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Executive Summary
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The proposed project requested funds for a planning grant to study the
marketability of a poultry litter based anaerobic digester and marketing the valueadded co-products.

The study concentrated specifically on broiler litter. The
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current high cost of energy for heating and cooling poultry houses is placing
enormous pressures on farmers.

Another major challenge facing the poultry

industry today is the disposal of poultry litter.

Health safety and environmental

concerns are leading to new, stricter, regulations on land application of poultry
litter.

An on-farm anaerobic digester system offers a unique solution to these

problems and by definition, adds value to broiler litter by changing it’s physical
state into multiple products such as bio-gas, liquid fertilizers, composted plant
bedding materials, and animal feed protein, that will yield additional revenue for
the producer. The findings of this study have the potential to serve as a model for
future digester installations as well as an educational tool for other poultry
producers.
Goals and Objectives
The overall goal of this project was to find ways to add greater value to poultry
litter than what is obtained by the current practices of using it as fertilizer or cattle
feed.

This can be achieved by converting the litter by means of anaerobic

digestion. Even though anaerobic digestion is a well established technique most
projects in the United States are located on cattle operations and a few on swine
farms. In 2004, the State of Mississippi awarded a grant to Brinson Farms for the
installation of an anaerobic digester on a farm that has 10 poultry houses. This is
understood to be the first on-farm digester in the country based on broiler litter and
has provided the opportunity to execute the current planning grant for assessing
the quality, value and marketability of co-products resulting from this process.
The feasibility of two digester configurations: 1) an on-farm unit that may suffice
the energy needs of the individual farm while providing additional revenue from
associated products and 2) a large centralized unit which could be opearated by a
co-op and receive litter from multiple farms was also considered during the course
of this investigation. The use of anerobic digesters in the broiler industry is very
!2
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innovative and USDA funds have been very beneficial to further this concept in the
multi-billion dollar poultry industry.
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Study Tasks

The following tasks were performed under the proposed marketability study:
1. Characterize and study the marketability of digester co-products which can be
summed up as the 4 P’s: Product, Place, Price, Promotion, for each of the
following value added co-products:
•

Evaluate the conversion of digester bio-gas to renewable energy in the
form of heat for the poultry houses and electricity for on-farm use as well as
resale to the electrical power grid.

•

Post-digestion yield and composition of liquid fertilizers and their potential
markets.

•

Post-digestion yield and composition of compost materials and their
potential markets.

•

Evaluate the potential of liquid fertilizers and compost materials as “organic
fertilizers”.

Results
This study found that the poultry farmer can obtain tremendous benefit from the
implementation of an anaerobic digester unit, whether it is on an individual farm or
a centralized unit serving more than one farm. The pay back period for an on-farm
unit is approximately five to seven years and that for a centralized unit may be less
than five years. The availability of carbon credits as a revenue stream for the
digester owner was not considered in the original analysis, but has emerged as a
valuable component of the overall payback period determination. Similarly there is
other pending legislation in the United States Congress that may further enhance
the viability of animal manure-based anaerobic digesters. The authors of the
report caution that a business model should not be constructed based solely on
legislative credits, due to the time-limited nature of such credits.
!3
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Introduction

As experts predict that mankind is quickly approaching an age where the
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production yield and overall inventory of fossil fuels, particularly petroleum and
natural gas, have reached a point where they are no longer be a viable energetic
resource for meeting societal needs, society must strive to develop an “energetic
portfolio” of numerous contributing alternative energetic sources.

This need for

finding alternative energetic sources actually lies amongst three drivers: homefront economics, national strategic independence, and simple resource availability.
Clearly, the time is at hand when development of promising alternative energy
sources must be accelerated and the most promising options fully commercialized.
The farming community is feeling the weight of the energetic issues discussed
above because they have become manifested in the form of increasing energy
costs.

Broiler farms in South Mississippi are continuously struggling to remain

economically viable within a relatively unstable market due to those economic
factors. Traditionally, these farms were receiving minimal profits from the sale of
the litter produced that historically approached $10 per ton.

Changes in this

market associated with the greatly reduced feeding of this material to cattle and
increased restrictions associated with regional river-shed nutrient inputs have all
but eliminated this small profit line from broiler production income streams. Given
the very minimal margin of profitability sometimes experienced by broil farmers,
even the loss of this additional profit line may drive the farmers into a negative
profitability mode.
Brinson Farms, located near Prentiss, Mississippi, has undertaken a pioneering
initiative to convert the litter produced from their broiler raising operations into a
feedstock for supporting a profitable “biorefinery” operation to be constructed onsite. This biorefinery will be centered with an anaerobic digester that will produce
biogas that will be used to produce electricity using an on-site genset system.
This study was performed to evaluate if the residuals exiting the digester could be
!5
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used to provide additional profit lines. This additional processing and hopefully
additional income is targeted to position the proposed system as a true biorefinery
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producing numerous value-added products.

Scope of Effort

Brinson Farms is currently developing one of the first applications of digestion
technology for the production of biogas via the anaerobic digestion of poultry litter
produced from on-site broiler raising operations. As a result of these operations,
both energy, in the form of biogas (a combination of methane and carbon dioxide),
and the resulting residuals (liquid and solids) will be produced.

The produced

BTUs from the biogas are targeted for use in the production of electrical power
and/or operation of poultry house heaters.

However, to provide a disposal

platform for the liquid and solids residuals exiting the digester and hopefully to
provide an additional profit stream for the entire operation, this assessment of
options for utilizing the residuals as additional profit lines from the digester was
performed.

!
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Initially, it was hoped that the digester would be operational during the
performance of this assessment.

Having an operational digester would have

provided an opportunity to directly analyze the residuals exiting the digester to

D

best assess the potential options available. Unfortunately, the initiating of digester
operations were delayed; however, based on a strong literature review and prior
analyses of both raw and digested (from laboratory runs performed by Mississippi
State University), the assessment was performed using informational resources
already available.

Poultry production in the United States is a multi-billion dollar enterprise, and
Mississippi is the fourth largest broiler producing state in the country. Commercial
poultry production in Mississippi is the largest agricultural enterprise, producing
850,000,000 broilers per year and over $3 billion in annual sales and an economic
impact on the state’s economy to be estimated at $7 billion. The amount of litter
produced is also significant, 3.2 billion pounds per year. A single barn or house
typically holds about 25,000 birds per cycle and there is an average of six cycles
per year. A cycle is considered to be the period specified by the poultry integrator
for birds to reach the desired weight and can vary from 35 to 69 days. The
following is a snapshot of the energy potential in Mississippi if all the litter in the
state was converted to biogas:
•

Number of Poultry growers in Mississippi ~ 2,000

•

Number of Broiler houses in Mississippi – 7,500

•

Number of Broilers produced – 850,000,000/year

•

Pounds of litter > 3.2 billion/year

Background Statistics on U.S. Broiler Industry
Broilers (chickens under 13 weeks old) constitute virtually all commercial
chicken production.
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USDA Economic Research Service
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http://www.ers.usda.gov/News/broilercoverage.htm

•

Total energy cost of all poultry houses in Mississippi - $50 -60 million/
year

•

Potential energy production from all the litter in Mississippi - $55 – 60
million/year

Based on rough estimates, Mississippi’s poultry industry has the potential to be an
energy exporter. There is a large potential for commercialization of value added
products from broiler litter, especially in the major poultry producing states such as
Mississippi, Alabama, Georgia, and Arkansas.

!
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Poultry industry distribution in Mississippi
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Production and Characteristics of Broiler Litter

Before any real assessment of the potential value of the litter for producing biogas
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could be performed, a complete evaluation of several samples of litter collected at
Brinson Farms was performed by Mississippi State University in partnership with
Mississippi Technology Alliance (MTA).

It must be noted that Brinson Farms

during the time of this analytical characterization had previously initiated a new
policy of not adding bedding (historically bedding materials such as primarily
wood-based products such as wood chips, sawdust, or used newspaper was
added). Brinson Farms in collaboration with Tyson determined that the broilers
produced were of acceptable quality (in fact, healthwise they appeared to be
raised with less disease problems).

Of prime benefit was the lack of bedding

amendments which reduced the volume of litter to be disposed.

The lack of

bedding also reduced bulking within digesters with material that does not digest
very well.

!
The results of this analysis is listed below – note that comments concerning how
these data compare to litter traditionally produced with bedding amending are
provided as well:
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Moisture Content: 23% (about the same as most litters)
Ash Content: 22% (this is 40% higher than most litters)
Nitrogen Content: 3% (about the same as most litters)
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Phosphorous Content: 1.2% (about half compared to most litters)
Potassium Content: 3% (slightly higher than most litters)
pH: 9.1 (about the same as other litters)
Thermal Value: 5,400 BTUs/# (about 15% less than most litters)
Protein Content: 35% (about the same as most litters)

The two most intriguing data generated from these analyses are the numbers for
ash content and thermal value. Both essentially relate to the potential of using this
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litter as feedstock for thermal conversion systems, such as combustion or

gasification. In the case of the ash content, the increase in ash is believed to be
due to the lack of cellulose (wood product) associated with the ceasing of bedding
addition to the houses. Hence, the concentration of minerals within the poultry
feed is not diluted to produce less ash on a per weight basis (wood products have
less ash than feed).

Similarly, the thermal energy content of the litter (BTUs/

pound) is also reduced over litter having bedding present. Albeit, these data are
not dramatically different from traditional litters, they do represent a lesser quality
feed for potential input into thermal conversion units.
http://www.nrcs.usda.gov/TECHNICAL/land/lgif/m5651l.gif
http://www.nrcs.usda.gov/TECHNICAL/land/lgif/m5651l.gif
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This difference does not change the potential for digestion. Wood products are
composed primarily of lignocellulosic materials, which are not degraded very easily
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within the deep anaerobic conditions within these units. The lack of bedding only
reduces bulking within the digester. By reducing bulk, the mass transfer within the
digester will increase and required mixing energies reduced – both of which
improves the overall performance of the digester.

