnimal Welfare Institute (AWI), Washington DC, requiring that pigs allowed to behave naturally in outdoor or bedded settings, with ample space for each animal. AWI also requires that farm families own and provide most of the labor for the pigs, in contrast to the practice of contracting corporate owned pigs out to farmers.
   

7.3.3 Joel Salatin Polyface Farm, Shenandoah Valley, Virginia

Joel Salatin's 550 acre Polyface Farm is a model of innovative integration of animal and crop organic farming. This description of it by Salatin is edited from a speech at the Kerr Center in Oklahoma. 
  

As farmers, we are in the landscape business. Whether we have a window box, a backyard or a million acre ranch, the more we can intersect the three basic environments of open land, forest land, and w a t e r, the greater the diversity of plant and animal life. The greater the diversity, the more stable the ecosystem.

All three of these environments must justify their stewardship by being independent profit centers, and it's up to us to figure out how to have multiple, balanced profit centers. Usually a farm will have at least one centerpiece enterprise, but the trick is to hang multiple complementary enterprises synergistically and symbiotically off that primary profit center.

We saw firewood and mill logs on a portable bandsaw mill to generate income from the forest.  Branches run through a chipper produce carbon to lock up nutrients produced in livestock housing situations.

In the winter, when we run out of stockpiled forages and feed hay, the cattle lounge and eat in a hay shed with a vertically adjustable V-slotted feeder gate. We add whole corn to the carbonaceous bedding and let the entire bedding pack build up to four-feet deep. This bedding pack ties down all the 50 pounds excreted daily by the cattle and keeps it from leaching into the groundwater or running off into streams.

The anaerobic bedding pack, containing fermented corn, receives pigaerators in the spring after the cows go back out on pasture. The pigs turn the pack, injecting oxygen and creating aerobic compost.  Intensive controlled grazing maximizes nutrient cycling and cattle performance on pastures. We produce salad bar beef, and believe that no multi-stomached animal needs grain--ever. The only reason to feed grain to a multi-stomached animal is to compensate for improper pasture management.

Moving the cattle daily to new paddocks mimics natural herbivore grazing through short duration, high density patterns. We have not used an ounce of chemical fertilizer since coming to the farm in 1961, and yet average 250 cow-days per acre compared to the county average of 70 in our 31-inch rainfall area.

Two eggmobiles hooked together housing 800 layers follow the cattle in their grazing. The layers free-range a couple of days behind the cattle and scratch through cow paddies to remove fly larvae and spread the dung. In addition, the birds harvest grasshoppers, crickets and other bugs, producing nearly $15,000 worth of eggs annually as a byproduct of pasture sanitation and livestock hygiene. We use no systemic parasiticides.

Pastured broilers housed in portable, floorless pens move across the pasture at about 500 birds per acre per five-week period. We prepare the pasture for the broiler with the cattle and offer a fresh daily salad bar to produce a bird that is light-years superior to fecal factory fare in all measurable areas. We raise about 8,000 birds a year, processing the first in May and finishing in early October, yielding about $50,000.

The feathernet is another pastured egg model in addition to the eggmobiles. The feathernet utilizes highly-portable electrified poultry netting to keep the birds in and predators out, along with hoophouses on skids for shelter and laying boxes The feed sled and houses are all hooked together with chains in train fashion for ease of moving.

Three 150-foot sections of the netting enclose a quarter acre, which is plenty large for 1,000 birds for three days. One person working seven hours per week on five acres can net $15,000 per year with this system. 
We raise turkeys in the broiler pens as well. This acts as a season extender for the infrastructure and stacks an additional enterprise on the pasture. The stacking creates incredible income opportunities and can be done with many different plants and animals. The same acre of pasture on our farm, for example, sees cattle, pastured broilers, eggmobiles and turkeys during the season, adding up to nearly $5,000 per acre, per year.

Our biniary is another example of this. It is a combination production system integrating bunnies, vineyard, and aviary, hence biniary. A totally enclosed 100 foot x 100 foot area divided into four quadrants, it contains twelve grape vines per quadrant. The trellis poles hold up the overhead netting, which protects free- ranging rabbits from predators and keeps jumbo white pheasants in. The rabbits mow the forage under the grape vines and the pheasants debug. The quarter acre can net $5,000 per year because of the synergism of the multiple enterprises.

In the winter, the layers come into hoophouses. The rabbits come in as well, in pens at eye level. The chickens keep the bedding aerated and clean under the rabbits and the combination more fully utilizes the vertical airspace in the facility. When the animals come out in the spring, we plant vegetables into the composted bedding to jumpstart the gardening season and produce premium-priced produce.

