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EXECUTIVE SUMMARY

The Ak-Chin Indian Community (Community), through Ak-Chin Energy Services (ACES)
(formally known as the Ak-Chin Electrical Utility Authority (AKEUA)) requested a study to
determine the feasibility of siting a Bio-power installation on the Ak-Chin Indian Community
Reservation (Reservation) lands in Pinal County, Arizona. The Community’s objectives for the
project include creating technology-based jobs and revenues for Community members,
diversifying the Community economy, providing a beneficial and environmentally sound
program to utilize chicken litter generated on Community lands, and to increase the Community
energy self-sufficiency. To meet these objectives, ACES has requested a study to assess the
feasibility of various technologies such as an anaerobic digester, gasifier and/or co-firing designs
so as to derive the maximum value from the available resources by converting animal manure
and other organic wastes into energy while maintaining the natural fertilizer value for the
Community Farm lands.

Methane production and utilization for energy generation is technically feasible. The key to
success is consistent management of the current method of organic feedstock collection and
transportation to the proposed facility. Direct economic benefits from the project would be
electricity and hot water production to offset energy purchases for ACES. Direct management
benefits from the project would be a strategy that enhances an efficient organic fertilizer protocol for
use on the Community Farm. Some non-monetary benefits from completion of the project are odor
control and pathogen and fly reduction.

Through a grant from the Department of Energy (DOE) the Community developed a project
team led by ACES under the supervision of technical contact Leonard Gold. As a first step in
the feasibility study, ACES sub-contracted with RCM Digesters, Inc. and Daystar Consulting,
LLC (Project Team). RCM Digesters, Inc began field survey work during September of 2004 to
assess the organic waste resource base on and near the Reservation. The aim of the survey was to
identify organic waste sources, locate and map the proximity of the organic waste to potential
facility sites, and to collect field observations for later characterization of the biogas production
potential of each source. This field survey summary data will be the baseline information for
developing the feasibility of a bio-power facility on Community lands.

With support from the Project Team, RCM completed onsite assessments and sampling of the
poultry farm and visited a large dairy adjacent to the Community. This report identifies
digestible resources on and near the reservation, but focuses analysis on an immediate
opportunity at the Hickman’s Egg Ranch located in the Community Industrial Park. Other small
sources of digestible organic waste on tribal land are a meat packing plant and Casino food
waste. However, those sources would not offer significant quantities for digester input.

The Hickman’s Egg Ranch is comprised of 5 high-rise belt houses with a current total population
of approximately 1.5 million chickens. The chicken litter collection belts under the cages
transport enough chicken litter out of the barns to fill 8 trucks per day, or about 100 tons per day
of chicken litter at 25% solids. The chicken litter is trucked to available fields on the Community
Farm where it is incorporated into the soil as a crop fertilizer.

Page 4 of 89



Ak-Chin Indian Community
Biomass Feasibility Study

The most viable biomass utilization option would be to build a digester system designed to
process fresh chicken litter from the chicken houses at the Industrial Park site. At the current
chicken population of 1.5 million a digester could produce about 1,000 kilowatts (kwW). The
future population of 1.9 million chickens could produce over 1,100 kW.

The proposed digester design would be a complete mixed reactor for chicken litter. The digester
system will include a reception tank, a digester vessel, and an effluent storage tank. Solid
chicken litter would require dilution for digestion. Chicken litter would be mixed in the influent
tank with egg washing water, recycled digested chicken litter and fresh water for dilution and
pumped into the digester. Post digestion, there would be 2 or 3 times the volume of material.
Options for delivering the resulting material to the farm fields include trucking, piping or
combining with irrigation water. The digested material will have virtually no odor and will not
support the growth of flies. The digested material will retain the pre-digestion nutrient levels for
nitrogen.

Employing anaerobic digester technology utilizing available wastes to generate biogas is
feasible. The ultimate success of the project will depend on developing an acceptable and cost
effective program to fertilize the Ak-Chin Farm croplands using liquid digester effluent.
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1.0 INTRODUCTION

The Ak-Chin Indian Community (Community) is a federally recognized Indian Tribe, whose
lands comprise about 22,000 acres forty five miles southeast of Phoenix, Arizona. About 16,000
acres of the reservation lands are under cultivation by the Ak-Chin Farm (Ak-Chin Farm), a
Community-owned enterprise. Additionally, the Community has sited a large privately owned
egg-laying operation within their industrial park located in the eastern corner of Community
lands. The Community is seeking new opportunities to diversify its economy, create new jobs for
the Community members, and to increase their level of energy self-sufficiency, all while
managing their lands and resources in an environmentally sound manner.