Litter
Generation

!

Available
Land

Time
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Introduction to Digestion Technology

In order to fully understand and appreciate the materials entering and existing a
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digester treating litter, the following brief overview of digester operations is
presented.

Digester Microbial Processes
The microorganisms within a digester and the organics in the influent are the two
main components used in the production of biogas.
combination of methane and carbon dioxide.

This gas is primarily a

This section will focus on the

microbiology of these key microorganisms with particular emphasis placed on the
biogas-producing organisms.
The degradation of the organic materials within the waste slurries fed into a
digester is performed by anaerobic microorganisms. This type of biodegradation
process is responsible for many natural processes including the degradation of
detritus in swamps and bogs and the digestive systems of termites and large
animals.

Anaerobic biotreatment is a very popular waste treatment process

particularly for high strength wastewaters and some complex organic pollutant of
xenobiotic origin.

The use of anaerobic organisms, or anaerobes, is popular

because they produce little biomass per unit pollutant removed, require small
amounts of nutrients, and do not use oxygen as their terminal electron acceptor,
which eliminates the need for aeration.

These benefits generally all result in

pollutant removal costs that are lower than aerobic techniques (biotreatment
processes that use microorganisms that do require oxygen).

The negative

aspects of anaerobic treatment are relatively slow degradation rates and the
potential for production of odors via the formation of volatile fatty acids or the
conversion of inorganics to volatile by-products, such as nitrogen to ammonia and
sulfates to sulfides.

!14
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The anaerobic conversion of the waste into biogas is actually performed over a
series of biochemical reactions that occurs within microorganisms. Additionally,
these biochemical reactions are not performed within only one microorganisms,
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but actually many types that combine to formulate the three overall steps of
digestion process: Hydrolysis, Acetogenesis, and Methanogensis.

During the

hydrolysis or liquefaction stage, the complex organic wastes (proteins, lipids, and
complex carbohydrates) are broken down into smaller compounds, or in other
words, organic chemicals with lower molecular weights, primarily sugars.

The

acetogenic stage involves conversion of the hydrolytic by-products into simple
organic acids, carbon dioxide, and hydrogen. Example simple organic acids
include acetic and proprionic acids.

Finally, the methanogenic stage involves

conversion of the simple organic acids into inorganic gases, primarily methane and
carbon dioxide. Of the three conversion steps of the biogas production process,
the methanogenic step is the most difficult and often problematic.

Digester

systems can easily produce too many organic acids upsetting the equilibrium of
the reactor system, often observed by declining pH, which in turn, inhibits
methanogenic activity and finally shutting the overall process down. An improperly
operating digester is easy to detect in that the build-up of organic acids (which are
volatile and quite odorous) becomes apparent with the dramatic increase in odors
emitting from the digester.

!
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In terms of temperature, two operating temperatures can be utilized that actually
impacts the types of functioning organisms. The first is referred to as mesophilic
biotreatment which in terms of biogas production operates best around 95o F. The
second temperature regime is thermophilic which operates in the 130o F range.
Mesophilic biological activity is the most commonly used for biogas generation for
several reasons which includes the ease at maintaining this temperature and most
known biogas producing microbial consortia operate within this range.

Quite

frankly, there continues to be discussion among experts on the merits of
thermophilic digesters in terms of the cost-benefit ratio of this approach. From an
overall biological process perspective when considering many other types of
biological processes (other than biogas production), thermophilic system tend to
yield a higher rate and extent of product conversion. In fact, digesters used to
degrade waste secondary sludge at wastewater treatment plants often operate at
or near the thermophilic regime (sludge digestion is a biogas producing process
almost identical to animal waste to biogas systems). Therefore, several biogas
production experts do favor the use of thermophilic conditions if maintaining this
temperature is reasonable for a given facility/design. It is important to note that
!16
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transitioning back and forth between mesophilic and thermophilic regimes is not
recommended. DOE reports that microbial activity drops off significantly between
103o F and 125o F. They also point out that temperatures less than 75o F also
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have adverse impacts on biogas production.

The optimal pH used for biogas system is far less controversial in that the
commonly used range is between 6.5 and 7.5. Recent research by the primary
author’s research team does present convincing evidence that lower pH conditions
may provide a reactor system capable of high methane production yields within
the produced biogas (this is discussed later in this section in more detail), thus
increasing the energetic value of the gas.

This concept is “researchy”, and as

such, it is suggested that neutral pH conditions be maintained until much more
development on acidophilic (acid tolerant) systems is accomplished.

!
Digester Process Operations
The operation of a digester is targeted toward optimizing the degradation of the
inputted waste into more environmental stable post-treatment residuals and
biogas. The biogas is composed of primarily methane (CH4) and carbon dioxide
(CO2) – typically in approximate molar ratios ranging from 40% methane and 60%
carbon dioxide for poor performing units to as high as 80% methane and 20%
carbon dioxide for highly optimized units. Actually, if the digester is performing
reasonably well, biogas does also contain numerous other gases at much lower
!17
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levels (again, if the digester is operating okay). Example minority gases found in
the biogas produced from decently operating digesters include ammonia,
hydrogen sulfide, phenolics, and mercaptans – all by-products of anaerobic
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decomposition of organic wastes. Many of these chemicals are considered culprit
compounds responsible for causing odors at animal raising facilities. Additionally,
some of these chemicals, specifically hydrogen sulfide and ammonia, can be
highly corrosive and thus damage process components constructed from metals.
The operation of a digester involves four main stages that are listed below:
1 – Raw waste collection
2 – Raw waste pre-digestion preparation
3 – Digestion of wastes
4 – Collection of biogas
5 – Post-digestion residuals preparation
6 – Post-digestion residuals disposal (or utilization)
A brief summary of each process step is presented in the subsequent paragraphs.
Raw waste collection – This step involves collection of the feedstock and placing
in position to be prepared for treatment. Within agricultural activities, this stage is
often one of the most time consuming and expensive operations.

Yet, from a

feasibility assessment of implementing digestion one that does not impact this
decision since waste removal must be done in almost all cases, regardless of
waste management technique employed.
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In the case of Brinson Farms, collection of the raw waste involves the use of
heaving equipment to literally scrape the caked waste materials from the house
floor (a front-end loader is typically used for cake removal). This operation is done
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between each growth cycle (which lasts approximately 30 to 50 days depending
on the farm).

Unlike other confined animal raising facilities, broiler raising

operations produces a waste product (litter) that is very dry compared to dairy and
swine operations (approximately 20% water content).

Brinson Farms has 10

houses holding about 20,000 birds per house. The farm is capable of running five
to six growth cycles per year through its operation. Approximately 250 tons of
waste material is generated per cycle (~1,500 tons per year generated).

Every

year each house is “cleaned out” to remove all built up materials down to the base
flooring of the house. This is done by cleaning out one to two houses per growth
cycle. Clean out adds about another 50 tons per cycle to the collected material to
be digested. In total, approximately 1,600 tons of litter is produced per year.
Raw waste pre-digestion preparation – The preparation of the raw waste or
feedstock is dependent on the condition of the material to be treated. In the case
of wet feeds, such as most dairy and swine operations, no water is added – in fact,
in some cases, some water may be removed via settling or screw pressing. Since
most digesters operate at system water contents less than 12%, then water
addition is a must for poultry litter treatment. Often times, the source of the water
is recycled water collected from dewatering operations after treatment within the
digester. As a point of note, if the assessment performed within this report finds
that water generated from the digester is of market value, then Brinson Farms
must determine the economics of using the water for supporting a market(s) or
return it back for re-slurrying of in-coming raw litter feed. This decision should be
based on life-cycle analysis that considers the market use and associated value
added income streams as opposed to the cost of water input.
Some interesting research is on going concerning more elaborate pretreatment
techniques prior to inputting the raw feed into the digester. Techniques such as
!19
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oxidation of the feed are showing fairly convincing evidence of both increased rate
and extent of digestion. However, if ozone or hydrogen peroxide is used, this can
add a considerable cost to the overall economics of the system. It is suggested
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that these techniques are too “researchy” at this time for use at Brinson Farms. It
may be of value to keep abreast with these developments as they are reported in
the literature.

Eventually, these developing techniques may of value for

implementing at Brinson Farms.
Digestion of wastes – This step involves input of prepared feed into the digester.
Typically, digester units are operating with a solids loading ranging from 1% to
14% - most often with complete mix units tending toward the lower end and plug
flow units being at the upper range bound listed.
concentration at the Brinson Farms system is 5% (w/w).

The designed solids
Retention times are

dependent on the type of waste being degraded. In the case of the Brinson Farm
litter, bench studies at MSU indicated that retention times in excess of 30 days
should suffice.

The resulting biochemical reactions performed by the microbes

result in the production of microbial cell mass and biogas (approximately 65%
methane when properly operating).

It is expected that degradation yields in

excess of 70% of the non-fixed solids should occur (discussed in more detail later
in this report). Hence, the three products or residuals expected to exit the digester
are biogas and the slurry – which is composed of water and undigested solids.
The bulk of the undigested solids should actually be non-digestible solids that are
recalcitrant to the biochemical reactions.
Collection of biogas – The biogas is typically dehumidified as it is cooled via weepwater production. Most biogases require removal of sulfur compounds to prevent
down-stream corrosion problems (as sulfuric acid is formed) by passage of the gas
through iron sponge. Since biogas is not very compressible, it is almost always
utilized within the short time after production.