When pigs are not doing their aerobic compost turning, they go out on pasture.

Quarter-acre paddocks divided by two strands of electric fencing control the pigs, which we move from paddock to paddock. We train the pigs to electric fence in a corral near the house before taking them out to the fields. Portable nipple-waterers and self-feeders round out the pasturage. This system yields around $3,000 per acre per year.

Guiding principles are:

1. All food production and processing models must be aesthetically and aromatically pleasing, period. Otherwise, it's not good farming.

2. All plants and animals must be produced domestically in a way that most closely approximates their natural setting.

3. All plants and animals should be allowed to express their physiological distinctiveness.

4. The more plants and animals a farm can integrate in close proximity, the better.

1. A farm is a solar collector and should run on current solar dollars; it should generate far more energy than it uses.

One person working seven hours per week on five acres can net $15,000 per year with this system.

7.3.4 Full Belly Farm 

This case illustrates highly productive organic farming with most of crop output marketed directly to consumers and generating many social, and environmental benefits. Although Ontario farmers do not have California’s year round field production they could utilize greenhouses using energy and nutrients from manure processing in order to approach this level of productivity. Baretta Organic Farms compares well with Full Belly as an integrated farm, though the California farm emphasizes crops, not animals..

Four partners operate the 200 acre Full Belly Community Supported Agriculture (CSA) organic farm in Copay Valley, northwest of Sacramento, California. The farm supplies a wide variety of fruit, herbs, flowers, vegetables and animal products to 600 families each week (through drop-sites in urban neighborhoods) as well as to three farmers markets, organic wholesale distributors, stores, restaurants and a clinic for low-income women with cancer. Several restaurants put the farm’s name on their menu when they are using an item from it -- "Full Belly Farm Yellow Finn potato salad." At the height of a season, costs for the organic produce often rival the cost of non-organic food from supermarkets. 

Soil fertility is maintained through cover crops, composting and pasturing of farm animals. The farm has a flock of 100 ewes who usually drop at least 100 lambs each Spring. A few cows and a flock of chickens complete the animal population. Full Belly's grows and markets over 80 different crops; uses cover crops that fix nitrogen and provide organic matter for the soil; and plants habitat areas for beneficial insects and wildlife. This set of strategies allows the farm to integrate farm production with longer-term environmental goals

The farm hires 25-30 full-time farm workers (mostly immigrant workers form Mexico) and 4-5 interns year round. Employees receive compensation above the usual wages paid to farm workers and the farm partners have helped several finance their own homes in California. 

The environmental benefits from Full Belly Farm's mode of operation include reduction of demand on non-renewable petrochemical resources; elimination of pollution from chemical pesticides and herbicides; recycling of nearly all farm "wastes"; preservation of biodiversity in farm plants and animals, regeneration and preservation of soil; preservation of wildlife habitats through hedgerows and native plantings; and enhanced healthfulness of diet for consumers. 

Fully Belly offers many social and economic benefits for the local and regional community. Its style of farming and marketing strengthens the connections between food, land and people. It provides higher productivity and steady employment to a much larger group of employees than industrialized farming on a similar acreage would offer. (Up to 50 people, including children, are supported on 200 acres!)

Many organic farmers in the US and Canada are working in the model of Community Supported Agriculture Full Belly reflects, demonstrating the business, social, and ecological value of organic farming. (Based on personal communications from Full Belly Farm partner, Judith Redmond and www.fullbelly.com ) 

7.4 World Approaches to Manure Management

Industrial and Non-Industrial Energy:  Industrialized nations have lagged behind the rest of the world in exploration and development and application of integrated manure management technologies.  Indeed, the rise of industrial economies has been  dependent on cheap, dirty, fossil fuel energy, usually produced in massive, centralized heating and electrical generation plants.  In the case of electricity, energy is distributed to users who would have little idea how to accomplish their tasks without tapping one or another energy distribution grid, were they to lose “power.”  Natural gas, heating oil and electricity serve their homes; gas, oil, electricity and coal serve much of “industry.”   In the western U.S., nearly all electricity that is not derived from hydro generation is produced from coal (95% in Utah, for example). When we say, “industrial,” therefore, we mean fossil-fuel dependent. 