Though the Hickman’s Egg Ranch and the Ak-Chin Farm were originally located in rural areas
of the county, there is increasing encroachment of high-density urbanization and development.
The Ak-Chin Farm operations wish to reduce the environmental risks associated with their
chicken litter management, including odor, pathogens and methane emissions. As a proactive
solution to these problems, the Project Team is an active partner in considering the installation of
anaerobic digesters or other suitable technology to biologically or otherwise treat animal manure
for environmental purposes and to generate financial returns. The regional nature of this project
offers a unique opportunity to distribute treated nutrients onto the Ak-Chin Farm lands that are
under intense crop farming and routinely require additional nutrient applications.

Additionally, the Ak-Chin Bio-power project offers an exceptional opportunity of mixing desirable
organic institutional waste streams with the chicken litter and dairy manure to further enhance the
biogas production from the facility. The project concept was well received by institutions as a
proactive method to utilize waste streams and generate renewable energy.

1.1 PROJECT OBJECTIVES

The Community’s stated objectives for the bio-power facility project include:

Increase the Community’s energy self-sufficiency

Provide an environmental benefit by improving utilization of the chicken litter fertilizer
Create technology-based jobs for the Community members

Diversify the Community economy

Generate revenues for the Community government operations

The technologies to be used at the proposed installation must readily handle chicken litter
generated at the Hickman’s Egg Ranch either alone or in combination with other biomass
material as identified. The technologies used must retain the fertilizer value of the feedstock(s)
after the energy value has been extracted.

1.2 PROJECT IMPLEMENTATION PLAN
This Biomass Feasibility Report is an assessment prepared to identify potential organic waste
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sources to be used as feedstock for a regional bio-power production facility on the Ak-Chin
Indian Community reservation in Pinal County, Arizona. The report is prepared at the request of
the Community, through ACES and their project team. The report is organized with sections
written in response to each of the eight tasks as defined in the Project Management Plan under
the Project Description and Implementation Plan. Each section will build on and utilize data and
information collected and developed in each of the preceding sections.

Task 1 — Resource Assessment

Determine availability and quality of chicken litter located on the Reservation

Determine availability and quality of other biomass feedstock located both on and off the
Reservation

Determine fuel value and suitability of feedstock for the project

Review land uses, existing infrastructure and environmentally sensitive areas

Prepare a pre-design and economic feasibility study to estimate costs and benefits of an
anaerobic digester system

Compare costs of developing alternative facility sites

Identify a most suitable location using findings of this data

Task 2 — Power Utilization Assessment

Study Community’s current and future electrical needs

Determine potential market for any excess power produced

Assess the existing infrastructure for delivering power to the identified market
Develop an economic model to calculate costs and economic returns

Task 3 — Technology Review

Prepare a comprehensive analysis to consider a range of feedstock and product mixes
Research alternative technologies to a digester system such as direct fired stoker
furnaces, co-firing biomass & conventional fuels, gasification, and fluidized beds
Assess impacts and economics of existing and future environmental regulations as they
pertain to each of the technologies

Develop a comparative economic analysis of each technology selected for further
consideration including feedstock collection costs, operational costs, maintenance costs,
facility siting considerations and projected product sales and revenue

Task 4 — System Design(s)

Develop energy and mass flows for selected technology(s)

Design for an installation including: location, unit operations and equipment,
maintenance, manpower, feedstock requirements, and outputs

Develop a preliminary operations and maintenance plan
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Task 5 — Manpower Development Assessment

e ldentify training needs
e Develop manpower estimates
e Assess associated costs, including operation and maintenance costs

Task 6 — Economic Assessment

e Based on the preceding report findings, the economic viability of each option will be
compared based on net revenue and return on investment

e A business plan for the best option will be developed

e An environmental impact checklist will be completed

Task 7 — Ak-Chin Community Compatibility Assessment

e Environmental impacts and benefits will be compared
e Employment opportunities will be projected
e Effects on cultural and social traditions of the Community will be identified

Task 8 — Financing and Final Report

e |dentify and resolve any remaining project barriers

e |dentify and develop ownership structure

e Negotiate and develop financing arrangements

e Finalize the Biomass Feasibility Study and present to the Community
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2.0 RESOURCE ASSESSMENT

Digestible Resource

Currently the Ak-Chin Farm receives about 100 tons of Hickman’s Egg Ranch chicken litter per
day. The two Hickman’s Egg Ranch trucks apply solid chicken litter using side-sling spreaders.
Each truckload covers about 3 acres of bare or “open” ground. The chicken litter is disked into
the soil within 12 hours after spreading. This procedure started in July 2004 to reduce odor and
flies. The Ak-Chin Farm generally uses all of the chicken litter to fertilize its crops, which
include cotton, barley, potatoes, alfalfa, and recently corn. The fall season is the most difficult
time of the year to have enough “open” fields ready for these chicken litter applications. When
there is inadequate open land or wet fields, the farm may temporarily stockpile chicken litter in
the fields. The cost of commercially prepared fertilizer has increased 30 to 40% over the last
several years so the Hickman’s Egg Ranch chicken litter is highly valued by the Ak-Chin Farm.