Note that the thermal value of

biogas is usually about 70% that of natural gas due to carbon dioxide dilution.

!20

RA

Post-digestion residuals preparation – As discussed above, two primary nongaseous residuals will be produced from a digester treating animal wastes. These
are liquids and solids.

The options available for disposal or utilization of these
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residuals will be discussed later in this report. Separation can be performed using
a variety of techniques including screw pressing, gravity separation, drying beds,
or thermal drying.
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Historical use of anaerobic digesters

Anaerobic digester research has been going on since the early 1970s. The
technology has proven to work well, but many of the early digester projects failed
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due to poor designs, and the unavailability of technical support to maintain them
when problems occurred. Later versions of digesters fared much better than the
earlier ones as the lessons learned were applied. A significant barrier to the
adoption of anaerobic digester technology is the cost of the plant itself. In general,
the energy generated from an anaerobic digester is not enough to justify the cost
of the plant, so it is important for the facility to generate additional value through
the production of products such as improved organic fertilizer.
Digester Industry Review and Activity
Introduction
The natural process of anaerobic digestion (AD) is as old as methanogenic
bacteria, yet it was scientifically determined only in the early 1800’s that methane
was a component of gases produced during the anaerobic digestion of cattle
manure. The presence of methane in the gas generated from anaerobic digestion
of cattle manure was first discovered by Sir Humphry Davy in 1808. According to
the literature, the first methane capture AD plant was built in Bombay (Mumbai),
India in 1859, and gas generated from a sewage treatment facility was used for
lighting street lamps in Exeter, England in 1895 (Meynell, 1976 ). Some of the
pioneering theoretical work to identify the role of anaerobic bacteria in methane
production was done by A. M. Buswell and others during the 1930’s in the United
States. (Lusk, 1998) The twentieth century saw considerable amount of studies
and installations of anaerobic digester units based on a variety of feedstocks
ranging from industrial and municipal waste to farm manures. The multiple
benefits of anaerobic digestion are well established today and include:
•

Odor Control

•

Renewable Energy Production
–

Heat
!22
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Electricity

Pathogen Reduction

•

Greenhouse gas reduction

•

Reduction in TOD (Total Oxygen Demand)
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•

In addition to these benefits, anaerobic digester units can provide farmers with
cash savings as well as reduced risk of being subject to legal action and better
compliance with environmental regulations. Furthermore, the farmers are now
assessing the value of other products such as liquid fertilizers and compost type
biosolids for determining the true monetary returns of deploying on-farm anaerobic
digesters.
Farm AD in the US
The first farm-based digester in the United States came on-line in Iowa in May
1972, but the motivation for this farm was to develop an odor control system for
managing swine
manure. Soon
thereafter though the

65%

1970’s energy crisis led
to the search for
alternative energy

35%

sources and the digester
technology started
getting attention.
Figure 5: Operational Status as of 1992 of Farm-Based Digesters in the
U.S. (Source: Rozdilsky, 1998)

Attempts were made to
adapt the sewage

treatment technology for on-farm applications of the complete-mix digesters and
this decade also saw the development of the plug-flow digester for use with dairy
manure. As the cost of fuel declined in the 1980’s so did the interest in AD
systems. 140 systems were installed between 1970 -1990 of which 69 were
installed as university research projects and none of them are operational today.
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The other 71 systems faced a failure rate of more than 60% with poor design and
engineering being the primary culprits as shown in Figure 5.
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Further compounding these issues were the ill-preparedness of the farmers to
adopt this technology. The farmers did not receive adequate training and technical
support. As these systems became large, expensive and difficult to maintain,
there was no service industry to support the operation and repair of these units.
As seen from the graph in Figure 6, there were fewer than 20 operational digesters
in the United States by the 1990’s (AgSTAR Digest, 2000).

!
Figure 6: Installed Anaerobic Digesters in the US as of 1990’s
(Source: AgSTAR Digest, Spring 2000)

The tide began to turn once again in favor of anaerobic digesters in early to
mid-1990. According to a report published by John Martin (2004) there were three
key factors that led to the renewal of this interest in AD technology. It should be
noted that all three were primarily environmental drivers as a barrel of crude oil in
the late 90’s was less than $20 on average. The shrinking distance between
suburbia and farmland meant that the farmers needed cost-effective strategies for
reducing manure-related odors from storage facilities, including anaerobic lagoons
and land application sites. Another environmental factor was the concern of
!24
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negative impacts on surface and ground water quality due to livestock and poultry
manure runoff. The third and final environmental driver was increasing awareness
and concern about global climate change. Methane gas is considered to be 21

D

times as potent as carbon dioxide in terms of green house gas emissions.
The rising environmental concerns and need for waste
stabilization along with the interest in alternative energy
sources led to the creation of the United States
Environmental Protection Agency’s AgSTAR Program in the
1994. AgSTAR is cosponsored by the US Department of
Agriculture (USDA) and the Department of Energy (DOE).
Under the leadership of Kurt Roos, the AgSTAR Program has been very
successful in encouraging the development and adoption of anaerobic digestion
technology. Data from 2002 showed that the number of operational digester
systems in the US doubled in the program’s eight years of existence. The fruits of
the AgSTAR program produced significant environmental and energy benefits,
including methane emission reductions of approximately 124,000 metric tons of
carbon equivalent and annual energy generation of about 30 million kWh. Figure
7 shows the status of farm scale digesters in the US as of 2002 (AgSTAR Digest,
2003).

!
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Figure 7: Anaerobic Digester Status in the U.S. as of 2002
(Source: AgSTAR Digest, Winter 2003)

The development of anaerobic digesters for livestock manure treatment and
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energy production has accelerated at a very fast pace over the past few years.
Factors influencing this market demand include: increased technical reliability of
anaerobic digesters through the deployment of successful operating systems over
the past five years; growing concern of farm owners about environmental quality;
an increasing number of state and federal programs designed to cost share in the
development of these systems; and the emergence of new state energy policies
(such as net metering legislation) designed to expand growth in reliable renewable
energy and green power markets.
AgSTAR now serves as an outreach program that provides an array of information
and tools designed to assist livestock producers (typically swine and dairy farms)
in the evaluation and implementation of methane recovery systems appropriate for
confined livestock facilities that handle manure as liquids and slurries. Gas
recovery systems and digester technologies may provide enhanced environmental
and financial performance (air and water) when compared to traditional waste
management systems such as manure storages and lagoons. Some of AgSTAR’s
publications include the AgSTAR Handbook, the Industry Provider List, and the
Guide to Funding On-Farm Biogas Recovery Systems. AgSTAR as such does not
currently provide financial assistance for digester projects. A unique tool available
from AgSTAR is FarmWare, which is an expert software system that provides a
method of surveying a particular farm for methane recovery application. It provides
details on costs, economics, and system type based on user input through a form.
The AgSTAR Handbook is the companion guide to the FarmWare software, for
which the latest version (3.0) is expected in spring 2006.
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AgSTAR also publishes an Industry Directory that lists resources such as digester
developers and their active projects, academic research institutions and
individuals, as well as equipment supplies. Data in Figure 8, extracted from the
second edition of this directory (revised in 2003), indicates 75 projects being
handled by 13 developers. Seven developers listed were shown with no active onfarm projects. It also interesting to note, that just two developers have handled
72% of all farm AD projects.

Digester Developers' Installations

Figure 8: Number of Developers
and their on-farm AD Projects
(Source: AgSTAR)
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According to Lusk’s 1998 report, he claims that the number of digesters “do not tell
the whole story.” He states that farmers found that even limited returns provided
from electricity and digester co-product sales were preferable to the sunk-cost of
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the conventional waste disposal that provided zero return on investment.
Furthermore, some of the farmers may have been forced out of the business had
they not been able to address the environmental concerns by utilizing AD
technology. This report also identified six prevalent business models for the
digester projects in the Great Lakes region. In simple terms, these ownership
structures have been classified as: a) farm ownership and maintenance of the
entire system including power generation; b) farm owned and maintained digester,
local utility company owned and maintained electricity generation equipment; c)
farm owned digester, maintained by digester developer, electricity generation
owned by local utility; d) centralized digester system with facilities shared by
several farms; e) conceptual model of sharing operational and maintenance staff
among several operational anaerobic digesters; and f) an emerging model of using
digester methane for industrial uses such as a nearby ethanol plant.
All of these digester business models seek to lower the barriers to entry for
deploying on-farm AD technology, but each has its own set of challenges. The first
model for instance, allows the most autonomy for the farmer, but also has the
highest upfront cost for the farm. The farmers’ response to the second model was
also not favorable with the preference to own the energy generation equipment
themselves. Centralized digesters have been demonstrated successfully for
several years in Denmark, but are only feasible in areas of high concentrations of
manure generating farms with close proximity. Existing environmental restrictions
on transportation of manure can be a potential barrier to implementing a
centralized digester.
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Performance Metrics for AD Projects

Any engineering project is only as good as that level of its utilization and resulting
profits. Unfortunately, the review of literature on manure to biogas projects
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indicates that inadequate planning appears to have been done prior to and during
system operation. Many digester systems have been built and many have been
abandoned for a variety of reasons with poor economic returns being by far the
primary reason for project failure. This section presents some suggested metrics
that may be applied to digester projects as a means of evaluating project success
from a variety of perspectives. The reader must realize that “success” can be very
different from a project by project basis. It is realized that in many cases, success
is often dictated by the power pay-back prices provided by the regional power
provider and on-farm energy offset yielded from on-farm power production and
usage (Zappi, et al.)
The following list provided below is presented as suggested parameters that may
provide key performance data that can be used to fully assess all aspects of what
can be considered a “successful” application. This list addresses both
environmental and economic performance specs.
Technical/Environmental Metrics
Gas Quality and Quantity:
Methane, carbon dioxide, ammonia, hydrogen sulfide, biogas production
rate and volume
Influent and Effluents:
NPK, COD, BOD5, total solids, volatile solids, fixed solids, pH, alkalinity,
volatile fatty acid (VFA) concentrations
Digester Parameters:
pH, temperature, ammonia, conductivity
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Economic Performance Metrics
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Net worth of power produced
Energy input into farm system
Energy input into the grid
Energy bill reduction
Gross Profit
Net Profit
Return on Investment