Conversely, when we say, “pre-industrial,” “third world,” or “agrarian,” we connote a relative absence of fossil-fuel derived energy, a prevalence of energy self-sufficiency and acceptance (for better or worse) of low-energy lifestyles and enterprises, and a great deal of dependence on local, recently produced biological fuels.  Wood, dried manure, and ‘low-tech’ briquettes of pressed crop residues, sometimes with coal and a clay binder, are typical heat sources for cooking.  Electricity for lighting and power is meager, if available at all, for half the planet’s population.  Only as the 20th Century progressed  was there significant effort to develop alternative, biomass-derived fuels.  As these areas approached depletion of fuel wood forests in extensive parts of Asia, in some surprising locations in Europe, and most of Africa and rural South America where populations are burgeoning, they realized that fossil fuels were not viable solutions, except for some coal-rich areas of China and elsewhere.  The history of relatively advanced biomass energy technologies, such as anaerobic digestion, may be seen in this light, as largely a third-world phenomenon approaching transfer to the first-world of industrialized nations.  These biomass technologies began of necessity, and they will inevitably be transferred to more wealthy societies out of necessity.  

Third world motivations for biomass energy development may remain distinct from our own.  Manure and crop residues have not been problems for most of the world, except where water quality has been recognized as a public health disaster.  They have been among prevalent traditional fuels.  Industrialized nations are beginning to turn to renewable energy forms of many sorts in order to prevent further degradation of the planet’s environment, through the full spectrum of fossil carbon combustion impacts --- mining, local and regional air quality, acid deposition, global climate change, to name a few of the most pressing.  While a household in Bangladesh may not be able to cook without the neighborhood anaerobic digester’s biogas output (if they’re very lucky to have it), it is doubtful that Americans will consider cooking with biogas for many, many decades, if ever.   Bioenergy, along with solar, wind, geothermal, wave and other renewables, will increase in use in direct correspondence to the advent of environmental awareness and concern, and the increase of fossil fuel prices.  As long as fossil fuel energy is cheap and subsidized as heavily as it is now, the dominance of renewable energy will be far in the future.

We observe in the American West that you don’t have to get far off the highway in order to be in de facto wilderness, an observation even more true of much of Canada’s great expanses.  Even in industrialized nations, similarly, you don’t need to go too far from urban areas to reach near-third world conditions, in some crucial respects.  This is not to suggest that low living standards are to be found in rural Illinois or Ontario, but rather to note that self-sufficiency, abhorrence of waste, and a desire to live in balance with nature are still concepts commonly understood to some degree.  To be sure, some superficially industrializing nations retain greater degrees of ‘third world-ness,’ corresponding to rural-urban income disparities.  Japan, for example, retains some of these characteristics; South Korea, much more; Russia and the former Soviet Republics of Eastern Europe, more still.  Cities run on fossil fuels, while farming areas and small villages follow the energy and manure management technologies of the ages.

Recent interest in biomass energy, however, has almost exploded, thanks to leadership by some national governments, to extensive academic community research, and to exemplary outreach by agencies at all levels of government, from local university extension offices to the United Nations’ Food and Agriculture Organization (FAO).  Certain foundations have been very instrumental in driving these developments.  China, India, Brazil, the Philippines, and some nations of Eastern Europe have emerged as those most experienced in many types of bioenergy and biorecovery technologies.  

One paper suggests that there is a characteristic pattern of biomass development in developing countries:  

“The development cycle for biomass thus moves in a step-wise fashion.  The first step is the self-use of wood and agricultural residues for cooking, heating and lighting.  Next, investments are made in anaerobic digesters (to simultaneously address energy, environment, and hygiene needs) and in efficient wood and straw fired stoves (to improve the indoor air environment and reduce the depletion of forests for fuelwood).  The final stage is village-scale operation of digesters and gasifiers that provide distributed gas resource to households and enterprises that are not necessarily associated with the agricultural or forestry activities.  Simultaneously, it is possible for industries that process biomass into pulp, paper, lumber, and sugar (from sugar cane) to move from being merely self-sufficient in process heat needs to becoming significant exporters of electrical energy into the regional and national grids.  The key to all of these advances is the availability of highly efficient, environmentally sound and economically viable conversion technologies.”  (R.P. Overend and K.R. Craig, NREL, “Biomass Energy Resource Enhancement:  The move to modern secondary energy forms,”  at http://www.eere.energy.gov/biopower/bplib/library/biomassresourceenhancement.pdf)

It does not go too far to assert that biomass energy is ‘the rage’ globally.  The “sunlight plan” of Japan, the “Green Energy Project” of India, the “Energy Farm” of the U.S., and the “Alcohol Energy Plan” of Brazil are examples of increasing commitment to biomass energy recovery technology development.  While our available information is not proportional among nations useful to survey for this review, we would like to summarize biomass ‘at a glance’ in China, India, Brazil and Europe.  It is worth noting that there is greater use of bioenergy per capita in Europe and the U.S.  than in either India or China, a function of immensely large populations in these demographic giants.