Other Digestible Resources

Food waste from restaurants, cafeterias and prisons, food-processing waste, animal manures, and
certain other organics can be mixed and co-digested to make biogas. Nearby cities and
developing neighborhoods produce a great quantity of degradable organics and could also be
considered as sources. If these or any other sources can produce segregated waste streams, i.e.
without metal, glass or plastic, the putrescent materials can be sent to an anaerobic digester.
However, the Community will have to decide if it wishes to import digestible waste materials
that would require payment of a tipping fee for these materials to be accepted, but would allow
the production of additional energy.

One possibility that could pay the Community a return from both tipping fees and high biogas
output would be treatment of food processing wastes such as vegetable oils from restaurant
fryers and grease trap wastes. Although they contribute little in the way of crop fertilizer
nutrient value, these organics are highly degradable wastes that must be hauled from restaurants
and processing plants regularly for a fee. This process has proven to be valuable to California
and New York state dairy digesters.

2.1 INTRODUCTION TO BIOGAS TECHNOLOGY

Anaerobic digestion is one of the few manure treatment options that reduces the environmental
impacts of manure, while preserving the fertilizer value and producing savings and revenues.
Anaerobic digestion will not eliminate all of the negative aspects of manure disposal. However,
it will result in a positive return on the manure management investment, converting it from its
usual liability status.

Much information has been published about energy production from anaerobic digesters.
Equally important, however, is the proper design and operation of a digester, which will
biologically stabilize organic wastes, reduce odor, improve fertilizer value, and reduce
pathogens. It can be expected that future regulations will increasingly require environmental
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control of farm wastes. Thus advantages include:

= Anaerobic digestion in a digester will reduce biological oxygen demand (BOD) and total
suspended solids (TSS) by 80-90%.

= QOdor is virtually eliminated. The digester will have minimal effect on the nutrient
content of the digested manure.

= Pathogen reduction is greater than 99% in a 20-day hydraulic retention time (HRT)
mesophilic digester (100 degree F).

= Half or more of the organic nitrogen (Org-N) is mineralized to ammonia (NH3-N)
thereby enhancing the ability of growing plants to utilize the nitrogen.

» Only a small amount of the phosphorous (P) and potassium (K) will settle as sludge in
most digesters.

Manure consists of partially decomposed feed, waste feed and water. Manure alone or manure
diluted with process water and flush water is generally too concentrated to be decomposed
aerobically in a manure treatment or storage structure, because oxygen cannot diffuse into
solution fast enough to support aerobic bacteria. Therefore, manure is broken down sequentially
by groups of anaerobic bacteria. An anaerobic digester is a vessel sized to grow and maintain a
population of methane bacteria that feed on organic wastes placed in the unit. The bacteria grow
without oxygen, decompose the waste, and produce methane as a useable fuel byproduct.
Methane-producing bacteria are slow growing and environmentally benign. They require an
environment with a pH greater than 6.5 and adequate time to convert organic acids into biogas.

Anaerobic digestion can be simply grouped into two steps. The first step is easy to recognize
because the initial decomposition results in bad manure odors. In the second stage methane
bacteria consume the products of the first step and produce biogas - a mixture of methane and
carbon dioxide. Biogas from a stable digester contains 60% - 80% methane. Biogas is virtually
odorless but contains a small amount of odiferous mercaptans such as hydrogen sulfide.

Numerous examples where effective odor control goals have been met with the installation of a
digester can be found in various publications. The early pig manure digesters in the US were
installed principally to control manure odors. A pork producer in Pennsylvania has a long
history of effective odor control with his manure digester system. The farm is located within
one half mile of towns and sub-divisions and had acute odor problems prior to installing a
digester. The heated digester has stabilized the manure, collected usable gas and most
importantly, satisfies the objections of the neighbors, town council, and state regulators.

There are several additional examples of successful manure digester projects designed and
installed by RCM Digesters, Inc. primarily for odor control measures. The AA Dairy in Candor,
N.Y. has reported a high measure of odor control that has put the dairy back in good standing
with its neighbors. Swine facilities in Colorado, Illinois, Wyoming and South America have all
reported a significant benefit from the tremendous odor reduction provided by their digester
systems. While difficult to assign an exact measurable quantitative reduction in odors, the fact
that nuisance complaints have stopped against these facilities supports the effectiveness of the
digester systems in odor reductions.