!
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Methane Emissions
Methane emissions were estimated based on the methodologies used for the Inventory of
U.S. Greenhouse Gas Emissions and Sinks: 1990-2002 (USEPA, 2004). These
methodologies were developed by the International Panel on Climate Change (IPCC) and
presented in Good Practice Guidance and Uncertainty Management in National
Greenhouse Gas Inventories (IPCC, 2000).
Methane emission estimates were developed for each state and animal group using the
equation presented in Figure 7. A sample calculation for two types of manure
management systems is shown in Figure 8. For swine, total volatile solids (VS) was
calculated using a national average VS excretion rate from the Agricultural Waste
Management Field Handbook (USDA, 1992), which was multiplied by the average weight
(TAM) of the animal and the State-specific animal population. For dairy cattle, regional VS
excretion rates that are related to the diet of the animal were used (Peterson et al., 2002).
Methane conversion factors (MCFs) were determined for each type of manure
management system. For dry systems, the default IPCC factors were used. MCFs for
liquid/slurry, anaerobic lagoon, and deep pit systems were calculated based on the
forecast performance of biological systems relative to temperature changes as predicted
in the van’t Hoff-Arrhenius equation. The MCF calculations model the average monthly
ambient temperature, a minimum system temperature, the carryover of volatile solids in
the system from month to month, and a factor to account for management and design
practices that result in the loss of volatile solids from lagoon systems. Methane conversion
factors for each state are shown in Figure 9.
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Figure 7. Methane Emissions Equation

Methane Emissions = Population x TAM x VS x MCF x B0
where: Population = 2002 state animal population TAM = Typical animal mass, lb VS = Total
volatile solids excretion rate, lb VS/1,000 lb live weight-day MCF = Methane conversion factor,
percent B0 = Maximum methane producing capacity, ft CH4/lb total volatile solids
For dairy cows, B0 = 3.84 (Morris, 1976)For swine, B0 = 7.69 (Hashimoto, 1984)
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Biogas Production and Electricity Generating Potential
The estimates of the biogas production potential from dairy cow and swine manures
presented in this report are based on the following approach:
•
For swine manure, evaluations of the performance of a covered lagoon and a
mesophilic, intermittently mixed digester suggest that both systems provide
approximately the same degree of total VS reduction, 45 percent (Martin, 2002,
2003). In addition, the methane yield for both systems was similar and averaged
3

•

12 ft per lb of VS destroyed This value is within the reported range of values for
methane production from municipal wastewater treatment biosolids).
For dairy manure, results from two studies indicate that mesophilic plug-flow
digesters with a 20-day hydraulic residence time (HRT) produce between 38 and
3

39 ft of methane per cow-day (Jewell et al., 1981; Martin, 2004). For this report, a
3

value of 38.5 ft methane per cow per day was used. Although actual HRTs may
vary, a 20-day HRT is the standard design value.
•
•

To calculate the energy content of biogas produced in swine and dairy digesters, a
3

heating value of 1,010 BTUs per ft methane was used.
Based on performance data for engine-generator sets obtained from Caterpillar,
Inc., it has been suggested that the maximum thermal conversion efficiency of
biogas to electricity is 28.5 percent (Koelsch and Walker, 1981). However, sizing
biogas fueled engine-generator sets to operate at maximum output is difficult, and
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these units cannot be operated 100 percent of the time due to maintenance and
repairs. Accordingly, a thermal conversion efficiency of 25 percent and an on-line
operating rate of 90 percent was used. Based on these factors, electrical output
3

was estimated at 66.6 kWh per 1,000 ft of methane.
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Benefits of anaerobic digesters
Health, safety and environmental concerns are leading to stricter regulations for
land applications of poultry litter, and the rising cost of energy is a significant
problem for today's poultry farmers. The Brinson facility provides a unique solution
to these problems and adds value to broiler litter by changing its physical state into
multiple products such as biogas (methane), liquid fertilizers, and composted
materials (class A Biosolids).
Additional value is added to the biogas where economic benefits are realized from
the production of farm-based renewable energy. The biogas is used to heat the
poultry houses by direct combustion in forced air heaters as well as to generate
electricity in an on-farm generator. Excess electricity is sold back to the electrical
power grid. Additional value is also added to the co-products of post-digestion that
yields liquid fertilizers that now can be sprayed and/or injected into the soils to be
directly absorbed by the intended plants and trees. The unused portions of this
liquid fertilizer and dried compost material are used as additional revenue sources.
Biogas energy
Methane is an excellent energy source, so efforts to utilize methane emissions can
provide significant energy, economic and environmental benefits. Around the
world, many companies and institutions are working on methods to utilize
otherwise wasted methane emissions by implementing cost-effective management
methods and technologies like anaerobic digestion.
The methane generated by anaerobic digestion has significant energy value, and it
can be utilized as heating fuel and as a fuel to power electrical generation
equipment. The amount of energy created by an anaerobic digestion system can
be more than the amount of energy the farm normally uses, and any excess can
be sold into the power grid.
The total energy cost of all the poultry houses in Mississippi is about $50 - 60
million/year. If all the poultry litter in the state was processed into biogas, this
energy cost could be reduced to zero. Based on rough estimates, Mississippi’s
poultry industry has the potential to be an energy exporter.
Biogas contains about 60% of the energy and natural gas in about 25% of the
energy in propane by volume. It is typically comprised of 60% methane, 40%
carbon dioxide and small amounts of hydrogen sulfide. Hydrogen sulfide can
combine with water to create sulfuric acid, which can be extremely corrosive to
mechanical components within some systems. For this reason, scrubbers are
used to remove the hydrogen sulfide before the biogas reaches compressors and
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engines. Note that some compressors and engines are designed to work with
unscrubbed biogas.
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The biogas produced will be used to generate electricity and the normally wasted
heat from the generator will be captured to heat the digester. The electricity
generated will be used on the farm, and any excess electricity can be sold to the
local electricity supplier. Electricity produced by anaerobic digesters is considered
to be green energy and may qualify for government subsidies such as
Renewables Energy Certificates (REC’s).
Since the methane is captured and burned rather than released directly into the
atmosphere, and the carbon dioxide thus produced comes from an organic source
with a short carbon cycle, biogas does not contribute to increasing atmospheric
carbon dioxide concentrations. Because of this, it is considered to be an
environmentally friendly energy source.
Class A organic fertilizer / compost
This system will produce a concentrated high grade Class A Organic Fertilizer that
can be used for row crops, forage, timber, irrigated crops, citrus plantations and
many other uses. Anaerobic digestion is a proven method of stabilizing
organically-based substrates into high quality organic matter sources which are
highly suitable for horticultural, turf and agricultural applications. Along with the
liquid organic fertilizer, the system will generate organic solids, which can be
separated to create Class A Organic Compost. The high organic matter content
and biological activity of this compost makes it effective for use in a variety of
environmental applications. These applications include erosion control,
bioremediation, biofiltration, wetland mitigation and reclamation.

BENEFITS USE TABLE

* Improves the soil structure, porosity, and bulk density – creating a better
plant root environment
* Increases moisture infiltration and permeability of heavy soils – improving
drainage and reducing erosion and runoff
* Improves moisture holding capacity of light soils – reducing water loss
and nutrient leaching
* Improves and stabilizes soil pH
* Improves cation exchange capacity (CEC) of soils – improving their ability
to hold nutrients for plant use
* Supplies significant quantities of organic matter
* Supplies beneficial microorganisms to the soil – improving nutrient uptake
and suppressing certain soil-borne diseases
* Can bind and degrade specific pollutants
Field trials have been used to test poultry waste digested liquids and solids
as fertilizers:
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1) Potato trials show that 2x liquid effluent treatment compared to
commercial chemical fertilizer statistically produced better marketable
numbers and weight fruit.
2) Tomato trials show that 2x liquid effluent treatment compared to
conventional commercial fertilizer for the same crop produced 3 times
the number of fruit and marketable fruit weight.
3) Broccoli crops showed statistical improved difference with 2x liquid
effluent treatment over chemical products.
4) Beit alpha cucumbers grown hydroponically had statistically significant
gains over commercial fertilizers. Average 84 g compared to 75 g.

Many trials are reported today with the poultry digested liquids showed a
greater percentage of grade 1 fruit (33%) compared to commercial treatment (26%
grade 1 fruit).