 (ref. http://www.eere.energy.gov/biopower/bplib/library/biomassresourceenhancement.pdf, Overend and Craig, “Biomass Energy Resource Enhancement:  The Move to Modern Secondary Energy Forms,” NREL; Johansson et.al., 1993, Renewable Energy:  Sources for Fuels and Electricity, Island Press).

7.4.1 China:  

Manure-dependent Traditional Agriculture: As outlined in an FAO publication from about the time of Mao’s demise in the 1970s, the culture of agricultural waste re-use probably has not changed much in the past quarter-century (even though China’s population has increased from 0.85 billion to 1.32 billion during these same years, an increment of increase 100 million greater than the present population of Canada and the US, combined):  

“China uses recycled wastes in agriculture on the largest scale.  To the Chinese, there is nothing like waste; waste is only a misplaced resource which can become a valuable material for another product.  This way of looking upon waste is one of the guiding principles of China’s traditional concept of the multi-purpose use of resources and the recovery and re-use of waste materials.  The insistence on the recovery and re-use of waste materials for agricultural purposes goes far beyond the traditional custom.  Since Liberation (1 October 1949, when the People’s Republic of China was proclaimed by Chairman Mao) the country has been aiming at transforming waste into wealth and the protection of the social and physical environment and thus of human health.  It is also viewed as an essential for social development by changing the traditional division of labour and the specialization of work.

“Every manurial resource is carefully collected, conserved and used on the land, so eventually helping to maintain soil productivity in a system of intensive cultivation and acting as a ‘buffer’ against shortages of mineral fertilizer.  At present [1977], about two-thirds of the total nutrient intake is derived from natural manures and heavy reliance on these manures will continue because:

· The Chinese have developed a long standing experience in matching the various types of organic manures to their local soils and it will take some more time to acquire a thorough knowledge of crop behavior, soil quality and the corresponding functions of particular types of mineral fertilizer;

· While mineral fertilizers are relatively costly, organic manures are constantly available locally at little or no cost except in manpower; 

· The commune members prefer organic manure because it increases the organic matter in the soil and improves soil structure; 

· Experiments and soil analysis have indicated that Chinese soils are in general more responsive to nitrogen than phosphate and to phosphate than potash, and that most of these soils have no micro-nutrient deficiencies as a result of long term use of organic manures;

“Construction of fertilizer factories makes great demands on funds, equipment and technical ability.  The development of a fertilizer industry has to be gradual, depending upon internal resources rather than imports.”  (FAO Soils Bulletin 40, 1977, China:  recycling of organic wastes in agriculture).
Big Ideas, Big Programs and Biogas:  The regime of Chairman Mao was inclined to apply small ideas in enormous programs.  Some were disasters of unprecedented magnitude, such as the back-yard blast furnaces for steel production during the ‘Great Leap Forward’; creating millions of hectares of new cropland by outlandish projects, including removing mountaintops, clearing forests and filling wetlands, all in the name of “making grain the key; and massive river diversion projects to increase grain production in arid areas, resulting in cessation of Yellow River flow to the sea for more than two-thirds of the year.  One project that seems to have produced some degree of common good is that of anaerobic digestion of crop wastes, manure and other biomass.  If we overlook rampant forest cutting to feed digesters in some communities striving to meet central mandates, digesters have succeeded in providing cooking gas for literally hundreds of millions of rural peasants, as well as an unknown number of urban residents.  

From early pits in the ground, sometimes lined with brick and sometimes only with clay, to present steel and concrete vessels, Chinese work on anaerobic digestion has progressed rapidly into an industrial age.  Motivations are approaching those of industrialized nations, as well:  water quality concerns, suppression of odors and dangerous gases, manure and crop waste disposal, municipal waste disposal to avoid land consumption by landfills.  Virtually every type of anaerobic digester conceptualized has been tried in China.  Gasification has become widespread, though drying and preparation of gasification fuels is problematic in most areas of the country, some of which are too humid and others, suffering from water shortages.  Nearly every major city has numerous private or “state-owned” enterprises developing and selling equipment for more and more advanced biomass conversion to energy and usable materials.  