Page 10 of 89



Ak-Chin Indian Community
Biomass Feasibility Study

Complex anaerobic processes for treatment of high-strength organic wastewaters are widely
adopted in most countries of the world. Large centralized plants in Europe digest combinations
of animal manures and municipal solid wastes for energy and non-energy benefits, such as
district heating. European governmental actions to reduce agricultural and industrial pollution,
and control municipal solid waste landfill expansion raised costs for organic waste producers.
Anaerobic digestion is more extensively used in Taiwan and Europe where animal waste
pollution has been regulated for a longer time. The US and Pacific Rim countries have seen a
recent increase in the use of digesters due to tighter enforcement of regulations.

In Europe, Germany led the way in small on-farm digesters for odor control. Italy developed a
series of farm anaerobic digestion systems. European determination to address issues such as
odor control resulted in construction of over 2,500 new anaerobic digestion plants since 1987.
Denmark and the Netherlands decided that small individual plants were not economically
efficient and moved forward with large systems for groups of farms. The most experience with
large centralized digestion facilities has been in Denmark, where more than 20 plants are now
operating. More than 50 large, centralized digesters are operating in Europe, with more under
construction or being planned. Some of these facilities have been in operation for more than 10
years. The goal of the centralized plants is to provide waste management and to redistribute
nutrients in odorless liquids or solids to farms.

2.1.1 Biogas Production Potential

The following Table 1 shows the expected ranges of biogas and electric production from typical
US farm raised animals. The output is based on confined animal production, high cost feeds and
100% collection of fresh manure.
Table 1
Biogas Production Potential
Based on Typical Nutrition and 100% Manure Collection

kWh/ head/day Biogas Production ft3/head/day
Dairy Cow 2.5-3.7 65-80
Sows 0.2-03 5-7.5
Nursery Pigs 0.06 - .09 1.4-2.1
Finisher Pigs 0.15-0.22 3.5-5.5
Beef/Feeder 1.8-2.2 45-55
Laying Hen 01 0.25

2.1.2 Anaerobic Digester System Components

An anaerobic digester is a vessel sized to grow and maintain a population of methane bacteria
that feed on organic wastes introduced into the unit. An anaerobic digester system includes
manure collection, pretreatment, an anaerobic digester vessel, biogas recovery system, and
biogas handling and use equipment.
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Manure must be collected fresh and on a regular schedule for digestion. A very important design
consideration is the amount and potential contaminants of any process water included in the
manure collection. Process water includes all water from all sources that mixes with manure
prior to digestion.

Pretreatment may be used to adjust the manure or slurry contents to meet process requirements
of the selected digestion technology. A mixing tank or solids separators are examples of some
pretreatment options. An anaerobic digester is an engineered containment vessel designed to
promote the growth of methane bacteria. The digester may be heated or unheated, mixed or
unmixed, a simple tank or a very complicated media packed column. Manure characteristics and
chosen collection technique determine the type of anaerobic digestion technology that can be
used.

Biogas formed in a digester bubbles to the surface and may be collected by a fixed rigid top, a
flexible inflatable top or a floating cover depending on the type of digester. The collection
system then directs biogas to gas handling components.

Biogas may be filtered for mercaptans (products that contain sulfur) and moisture removal.
Biogas is usually pumped or compressed to operating pressure and then metered to the gas use
equipment. Biogas that is pressurized and metered can be used as fuel for heating, absorption
cooling, electrical generation and cogeneration. Biogas can be substituted for low pressure
natural gas or propane in the equipment listed in the following Table 2.
Table 2
Biogas Use Options

Biogas Fueled Engine
Electrical generator - electricity for use or sale, heat recovery optional
Refrigeration compressors - cooling, heat recovery optional
Irrigation pumps - pumping, heat recovery optional

Direct Combustion Options
Hot water boiler - for space heat, process and cleanup hot water
Hot air furnace - for space heat
Direct fire room heater - for space heat
Absorption chiller - for cold water production, heat recovery optional
Stove — for cooking gas

2.1.3 Available Anaerobic Digestion Technologies

Many configurations of anaerobic digesters have been developed but may or may not be
commercially available for farms. Table 3 lists the operating characteristics of digester
technologies. Covered lagoons, complete mix and plug flow digesters are commercially
available. Complete mix and plug flow digesters reuse some of the energy produced to keep the
digester warm to maximize the rate of methane production while covered lagoons are not heated.
All can be built at a farm scale successfully. The key to success is a good design, proper
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equipment selection, and operator training. Digesters are operated by farms every day without
excess cost or interruption of normal daily business.