ORGANIC SUPERIOR TO CHEMICAL
For countless ages the fertility of the forest soils was maintained through the reabsorption of
nutrients from decaying organic matter on the forest floor. In more modern times this cycle has
been disrupted, and chemical fertilizers are used, almost exclusively, to grow our crops, grasses
and flowers.
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Chemical fertilizers lack the critically important elements needed to ensure the long term
productivity of our soils. These fertilizers, for the most part, offer only N-P-K (NitrogenPhosphorous-Potassium).
When a farmer or gardener purchases a 50 pound bag of triple 13, he or she receives 6.5 pounds
of N, 6.5 pounds of P, 6.5 pounds of K, and 30.5 pounds of inert material.
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When that same farmer or gardener buys a 50 pound bag of our organic fertilizer, he or she will
receive fifty pounds of plant and soil nutrients, essential minerals, and other elements which
enhance soil productivity and nourish soil microorganisms.
Organic fertilizers improve the cation exchange capacity, or "CEC's" of the soil. This allows for
improved uptake of nutrients by the plant. Organic fertilizers reduce leaching, which is of
particular concern in sandy soil. Leaching moves nutrients away from the plant roots and into the
subsurface water.
Sometimes it takes a few years to repair the damage done to over-worked soil. Several organic
growers have reported that after three or four years, the amount of fertilizer that's needed is
reduced. In some instances application of anything except lime or a small amount of nitrogen
may be postponed till the next season.
The July/August, 1999 issue of "Biodynamics" published a report from a clinical nutritionist, which
found that, in a side by side comparison, organic crops had 10 to 20 percent higher nutrient
levels than conventional crops and less toxicity.
If you wish to know the right fertilizer for your particular application, you should have your soil
analyzed. If you don't know your soil nutrient requirements, you should use a balanced fertilizer
such as our 5-5-5.
Always take into account the needs of your plants. Remember that "N" (Nitrogen) promotes
growth of leaves and foliage. "P" (Phosphorus) is required for development of flowers and fruit,
and "K" (Potassium) is needed for root development and cold hardiness.
Remember also, while NPK is required for plant growth, more is needed, and our products will
provide that for you. Our fertilizers and feeds contain the following essential minerals: sulfur,
magnesium, calcium, sodium, iron, selenium, manganese, copper, zinc, and boron. Few if any
chemical fertilizers offer any of these important nutrients.
Ours is not a composted product. The process of composting may not always generate
temperatures high enough to kill all pathogens and weed seeds. Our products are examined
regularly, at independent labs, to prove to our regulating agencies that our products are free of
bacteria, parasites and weed seed.
It is reported that cattle and deer will graze plants fertilized with Agreaux products before they eat
chemically fertilized ones. We like to assume that this is because they are seeking better taste,
better nutrition or both.
A 3-3-3 is the basic ingredient used in all of our blends. It too is listed by OMRI for use in
production of organic food and fiber. It is derived from poultry litter, a product that has long been
recognized as one of the best all-around natural fertilizers. Old-timers will tell you that "the trees
where the chickens roosted always had the most and the best fruit." In one test at an
independent land grant university, our 3-3-3, when applied at the same level of nitrogen
availability, produced more tomatoes of better size and quality, than were produced with 13-13-13
chemical fertilizer. One commercial grower advised us that over the six years that he has used
our products, his soil analyses indicated that he could skip fertilization for two years. The
improved health of his soil and the residual effect of the fertilizer allowed him to enjoy unexpected
savings. This is in 20# bags for $6.85 plus shipping.

About OMRI

The Organic Materials Review Institute (OMRI) is a 501(c)(3) nonprofit
organization that specializes in the review of substances for use in organic
production, processing, and handling. OMRI's Board of Directors is broadly
representative of the industry segments with members distributed among
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agreaux organics™
info@agreauxorganics.om

Report on heavy metals in organic fertilizers- OMRI

http://omri.org/AdvisoryCouncil/Metals_in_Fertilizers-b6-2005-02-14.pdf
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Renewable energy credits

Outside of the value added products produced, additional financial advantages are
generated. For each kilowatt-hour of electricity produced from chicken waste, the
IRS will allow a 1.9 cent tax credit to the producer. For every ton of chicken litter
used in the digester there are pre-calculated carbon credits produced, which can
be traded between the US and Europe for an approximate value of about $18
each. There are also green credits that can be traded.
Environmental benefits
Another value to this system is the avoidance of the environmental costs of
applying raw poultry litter to the land. When the typical poultry grower applies dry
waste to the land as fertilizer, the litter has to receive moisture before the nutrients
within it can be absorbed by the plants. During this time, the ammonia compounds
and methane in the litter escape into the atmosphere. When the rain does come,
a lot of the phosphorus attaches to the soil particles and end up in the surface
waters. Those contaminated surface waters can either end up in drinking water or
in the Gulf of Mexico. Over time the buildup of litter on the soil causes a
phosphorous overload, and there are many areas in Mississippi that have reached
phosphorous saturation today. For this reason, the Mississippi Department of
Environmental Quality (MDEQ) has described anaerobic digestion as their
preferred method of poultry waste disposal.
Using anaerobic digestion to process biodegradable materials such as poultry litter
helps to reduce the emission of methane, a greenhouse gas that significantly
contributes to global warming.
Methane (CH4) is emitted from decomposing poultry litter, and remains in the
atmosphere for approximately 9-15 years, and since it is over 20 times more
effective in trapping heat in the atmosphere than carbon dioxide, methods to
control methane emissions are considered very important.
Poultry litter is typically disposed of by spreading it on fields, where it will break
down naturally and create methane, which will escape directly into the atmosphere
rather than be utilized as fuel. By using a digester to capture the methane and
generators to burn it as fuel (converting it to carbon dioxide for the most part) the
harmful impact of methane emissions can be reduced and energy can be
captured. Because of this, anaerobic digestion is considered to be a sustainable
technology and a good source of renewable fuel.
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Evaluation of the Characteristics of Post-Digester Residuals

The key components of digester slurry to be considered within this report that are
This
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considered of value are nutrients, organic matter, and inorganic matter.

section will detail the estimated condition of the solids and liquid existing the
digester in the form of the effluent slurry.
Expected Solids within the Slurry
Brinson Farms has 10 poultry houses with each one containing 22,000 birds per
cycle. With six cycles processed each year this yields a total of 1,320,000 broilers
produced each year. As per Brinson Farms personnel, each house will produce an
estimated 15 tons per house/cycle which comes to 275 tons per cycle or
approximately 1,600 tons per year of total litter.
In terms of solids balance, most digesters should achieve greater than 60%
reduction of total non-fixed solids with removals in excess of 70% not uncommon.
In terms of volatile solids degradation, many systems achieve removals in the 70%
to 90% range. A conservative estimate is that 60% of the litter will be digested
thus meaning that on an annual basis the system will produce 640 tons per year of
residual solids existing the digester (or 1,280,000 lbs. per year of residual solids).
Any use of the solids exiting the digester would most likely involve dewatering and
maybe even drying of the solids.

As discussed above, numerous dewatering

equipment types are available for use at biogas to power facilities.

Most often

screw, screens, or drying beds are used for dewatering. There are also a variety
of drying unit processes that may be applied within a farm setting; however, the
cost benefits of adding a drying step should be carefully studied with operations
costs and known markets providing key insight as to the economic feasibility of
this option. Hence, dewatering via screw presses possibly followed by open air
drying are the only likely two water reduction processes to be employed upon
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operation of the system at Brinson Farms. The estimated water content of the
final dewatered solids is expected to be in the 20% to 40% range.
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Of the chemicals postulated to be found within the residual slurry exiting the
digester, the solids are expected to be composed of primarily nutrients and
minerals.

It should be pointed out that some digester systems treating animal

wastes from agricultural activities report a significant market for the fibers within
residual digester solids. However, the vast majority of these are diary operations
that do have significant bedding ending up within the digester inputs. However,
since the broiler operations at Brinson Farms do not involve bedding or any other
form of fiber (lignocellulosic materials), then the residual solids exiting the Brinson
Farms system are not expected to have a marketable volume of digester fibers.
The primary value of these solids is believed to be the nutritional component for
use as fertilizer.
No biological process on a practical scale performs 100% conversion if operated
within a realistic amount of time.

Hence, the solids are expected to contain both

untreated or partially treated solids and digester microorganisms – the actual
amount is difficult to predict but based on observations with sewage sludge, it is
estimated that approximately 30% of the solids will still be unstable. The unstable
component of the solids may very likely have potential to have a remaining BOD
and the potential to produce odors and attract flies.

Both of which may pose

handling and environmental problems.
The nutrients are of prime interest because they likely are of the highest value in
terms of a potentially marketable material as they can be possibly used as a
fertilizer source. Nutrients include compounds containing appreciable amounts of
nitrogen, phosphorous, and potassium (or N:P:K). The organic matter may also
serve as an additional value component in that this fraction may be used to
increase soil organic content – however, it will be of much lower value and very
likely must be tied to the nutrient fraction to be of any value. The organic fraction
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is likely made up of undigested proteins, carbohydrates, organic acids, phenolics,
and bacteria.
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Most of the nutrients entering the digester are converted into reduced forms of the
inorganic constituents.

Hence, nitrogen goes to ammonia, phosphorous is

liberated from organically bonded forms into inorganic phosphate or lower
molecular, more soluble organics forms, with potassium also following the same
fate as phosphorous in terms of likely being liberated from organic sources. DOE
reports that solids produced by digesters handling animal wastes often contain
ammonium, phosphate, potassium, and more than a dozen other minerals that
make this product of value as a soil conditioner.
A review of literature indicates that the digestion process will reduce very little of
the nutrients originally found in the litter.

The Oregon Department of Energy

reports that digesters are reported to reduce the nutritional content of the incoming
waste slurries by approximately 25%; thus, indicating that the nutrients within litter
entering a digester for a large part will remain as viable nutrient sources – albeit
some of this fraction may be converted into a more reduced form, such as nitrate
to ammonia (and sulfate to reduced sulfur compounds, such as hydrogen sulfide).
This level of nutrients remaining within the post-digested residuals should be of
potential agrarian value for its fertilizer content. Therefore, the NPK value of the
solids is estimated to be approximately 2.5:1.5:2.5 based on the initial
concentrations found in the raw litter.