Manure from both animals and humans is, of course, still widely used for crop fertilization.  The PRC government has been compelled to recognize the increasing risk to public health, and even more to international business development, presented by disease outbreaks from manure and from animals that carry zoonotic pathogens.  The recent SAARS and avian flu outbreaks have dramatized the threats of even perceived health risk to China’s foreign investment expectations, critical to maintenance of breakneck economic growth rates of recent years.  China has also become the world’s largest consumer of synthetic fertilizers during the decades since Mao’s death in 1976, supplanting manure use in many areas and introducing fertilizer in areas where manure production was not sufficient to meet “grain is the key” expansion of crop agriculture.  

China Entering an Age of Great Change:  Much of this ‘snapshot’ from the late ‘70s appears still to be true in rural areas, (ref. Smil, 1993, China’s Environmental Crisis: An Inquiry into the Limits of National Development, Sharpe), though changes are emerging in addition to the shift toward synthetic fertilizer production and use.  

· Livestock production as a percentage of total agricultural production has nearly doubled since 1970, from about 17% to about 35%.  This trend “…will continue as domestic incomes and consumption  of meat products rise.  The bulk of increased production, particularly pork, will be met by medium- and large-scale intensive animal production operations, which are potentially significant water pollution sources.  Projections … suggest that, within the foreseeable future, their significance could be comparable to the current combined impact of industrial and municipal water pollution sources.  This matter will present a major challenge to environmental protection agencies and relevant units of the Ministry of Agriculture.” (World Bank, 2001, China: Air, Land and Water:  Environmental Priorities for a New Millennium).

· “China may already be the largest producer and consumer of pesticides in the world.” (World Bank, China:  Air, Land and Water)

· Water shortages in the arid north are clashing with coal combustion escalation for electrical generation (inadequate water to wash the coal), and yet coal constitutes >95% of electrical generation.  Water quality and water resource crises are acute across the heavily populated, industrial north.

· Although about three-fourths of China’s population still live in rural areas, migration from rural to urban areas in search of survival and prosperity has become a tidal wave.  More than 100 million people are expected to have relocated from the countryside to cities in the present decade, since lifting of prohibitions against such migration.

· An awakening is occurring that organic municipal wastes may present energy-recovery opportunities.  In a recent project in Dalian, Liaoning Province, these investigators (E. Lowe and I. Weber) were asked to recommend keys to waste management for an ‘economic and technical development zone’ and the city of six million within which the ‘zone’ is located.  We found that >70% of municipal waste is organic, but that little is being done to recover energy, much less resources through recycling.  New landfill cells are being equipped with landfill-gas capture, but despite a palpable sense of desperation in the area, there seems little chance of moving from nearly 100% coal dependence for energy.  Gasification and digestion are both being promoted and researched, but lack of investment prevents mobilization to capture ‘market share’ in the face of very cheap fossil-fuel energy.  

· Methane continues to develop steadily, with 6.88 million families depending on small-scale methane digesters by 1998.  Approximately 60% of China’s rural household energy comes from biomass (UN ESCAP Virtual Conference), but primarily direct-burning of crop residues and wood fuel (~4 billion tons/year).  The roughly 14 million people cooking with biogas constitute only about 0.1% of China’s population, diluting the benefits of what sounds like a success story.  Digesters have reportedly been difficult to manage and maintain, have leaked into ground water, and even been somewhat dangerous sources of hydrogen sulfide and other hazardous gases.  Still, forests have been spared, and standards of living have been elevated for large numbers of people.  

· Nearly 800 medium and large scale digesters exist, and nearly 50,000 more for sewage treatment.  About three million north-China families are participating in a “four energies in one” program to produce methane for direct use and fermentation liquids for land application.  Another 800,000 in the south are practicing the “pig-methane-fruit” program of comprehensive energy use.  Gasification of biomass, fluidized gasification, high-efficiency direct combustion, fast biomass liquefaction, catalytic chemical transformation, manufacture of liquefied oils from biomass, all are subjects of R&D in China.  (Zhao, “Prospects for Developing Biomass Energy in China”).  Centralized biogas-to-electricity projects are discussed, but typically are lower on priority lists than hydropower or coal generation developments.

· Pathogen and parasite control:  “In China, human excrement is traditionally used directly on the fields as a fertilizer even though there is a risk of spreading intestinal parasites and other pathogens.  Chinese biogas plants usually have a settling chamber below the digester where the detention time is very long (about six months), leading to the destruction of more than 90 percent of the intestinal parasites and other pathogens.  Thus, biogas plants perform an important sanitary function in China.”  (P. Rajabapaiah, S. Jayakumar, A.K.N. Reddy, “Biogas Electricity – the Pura Village Case Study,” in Johansson, Renewable Energy, 

· Equipment manufacturing for biomass energy and materials recovery is seen as a major economic development thrust.  The transition to integrated manure management and sustainable biomass utilization in western nations, and in areas such as Ontario, may be aided considerably by the competitive costs of high-quality Chinese systems, which may result from collaborative design and engineering for western, third-world and Chinese applications.
7.4.2 India:  

As in China, a great deal of central government and state government encouragement has gone into biomass technology development.  Case studies abound, and both rural and urban Indians point with pride to examples of digestion and gasification at a great range of scales.  In rural villages, electricity is still scarce, so lighting is by kerosene lamp; heating and cooking by fuelwood, dried dung and crop residues; and cooking is increasingly done with biogas from small digesters, where this technology is available and affordable.  

Efficient cooking stoves have been a major focus, utilizing biomass fuels in lesser quantities than traditional stoves, emitting fewer airborne particulates.   Many run on biomass transformed into liquid, gaseous or prepared solid-fuel form, such as briquettes.  (G.S. Dutt and N.H. Ravindranath, 1993, “Bioenergy:  Direct Applications in Cooking,” in Johansson, Renewable Energy, Chapter 15.)  ‘Open-top gasifiers’ have been developed to replace older ‘closed-top’ models, producing a hydrogen-rich producer gas (unlike AD biogas, rich in methane) that can operate a gasoline engine/generator at about 60% efficiency, or operate a dual-fuel diesel engine/generator at about 75-80% efficiency.  Although wood chips are used as fuel in a case study reported, it is not clear that animal wastes and crop residues could not be used in this type of system.  (H.S. Mukunda, S. Dasappa and U. Shrinivasa, 1993, “Open-Top Wood Gasifiers,” in Johansson, Renewable Energy, Ch. 16).  

India, however, has expended significant resources in development of village-scale anaerobic digesters, often of an upflow-type, for cooking gas and even for electricity generation.  Whether due to greater availability of funds through government sources or an eagerness to experiment and to lead, India has invested even in large-scale biomass-to-electricity ventures of several types.  Anaerobic digestion, gasification to producer gas, pyrolysis and advanced direct combustion have received significant attention.  

The Pura village in south India made the choice of combining resources for converting biomass fuels to electricity, rather than continuing traditionally household-independent approaches to obtaining water, illumination and fertilizer.  

“One of the potentially useful decentralized sources of energy is biogas – an approximately 60:40 mixture of methane (CH4) and carbon dioxide (CO2) – produced by the anaerobic fermentation of cellulosic biomass materials.  Biogas has a calorific value of 23 megajoules (MJ) per cubic meter (m3) and can fuel engines that in turn drive generators to produce electricity. 

“ Many cellulosic biomass materials are available in the rural areas of developing countries.  In particular, because of the huge bovine holdings in many countries such as India, bovine wastes represent a cellulosic biomass source of considerable potential.  Traditionally, these wastes are carefully collected in India and used as fertilizer, except in places where villagers are forced by the scarcity of firewood to burn dung cakes as cooking fuel.  Insofar as biogas plants also yield fertilizer (as a sludge that performs better than farmyard manure), the generation of biogas fuel and/or electricity is a valuable bonus.  

“It is this bonus output that has motivated the large biogas programs in a number of developing countries – particularly in India and China. Almost all biogas programs are based on family-sized plants rather than community biogas plants.  However, family-sized biogas plants lose significant economies of scale; also, their biogas output is suited more for cooking than for running an engine and generating electricity.  In addition, the low body weight of free-grazing bovine animals, particularly in drought-prone areas, can make bovine wastes inadequate to meet cooking energy needs, even though the bovine to human population ratio may seem satisfactory.  In such situations, the use of community biogas plants for electricity generation is worth considering.  Community biogas plants are more economical, but their main problems are social rather than technological:  they bring in their wake serious difficulties of organization and possibly issues of equity in the distribution of costs and benefits.”  (P. Rajabapaiah, S. Jayakumar and A.K.N. Reddy, 1993, “Biogas Electricity – the Pura Village Case Study,” in Johansson, Renewable Energy, Ch. 18).  