Expected Water Quantity and Quality Post-Digestion
Poultry litter contains low amounts of free water (about 20% water by weight) as
compared to other animal raising wastes, such as dairy (contains ~95% water) or
swine (contains ~98% water). Therefore, to reach the low solids content within
digesters considerable amounts of water must be added to achieve this goal.
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Assuming a 5% solids concentration is used within the digester(s), then for every
ton of litter to be added into the digester approximately 4,300 gallons of water
must be added.

This represents an annual volume of water to be added to the
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litter for the digestion system (assuming a target of 5% w/w solids concentration)
of 6,880,000 gallons.

When considering evaporation and other water losses, 7

Mgal per year of water will be needed.

This is not a particularly large water

demand – in fact, it represents about the same amount of water that 130 people
would use on an annual basis within the US (average American uses between 150
to 200 gallons per day of water).
One consideration that must be addressed in terms of potential later marketing
strategies for the water phase of the digester slurry exiting the digester is the value
of the liquid as recycle water that may be used to slurry more litter entering the
digester as influent. This usage has some benefit in that the water may likely act
as a pretreatment source of microbial seed that will be thoroughly dispersed within
the digester.

However, there is potential that overuse of this water may add

chemical/biological inhibitors into the digester that may actually have an adverse
impact on system performance.

Hence, it is proposed that some strategy be

considered to utilize a portion of the effluent water as feed to produce new slurry.
It is proposed that an option would be to recycle back 30% of the water indicating
that approximately 5 Mgal of residual digester water will be available for use as a
potential value-added product on an annual basis. Note that some strategy ideally
based on testing be set-up for determining the extent of recycling used.
A key aspect of the water produced within digester from a value-added perspective
will be the fertilizer value of the liquid.

A review of the minimal amount of

information available in the open literature coupled with some estimates of
concentrations based from past experience with bioreactors, the following nutrient
concentrations are estimated to be found in the liquid residual: 5,000 mg/kg of
total N; 3,000 mg/kg of total phosphorous; and 6,000 mg/kg of total potassium
(note that 1 mg/kg = 1 mg/l). In other terminology, this represents the following
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nutrient levels as presented from a total weight percentage basis of 0.5% as N,
0.3% as P, and 0.6% as K. The expected pH values are expected to be within the
neutral range.

This liquid is also expected to contain appreciable amounts of
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organic materials – likely in the form of traditional reduced organics (phenolics,
mercaptans, and low molecular weight organic acids) and residual manure,
carbohydrates, and proteins that escaped degradation within the digester.

An

estimate of the organic fraction in the form of total organic carbon is very difficult to
make. However, based on a review of reported COD values for liquid effluents
exiting the digesters tend to range from several hundred mg/l to several thousand
mg/l. However, given the apparent high level of degradation expected from the
organics within poultry litter, it is expected that the COD should fall within the
several hundred mg/l range.

The expected TOC or total organic content of this

liquid based on observed comparison of COD to TOC concentrations seen in
similar studies is roughly estimated to be that TOC concentration will be 1/10 the
concentration of COD. Hence, the TOC of the liquid is expected to be in the tens
of mg/l.
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Preliminary Marketing Analysis
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Identification and analysis of potential co-products in order of commercialization
potential. The commercialization potential will be defined by determining the
Porter’s Five Forces of each co-product market. (Porter’s Five Forces, determines
market viability or profitability, includes an analysis of the bargaining power of
suppliers, the bargaining power of sellers, the number of competitors in the
industry, the threat of new entrants and the threat of substitute products.)
To define these more clearly an example of liquid fertilizer is given. Taking the five
forces in order: 1.) Bargaining power of suppliers or in other words the bargaining
power of the producer. If the producer is the only one in the market producing this
unique and desirable product then the producer has a very favorable and strong
bargaining position, which bodes well for a potentially profitable market. The
opposite of the 2.) bargaining power of the buyer is also true. If everyone is
producing this product and the producer is one of many trying to sell it then the
buyer has the pick of many options and has a strong position, which is not
favorable for a profitable market. 3.) The threat of substitute products is simply
whether another product can come along and replace it. For example if other
products can be used or combined to give the same benefits as the liquid fertilizer
product then the threat would be high. 4.) The threat of new entrants deals with the
barriers to the market. Example barriers to the market are: if a stringent regulatory
agency regulates who produces, like FDA, or if high franchise cost exist or territory
agreements exist. These all present significant barriers to entering a market and
can curtail new entrants. The barriers will need to be studied in order to determine
the barriers of getting into the fertilizer market. Last, 5.) number of competitors in
the market will divide the amount of market the producer can capture. The smaller
the market share the smaller the profit potential in a market.
MAEE will perform the co-product commercialization analysis by performing
literature reviews and researching professional reference guides such as Dun and
Bradstreet reports and NAICS.
Identifying the Marketing Mix/ 4 P’s of each co-product. This will be a major task
and cannot be completed until testing of each product has been completed,
because the testing will determine the composition of each product and will
determine the market that it will compete in.
To define the product it can be discussed in terms of quality, design, packaging,
warranties, services, sizes, features, etc…. An example would be that the liquid
fertilizer is defined in terms of Nitrogen (N) Phosphorus (P) and Potassium (K) and
the respective amounts as well as the total production amount.
To define the price it can be discussed in terms of list price, savings incurred, etc…
An example of this would be the retail price that the liquid fertilizer can be sold at
and the wholesale price the fertilizer can be sold at.
To define the promotion it can be discussed in terms of advertising, sales force,
direct marketing, etc… The correct promotion method will be determined by a
number of factors; some include, the amount produced, pricing scheme, and target
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market. For example lets say you decide to sell compost in a bag. Does the
quantity of production and margins suggest a mass marketing campaign that you
can run TV ads and sell through Wal-Mart or does the production quantity suggest
word of mouth marketing and sale through the local feed and seed.
To define the place it can be discussed in terms of market channels, locations,
transport, etc…Liquid fertilizer lends itself to certain channels better than others
given the amounts and the location of the farm. If only 100 gallons is made then
maybe the place the product is sold should be the local co-op in the county. If
100,000 gallons are made maybe it can be blended into a commercial production
center and sold via 18 wheeler.
MAEE, MSU and Agripure will perform this task by assigning each co-product to
the appropriate entity. Each entity will conduct literature reviews, interviews of
respective field experts and industry entities. Each “P” in the marketing mix will
require expansive research and knowledge about the Brinson farm unique
situation.
Identify Social and
governmental parameters that
Permitted levels
effect fertilizer spreading
programs. As litter spreading
builds and builds and
economic sanctions grow and
grow an apparent impasse or
cross section comes about that
Time
will one day spell out the doom
for spreading programs. Basically, the amount of phosphorus and other chemicals
in the soil are compounding with each additional clean out process. On the other
hand the environmental permits stipulate lower and lower levels even from the
year before. This is an impossible shell game that will soon come to an end and
the only solution is to enact a policy or implement a technological solution that can
provide for both disposal and environmental regulatory needs. MSU Extension
Service will perform this task by drawing from previous presentations and
publications. MDAC and MDEQ will be heavily involved in determining the impact
of these regulations.
Mississippi’s infrastructure (utilities, transportation)
Transportation- This section will describe the interstate and major highway systems in
Mississippi and their access to future fertilizer markets. The description will include the
costs of truck transportation (fuel, fees, load limits, regulations if applicable) and maps of
major highways systems in Mississippi.

Utilities- The section will list the gas and electric utilities serving the counties in
Mississippi. Within this list the study will provide maps of the natural gas pipelines
and major transmissions lines. A comparison between costs of electric service for
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poultry farms by different utilities in Mississippi and an assessment of rates and
costs change by size of the poultry farm.
The study will also discuss the pro’s and con’s of distributed generation systems
on the traditional utility grid system.
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MAEE will perform both of these task by coordinating with Mississippi
Development Authority (MDA), Southern Pine Electric Power Association, which is
the Brinson Farm electric service provider, Blossman Gas and Mississippi Valley
Gas large fossil fuel distributors in Mississippi. A literature review will be performed
of previous studies to create the respective maps.

Potential Markets for Digester Slurry Components (Solids and Liquids)
Technical Testing and Analysis
Co- Product Testing: A range of co-products will be produced from the anaerobic
digestion of the broiler litter. Some of these co-products are liquid fertilizer,
compost material, electricity, and heat. Each one of these co-products requires
testing in order to truly compare them to commercial grade products in the
respective areas. An ongoing series of samples will be tested in order to ensure a
quality evaluation of the composition of each co-product. Dr. Mark Zappi from the
MSU Swalm School of Chemical Engineering will be performing test along with the
control laboratory of MCC. These results will be compiled and placed into the
report in a clear concise manner that can transfer easily into the marketing
analysis.

This section attempts to propose various market options for both the solids and
liquid residuals.

Granted since the overall project was delayed and no real

sampling was performed, a thorough review of the literature and educated
assumptions made did provide a technically sound basis for Brinson Farms to
evaluate as potential options to develop secondary profit streams (other than
biogas-based energy) from the sale of these materials.
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Potential Use of the Solids Fraction

Direct Use of Residual Solids as Agricultural Soil Amendment - A potential use of

D

the solids exiting a digester is their use as a soil amendment. This option involves
direct usage of the solids fraction without any additional processing other than
dewatering.

One potential problem with this scenario is that products directed

derived from anaerobic processes are notorious for having significant odors
associated with them.

Spreading of this product onto lands that are close to

neighboring properties may position the user to have odor complaints from these
neighbors.
The value of the nutrients within the residual digester solids from a N:P:K
standpoint as a fertilizer is estimated to be in the $10 to $15 per dry ton range.
This figure is based on review of nutrient wholesale prices as reported within the
open literature.