Parasites and pathogens:  “…intestinal parasites, which are endemic in rural areas of India, are unlikely to be destroyed in the short detention times of Indian biogas plants.  As a result if biogas sludge [from human wastes] is used as a fertilizer, it is likely to increase the spread  of intestinal diseases.  Moreover, human waste is not traditionally used as a fertilizer in India, and ‘contamination’ of the sludge with human waste may create resistance to the acceptance of a sludge fertilizer.  Hence, human excrement is not used as an input to the community biogas plant at Pura.

“Because nitrogen does not volatilize during anaerobic digestion, the effluent sludge from the biogas plant contains the same amount of nitrogen as the input slurry.  However, the nitrogen content increases as a percentage of total solids (because the latter percentage decreases from 8.5 to 6.7 percent) and, furthermore, is converted into a form that is more readily usable by plants.  Hence, biogas plants are often known as biofertilizer plants.  In fact, anaerobically digested biogas sludge has a higher nitrogen content than farmyard manure obtained by composting bovine dung.” (P. Rajabapaiah, S. Jayakumar and A.K.N. Reddy, 1993, “Biogas Electricity – the Pura Village Case Study,” in Johansson, Renewable Energy, Ch. 18). Biogas sludge stabilizes, the authors state, in open air at about 1.9% nitrogen dry-weight, compared with about 0.9% nitrogen in stabilized farm manure in open air --- sludge with more than double the nitrogen content of dung.

Other nations look to India, as well as to China, to learn of the technological and techno-cultural frontiers of biomass technologies.  
7.4.3 Brazil:  

Hardly a nation on earth exemplifies better than Brazil the immense disparity between urban affluence and extreme rural tradition and poverty (measured by urban standards).  Nevertheless, Brazil has made world-leading effort to integrate biomass energy into its overall energy picture at industrial scale.  Reportedly, in excess of 50% of mobile engine fuel is alcohol (ethanol) from biomass sources, primarily from anaerobic digestion of sugar cane bagasse and other sugar cane residues.  This is easily the single largest application of biomass energy in the world.  

Our literature and Internet survey indicates, however, that Brazil has less relevance to Canadian vectors for manure management and integrated resource recovery.  This is largely true, not only because of Brazil’s tropical climate, soils and vegetation, but also because there seems to be little interest in capturing the inevitably-significant annual manure production from Brazil’s large cattle population.  

8 Quotes

There are a couple of striking statements in essays in Meeting the Expectations of the Land: Essays in Sustainable Agriculture and Stewardship, 1984, North Point Press, ed. by Wes Jackson, Wendell Berry and Bruce Coleman. Maybe some portion of one of these is worth considering. 

"Of course, an agroecological approach is more than just ecology applied to agriculture. Unlike a natural ecosystem, an agroecosystem is constantly affected by human intervention. Hence the interdisciplinary perspective of agroecology also encompasses the field of cultural ecology. The development of agroecosystems is then seen as a process of coevolution between culture and environment, where the two constantly interact and evolve, one affecting the other and both together selecting for the technologies that are applied to food-production systems. An interdependence between culture and environment develops where the productive potential of agroecosystems is kept within sustainable limits. But as agriculture has become increasingly viewed as purely a production system and linked more closely with economics, we have lost sight of the strong ecological foundation upon which agriculture originally developed. 

"In a restricted sense, an agroecological approach is the science of ecology applied to solving agricultural production problems. Agroecologists study the environmental background of the agroecosystem, as well as the complex of processes involved in the maintenance of long-term productivity. A broad goal of such an approach is to understand how cropping systems have evolved, how they operate, and where improvements can be made. This goal is in direct contrast to a restricted agronomic emphasis on individual components and a preoccupation with the harvestable end-product rather than a concern for how productivity is established. Both ecologists and agronomists are concerned with the component parts of the cropping systems they study, but agroecologists base their approach on greater awareness of how ecological relationships function within the context of the agroecosystem. 

An interdisciplinary approach is critical as we strive to gain an understanding of these relationships. Studies of traditional, rural cultures where empirical knowledge has been gained through a process of trial and observation have taught us much about the ecological component of agroecosystems design and management and how interdependent it is with the cultural components. Improvements upon these traditional systems, or the development of new or alternative systems for the future, will involve the integration of ecological and culltural knowledge. Only in this manner can agriculture establish a truly sustainable base." 

Stephen R. Gliessman, "An Agroecological Approach," pp. 170-171, Meeting the Expectations of the Land. 

Meeting the Expectations of the Land: Essays in Sustainable Agriculture and Stewardship, 1984, North Point Press, ed. by Wes Jackson, Wendell Berry and Bruce Coleman.