This is the same price range reported by R. Alexander and

Associates for compost having very similar N:P:K ratios. However, the problems
of the instability of the product from an odor and subsequent handling perspective
likely places this value within the lower pricing of this range or approximately $10/
ton.
It is possible to stabilize the odor-causing compounds within the residual digester
solids by using some form of passive aeration which will then allow aerobic
microbes and simple aeration to oxidize the reduced chemicals into oxidized
forms: ammonia to nitrate and sulfur to sulfates for example. It is suggested that
a passive aeration strategy by used since this should minimize volatilization of the
odor compounds into the ambient air. A windrow type of system or even disking
may provide the amount of passive aeration to accomplish this goal. However, it is
strongly suggested that a pilot program be initiated to verify the potential positive
impacts of passive aeration-based stabilization on improving product handling
characteristics if this option is viewed as a viable consideration.
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Composting of Residual Solids – The composting of the residual digester solids
may offer a much better form of stabilization then simple passive aeration alone.
Primarily this option will ensure a much more stable product along with a product
Windrow

D

that is easier to recognize and a market that is fully developed.

composting coupled to some form of bulking to improve aeration and subsequently
composting may provide a more marketable product. Given the location of Collins
to the potted plant producers in South Alabama (Mobile, AL area), this may be a
good product for marketing in this relatively nearby region. Obviously, piloting of
this concept should be performed as recommended for the previous option. An
estimated value of the composted product is believed to fall within the upper
boundary of the range discussed above or approximately $15/ton.
Use of Residual Solids to Produce Artificial Soil – The raw material directly out of
the digester or a composted product of this material may be mixed with various
other amendments to produce artificial soils of varying qualities – depending on
the amended additives.

Topdressing soil commonly used in the golf course

maintenance industry may be produced via the mixing with sand and potentially
grass seed. Others have mixed compost with materials such as dredged materials
to produce a commercial bagged soil for potting or garden use. The value of this
product is slightly higher primarily to account for the additional processing.

In

essence, a slightly higher value can be imparted to the compost if artificial soils
are produced.

However, the value will be dictated by the marketing effort

expended and the results yielded from this venture.
Potential Markets for Residual Liquids
The U.S. market for fertilizer is 52 million to 55 million tons/year; almost half are nitrogen
products. More importantly, it is estimated that 95 percent of all fertilizer is sold into agriculture,
and five percent is sold for horticultural and turf (ornamental) applications. That’s 2.6 million
tons of nitrogen a year. Now, is the composting industry going to sell compost into the turf
market as a direct replacement for nitrogen fertilizer? Probably not, but we could be gaining
additional value from our compost if we sold it for its innate content of slow release nitrogen. So
there’s additional intrinsic value that could be attained.
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INCREASING DOLLAR VALUE FOR COMPOST PRODUCTS
BioCycle October 2004, Vol. 45, No. 10, p. 48

Pricing compost in line with the product or service it is replacing can boost revenues from compost marketers.
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Ron Alexander, Rod Tyler and Nora Goldstein

On-Farm Use of the Liquid for Traditional Culturing of Crops/Products – From a
gross economic value of the fertilizer value of the liquid this product is worth only
$0.01 per gallon or about $2.50 a ton. However, for use as a medium for irrigation
or even hydroponic cultivation, the organic and fertilize value of the liquid may
serve to provide a key component toward on-farm cultivation of a plant-based
product, such as fruit trees, potted plants, or cut flowers.

A significantly more

involved evaluation of this option than was planned for the scope of this effort is
needed to evaluate the many options that this usage of the liquid offers.
Production of Algae – One interesting potential usage of the residual liquids is to
use them as a source of algae production. The algae grown could be used either
as a source of lipids for biodiesel production.
The DOE studied the use of algae as a source of lipids for the production of
biodiesel. Studies show that vast amounts of lipids could be produced using a
variety of culturing techniques with open lagoons being the most commonly
proposed incubation vessel. To put the potential of algae as a lipid feedstock into
the proper perspective, soybeans yield about 60 gallons of oil per culture-acre,
while some algae are reported to yield oil volume in excess of 5,000 gallons per
acres. Using a cell yield ratio of 0.5 g cells produced per g COD removed (this is
low for activated sludge) and an estimated COD of the liquid of 5 g/l (see above),
then for a total annual production volume of 6,000,000 gal/yr, approximately
250,000 pounds of algae would be produced per year (125 tons per year). This
tonnage equates to 38 tons per year of lipids (assuming that the algae cells are
!48

RA

30% lipids dry w/w) or 10,000 gallons of oil per year. Obviously, the level of effort
required to produce this small amount of algae oil does not appear to be
economically attractive given that a 2 Mgal per year of biodiesel production is

D

considered a small plant.

Sale of the Liquid as an Organic Tea – Another intriguing option is the selling of the
liquid residual from the compost operations or the stabilized liquid from the
digester as an “Organic Tea” which is used as a soil conditioner for potted plants.
This product is a niche market that appears to be growing. The benefit of this
option is that with smart marketing and the smaller volume of this packaging which
is oriented toward the consumer market, the value of the liquid can likely be
greatly increased.

The product may be sold as is or potentially amended to

increase the functionality of the product via the addition of more nutrients and/or
other plant growth stimulators.

As with the direct on-farm culturing option first

discussed in this section, much more consideration and market assessment
should be made to truly evaluate the feasibility of this option.
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Biogas Production and Its Use for Biodiesel Production
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Biogas as a Gaseous Energy Source

Based on the 10 houses operating at Brinson Farms, it is estimated that
approximately 1,875,000 cf of biogas will be produced per cycle of birds.
Assuming six cycles per year, this equates to 11,250,000 cf per year of biogas
being produced. At 700 BTUs/cf of biogas (or 70% CH4), a total of 7,875,000,000
BTUs of energy is produced from the digester operations on an annual basis. The
value of this level of biogas production using a $6.00/cy of natural gas is worth
approximately $68,000 per year.

This yields approximately $40 per ton of

inputted litter into the overall system.

!
http://content.edgar-online.com/edgar_conv_img/
2006/12/11/0001362310-06-000396_C70099C7009901.GIF
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Natural Gas Prices
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Source: http://www.omaha.com/index.php?u_page=2798&u_sid=2380287

Using the Biogas Produced for Making Biodiesel
The DOE estimates that 30,000 BTUs of thermal energy as natural gas are
needed to produce one gallon of biodiesel.

At 30,000 BTUs per gallon for

biodiesel production, enough thermal energy is produced in the form of biogas at
Brinson Farms to provide enough natural gas displacement to directly make
approximately 250,000 gallons of biodiesel per year.
Financial Model for On-Farm Poultry Litter Based Anaerobic Digester
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Future for the AD Industry

The market for AD is increasing, largely due to environmental pressures to
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improve waste management and more recently due to the high cost of energy
again. It appears to have cycled between the environmental and energy drivers,
but if current
trends are
maintained, both
issues will play
strong roles in the
future
deployment of AD
technologies.
According to
European data,
Figure 11: Projected Global AD Deployment (Source:
Atlas website)

(Figure 11) only a small proportion of the
world AD potential has been developed,
a potential estimated to be approximately

10,000- 20,000 megawatts by 2010. This value includes on-farm digestion as well
as other organic sources such as municipal waste and food waste. Rapid
expansion is expected in non-European Union markets, particularly in South East
Asia and North America (Atlas website). There is particular interest in the use of
AD in developing countries. In many of these, agriculture is central to the national
economy and agro-industry wastes can represent a problem. The United States
generates about 70 million dry tons of animal waste (dairy, poultry and swine
combined) that is coming under increasing regulatory pressure for disposal
methods (Bull, 2005). The biogas potential from various feedstocks is shown in
Figure 12. Energy and environmental policy will have a direct bearing on the
further development of AD installation.
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Figure 12: Average biogas yield per metric ton of wet waste for some possible substrates
(showing the variation) (Source: van den Broek)

Even though the AD technologies have been deployed for over a hundred years
now, key technical areas for further development, focused on improving the
technology's economics include:
•

Biogas yield optimization

•

Value engineering and modular turnkey designs

•

Biogas cleaning for compatibility with natural gas systems

If the AD industry is to expand significantly, several areas need to be addressed:
•

The technology suffers from a poor image of unreliable performance, a
legacy of plants installed in the 1970’s - 1980s; long-term demonstrated
reliability is critical.

•

Innovations need to concentrate on reducing capital costs and increasing
the value of the process products (both energy and digested material).

•

If AD is to become economically viable without any support, there is a need
to take account of the environmental benefits in the costs.
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•

Development and dissemination of best practice methods for users and
encouraging self-regulation and standards among the AD developers.

•

Explore various business models as presented earlier for ensuring financial

D

success.

•

Improving knowledge of AD among the financial community, planning
community and international development banks – make this technology
“bankable”

•

Joint Involvement of various local, state, regional and national stakeholders
such as the Biomass Coordinating Council, AgSTAR, 25X25, Farm Bureau,
etc.

It is encouraging to see that many of these issues are being addressed by the
scientific and technical community as well as on the policy side. Even though, as
Humenik, et al mention that “AD is not the silver bullet for all manure
management,” it has to be approached as an important component in the overall
scheme for securing our energy future while ensuring a cleaner environment.

Proposed Legislation
Published Wednesday | May 9, 2007

Nelson seeks incentives for turning manure to biogas
BY JAKE THOMPSON
WORLD-HERALD BUREAU

WASHINGTON - Call it Sen. Ben Nelson's cowpie-in-the-sky idea

The Nebraska Democrat is proposing legislation to help ease America's addiction
to fossil fuels by encouraging a renewable resource.
His bill would establish federal tax credits, loans and loan guarantees to
encourage production of "biogas" - a natural gas substitute that's manufactured
from cow manure.
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Nelson's motto: "Don't waste the waste."
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And in Nebraska, where cattle outnumber people 4-to-1, there's a lot of potential
fuel lying around.