And an elegant set of principles from Lovins, Lovins and Bender: 

"A renewable liquid fuel program based on biomass feedstocks must adhere to four principles if it is to be truly sustainable -- not merely an alignment of soil mines: 

1. The land comes first. All operations must be based on a concern for soil fertility and long-term environmental compatibility. 

2. Efficiency is vital. Both the vehicle for which the fuel is intended and the means of converting the biomass into fuel must be efficient. 

3. Wastes are the source. Use farming and forestry wastes as the principal feedstocks; no crop should be grown just to make fuels. 

4. Sustainability is a goal. The program should be a vehicle for the reform of currently unsustainable farming and forestry practices." Amory Lovins, L. Hunter Lovins, and Marty Bender, "Energy and Agriculture," p. 80, Meeting the Expectations of the Land. 

And you'll appreciate this by Marty Strange: "...some expectations remain at the core of a healthy or sustainable agriculture's economic structure. Among those expectations are the following: 

1. Farms are family centered. 

2. In our society, a sustainable agriculture should also be owner operated. 

3. If agriculture is owner operated without being hereditary, it is becuase farms are internally financed. 

4. Internally financed, owner-operated farms can function in a market economy only if markets are open." From Marty Strange, "The Economic Structure of a Sustainable Economy," in Meeting the Expectations of the Land, pp. 118-120, omitting the several paragraphs of text under each point. 

And finally Donald Worster's three key points: 

"Slowly, several worthy answers to that large question of the common good in agriculture have begun to emerge in public discussions. They are familiar in one form or another to us all. The task now is to make them as compelling as possible and move them out from under the deadening shadow of profit maximization. 

1. Good farming is farming that makes people healthier. 

2. Good farming is farming that promotes a more just society. 

3. Good farming is farming that preserves the earth and its network of life." Donald Worster, "Good Farming and the Public Good," pp. 37-39, in Meeting the Expectations of the Land (again, omitting text of each of these points). 

"Good farming... is a profession of peace and cooperation with the earth. It is work that calls for wise, sensitive people who are not ashamed to love their land, who will treat it with understanding and care, and who will perceive its future as their own . . . The challenge now is to retrieve that commitment to community from the past, from scattered pockets of rural life, and to find a modern expression for it in this new age of industrial agriculture." p. 40 Donald Worster, "Good Farming and the Public Good,"

"At the heart of any nation's agricultural policy must be its ideal of a good farmer. For a number of years we have told farmers, through our colleges, agricultural magazines, government officials, and exporters, on clear thing: get as much as you possibly can out of the land. We have not told them how many farmers would have to be sacrificed to meet that instruction or how much it would deprive the few who remained of their freedom, contentment or husbandry.... In the not-too-distant future, farming may come to mean again a life aimed at permanence, an occupation devoted to value as well as technique, a work of moderation and balance. That is a shift in which we all have a stake." p. 41. 

And it's always worth recalling John Muir, one more time: "Everything is hitched to everything else." 

Wes Jackson: "Discovering the right balance of cultural and biological information and the balance between information and energy, given the scale of an operation, is necessary for sustainability...." "The Unifying Concept of Sustainable Agriculture," p. 228, in Meeting the Expectations.... 

No silver bullets, no sacred cows.

�  Based on material from � HYPERLINK http://www.nimanranch.com ��www.nimanranch.com� and Joseph R. Hermann, Mark S. Honeyman. Niman Ranch Pork and the ISU Allee Farm: A Case Study, Department of Animal Science, Iowa State University, Northwest Research Farm and Allee Demonstration Farm ISRF02-29. � HYPERLINK http://www.ag.iastate.edu/farms/02reports/nw/NimanRanchPork.pdf ��http://www.ag.iastate.edu/farms/02reports/nw/NimanRanchPork.pdf� �See also, W.J. Brown, 2001. Niman Ranch B A Natural Meat Processor. A Case Study. In A. Schmitz, H. Furtan and K. Baylis (eds.), Agricultural Policy, Agribusiness, and Rent-Seeking Behaviour. University of Toronto Press, Toronto, Canada. or W.J. Brown, 2001. Niman Ranch - A Natural Meat Processor. The International Food and Agribusiness Review. 3 (2000) 403-421.


� The Polyface Farm, "Emotionally-, Economically and Environmentally-Enhancing Agriculture" Joel Salatin's 550 acre Polyface Farm in the Shenandoah Valley of Virginia... www.umbsn.org/good_food/education.
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