Cattle are a significant source of methane, in both gaseous and solid form.
Nelson is trying to promote the extraction of methane from the solid waste. He
envisions building a national biogas industry.
Biogas manufacturing plants could help curb greenhouse gas emissions of carbon
dioxide and methane, while improving water quality through better manure
management, the senator says.
The plants could help trim America's oil consumption, pump money into rural
towns and help run power plants or possibly futuristic cars.
Nelson has been interested in developing renewable energy since he was
Nebraska's governor in the 1990s and promoted the growth of the corn-based
ethanol industry.
As a member of the Senate Agriculture Committee, he has supported federal
legislation expanding ethanol's use, along with other biofuels such as soy diesel.
"If you look at it, biogas is just the next natural progression . . . as we continue to
look to diversify the whole area of fuel sources," Nelson said Tuesday.
"We shouldn't waste the waste when you have the opportunity to turn it into a
useable source of energy," he said.
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Lately, with ethanol production soaring, cattlemen have become concerned about
rising prices for corn to feed their cattle. Nelson's bill could help defray some costs
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by generating additional income from sales of manure for biogas.
"We view it as a long-term positive that may or may not help our members
tomorrow but could be important in the future," said Michael Kelsey of the
Nebraska Cattlemen.

The technology of quickly breaking down animal wastes into methane gas already
is in use at a few biogas plants around the country.
Nelson's legislation is believed to be the first that would offer federal incentives.
They are needed, he said, because of sizable costs in building biogas facilities.
"We understand that new industries need some sort of financial support," he said.
Under Nelson's proposal, biogas producers could receive a tax credit of $4.27 for
every 1 million British thermal units of biogas produced. It also would offer loans
and loan guarantees to help stimulate multifarm collection of manure and
transportation to a biogas facility. Manure could be collected by trucks now used to
clean out porta-potties.
Biogas producers also could receive a federal subsidy when natural gas prices fell
below a certain level.
Current biogas plants produce gas that is 60 percent methane and the rest mostly
carbon dioxide. The incentives in Nelson's bill could help finance technology
needed to purify it to 90 percent methane, which then could be fed into natural gas
pipelines.
Nelson developed his bill in part after talking with owners of the first biogas plant in
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Nebraska. The E3 Biofuels plant in Mead produces methane from manure
gathered at a 30,000-head cattle feedlot onsite. The methane then fuels an
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adjoining ethanol plant.

To produce methane, animal waste is collected into large tanks. Technicians add
byproducts from the ethanol plant and other material to speed up a process known
as "anaerobic digestion," which breaks down the manure into fertilizer and
methane-based gas.

The manure's odor is controlled by its being quickly moved into the tanks.
Bret Healy, the company's project developer, said Nelson's bill could help the
biogas industry in the way earlier federal incentives aided the expansion of the
ethanol industry.
Congress could add Nelson's bill into a broader energy bill it hopes to pass this
year, Healy said.
With gasoline prices climbing above $3 a gallon this spring, Healy said, "there will
be support for anything we can do to get off or reduce our dependence on fossil
fuels."
Three Republicans are co-sponsoring the bill: Sens. Chuck Hagel of Nebraska,
Wayne Allard of Colorado and Larry Craig of Idaho. A similar bill has been
introduced in the House. Nelson's staff has shown the legislation to several
environmental organizations, which have fought for years to toughen animal waste
regulations on feedlots. He hopes they will support the bill.
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During initial discussions with poultry farmers raising broilers in South Mississippi
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during the early 2,000’s, these groups felt that at least $10 per ton of litter must be
recovered from litter management activities to keep current farming operations
economically attractive. The amount of natural gas equivalents estimated to be
produced at Brinson Farms is estimated to return a profit of about $40 per ton. If a
reasonable profit is returned on the sale of the fertilizer value of the digester, then
approximately $5 more per ton may be added to the value of the untreated litter
produced at Brinson Farms. This positions Brinson Farms to potentially yield a
profit on each ton of litter produced approaching $50 per ton.
Clearly, additional study of the actual profitability of the proposed system should
be performed by Brinson Farms once actual digester performance data are made
available.

However, this preliminary assessment does indicate that at least a

three-fold profit will be returned to the farm over the minimal amount stated by the
regional farmers as their goal to remain economically viable.
Project Development Team
Brinson Farms is in the process of building the first commercial anaerobic digester
production facility in the United States. This plant will take bulk broiler poultry
waste and produce heat and electricity. This facility design will process over six
tons of poultry waste per day from the Brinson Farm poultry operation.
The design of this facility provides several advantages over other types of
digesters which utilize dairy or swine waste. The poultry waste is delivered to the
plant in a semi dry form (approximately 25 percent moisture). The dry litter is then
mixed with hot recycled water to an exact percent of solids. This allows this facility
to predict exactly the volume of methane gas that can be produced per ton of
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waste product. Gas production will also be accelerated by subjecting the liquid
slurry to higher temperatures thus producing higher gas yields.
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The owner of this facility is Brinson Farms LLC, 6367 Highway 84, Prentiss,
Mississippi 39474. This facility began construction in September 2004 by funds
from Brinson Farms LLC and financial assistance from the State of Mississippi
through the Land Water and Timber Resources Board and the United States
Department of Agriculture through grants and loans. The construction of the
facility was done by H&L Farm Services, Inc.
Principals
John William Logan:
For the past twelve years, John Logan has been partner and manager of Brinson
Farms LLC, poultry, beef and timber farming operation. In addition, for the past
four years, he has been president of J & L Farm Services, Inc., an energy and
construction company, which patented the first broiler poultry waste biorefinery in
the USA. He has served on the Mississippi Farm Bureau Federation Board of
Directors, Jeff Davis County Farm Bureau Board of Directors, American Farm
Bureau Federation Poultry Advisory Board, Mississippi Poultry Commodity
Chairman, USDA-NRCS Advisory Board, and the Governors Renewable Energy
Advisory Board. Logan received a B.S. in Industrial Management and Computer
Science from Mississippi State University, M.S. in Industrial Education and M.B.A.
from University of Southern Mississippi. Logan is a retired Army Colonel with 38
years service with occupational qualifications and experience in Transportation,
Quartermaster, Signal Communications, Automation-Information Management,
and Personnel Administration. Logan has thirty years of civilian computer
marketing and management background, retiring as a Senior Vice President for
Unisys Corp, Imaging Technology in Atlanta, Georgia.
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Bill Johnson:

Bill Johnson has served as general manager and construction foreman for an
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agricultural building contractor for a period of five years. Bill is also the Vice
President of Operations with H&L Farm Services, Inc. Bill is the principal design
and construction individual in the Poultry Broiler Waste to Energy project that has
a high probability of being patented as the first Poultry Broiler Waste Biorefinery in
the USA.

Sumesh Arora:
Sumesh Arora has provided project management in the Brinson Farms anaerobic
digester project since its inception. He served as one of the primary project
coordinators for the recently completed Mississippi Biodiesel Marketability study
and also co-authored a section of this study. He has worked previously at the
Mississippi Development Authority – Energy Division as a contract engineer and
for Mississippi Chemical Corporation, which is a large fertilizer manufacturer, for
12 years. Sumesh has a B.S. in Electrical Engineering and a M.S. in Materials
Science from the University of Central Florida and is currently enrolled in the
International Development PhD program at the University of Southern Mississippi
with his research focused on the technical and economic feasibility of poultry litter
anaerobic digestion as well as the anaerobic digestion technology adoption by the
poultry industry.
Richard Vetter, Ph.D.:
Dr. Vetter has been active in the development, construction, and operation of
anaerobic digesters for over 30 years. His expertise extends from system design
through to unit trouble-shooting. He has long been recognized as a pioneer in the
maturation of on-farm digester technologies. Richard holds a PhD in
Biochemistry-Nutritional Physiology and a Masters degree in Animal Nutrition and
was a Professor of Animal Sciences and Nutrition at Iowa State University from
1962-78. Dr. Vetter is currently the President of the consulting business, Agri-Bio
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Systems, Inc. and served as the Director of Research for A.O. Smith Harvestore
Products from 1978 – 1997. Dr. Vetter has been intimately involved with the
Brinson Farms Poultry Broiler Waste Biorefinery since its inception and is
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responsible for the basic design of this digester and determining the value-added
products obtained from the process.
Monte Howard:

Monte Howard is the president of Howard Electrical and Controls, Inc. Monte
provided the key Process Logistic Controls systems, electrical construction and
custom programming in the Brinson Farms Poultry Broiler Waste Biorefinery. The
PLC computer system allows the digester to operate twenty four hours daily
automatically while collecting evaluation data. This current state-of-the-arts
program also monitors the system and make adjustments to allow for the
maximum biogas production while providing security. Monte’s system allows the
modifications to support similar systems of any size and/or configuration.
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Conversion Factors

This section is provided to assist the reader with some of the key engineering and

D

scientific terms used within the industry.
Energy Units

1 BTU = 1,055 Joules
1 Kilowatt (kW) = 1,000 Watts (W)
1 W = 1 Joule/second
1 kW-hour (kWh) = 3.6 Million Joules
1 kWh = 10,000 BTUs
240 cubic feet of biogas = same energetic potential as 1 gallon of fuel oil

Weight Units
1 Pound (lbs.) = 454 Grams (g)
1 foot = 0.3048 meters
Volume
1 cubic foot (cf) = 0.028317 cubic meters
Area
1 square foot (sf) = 0.092903 square meter
Pressure
1 atmosphere = 14.7 pounds per square inch (psi)
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