Table 3
Types of Digesters and Their Characteristics

Type of Digester Level of Influent Solids Hydraulic
Technology Solids Allowable Supplemental Retention
Concentration Heat Time
(HRT)
(days) (1)
Ambient Temperature Low 01-2.0% Fine No 40+
Covered Lagoon
Complete Mix Medium 2.0-10.0% Coarse Yes 15+
Packed Reactor (2) Medium 05-2.0% Soluble Yes 2+
Plug Flow (3) Low 11.0-13.0%  Coarse Yes 20+

(1) HRT = Hydraulic Retention Time = digester volume/daily influent volume
(2) Attached growth reactors
(3) Dairies only

2.1.4 Cost Effectiveness of Anaerobic Digestion

The economics depend on the cost of electricity or heat energy. Digester projects can generally
be shown to be cost effective for facilities with electricity costs of greater than $0.06/kWh and
where the facility can use most of the electricity on site.

If there is value to fertilizer improvement, pathogen reduction or odor control and it can be
accounted for in the farm balance sheet, then a digester may become even more profitable. If a
farm has to meet government regulations on waste management, a digester may be substituted
for other waste management strategies. The costs of a digester system may have a very high
return over spending money on a non-revenue generating alternative to achieve environmental
compliance.

Most biogas projects rely on a multitude of benefits to recover the necessary initial capital
investment. Heat that can be utilized to offset current needs, disease control that keeps animals
and people healthy, and odor control that keeps people happy and productive are benefits that are
seldom assigned their true economic worth. In some cases a digester has recovered its cost by
avoiding financial penalties , neighbor complaints or lawsuits resulting from manure odors and
flies. In other cases, the digester improves the handling characteristics of the material and saves
the farm money on manure handling and utilization practices.

Digesters are considered expensive because of the time and capital costs involved in most
projects. However, farms have been rapidly consolidating into larger units that must deal with
larger pollution potential. The large pollution potential results in more agricultural businesses
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wanting to take advantage of digester technology to benefit from production of energy while
reducing pollution. Digesters are cost competitive with other manure treatment technologies.
Surprisingly, farms or farm advisors do not regularly consider return on investment. Farmers
assume that pollution control is a cost item and choose a lesser-cost alternative rather than
considering any revenue generation alternatives. Government encouragement has had a strong
effect in implementing digester projects. There are thousands of digesters in Taiwan and
hundreds in Europe where the environmental benefits of anaerobic digestion are recognized and
promoted.

In the longer-term analysis, an anaerobic digester will improve the profitability of most, but not
all farms. In the future, the advantages of the systems will be more fully appreciated. There are
hundreds more agricultural and municipal digesters in the US today than there were 10 years
ago. Industry has embraced the technology as a lower cost alternative for pollution control and
many farms will most likely follow suit. When the technology is compared with alternatives,
farmers realize that distinct advantages exist. If farms in all countries must meet similar
pollution control regulations, then they will all consider their options and many will select
digestion for the small financial advantage it will generate.

Farms and governments are recognizing the need for control of point source and non-point
source discharge from animal production and processing facilities. But controls are usually
expensive. Digesters make money for the farm through the production of heat and/or electricity,
the reduction of odor, reduction of flies, reduction of pathogens, killing of weed seeds, and
improvement in fertilizer values. Additionally, green tag incentives and green house gas tax
reduction credits may further enhance the economic benefits of digester projects. All of the
benefits can be verified. Therefore, anaerobic digestion can be a solution to problems associated
with animal waste streams.

2.1.5 Alternative Technologies

Direct combustion or incineration is another technology that can be employed with a bio-power
installation. Animal manure that is sufficiently dry can be incinerated to power a steam-turbine
generator. Chicken litter is a good candidate for direct combustion because it has relatively low
moisture when excreted. In this scenario, the litter would be cleaned from the poultry barns and
trucked to the generating plant. After combustion, the ash would be trucked to the fields and
used as fertilizer. There are chicken litter-fired power plants in operation in Europe. However,
the feasibility of using direct combustion to meet the project objectives must be studied in more
detail in order to ensure that the value of chicken litter as a fertilizer is preserved.

Other options for the system operations may become apparent as the project is developed.

Additional technologies such as biomass gasification are further examined in the “Technology
Assessment and Review” section of this report.

2.2 CONCEPTUAL DIGESTER SYSTEM FOR AK-CHIN

The Ak-Chin project concept could be readily developed utilizing an anaerobic digester system.
Chicken litter would be deposited daily into a heated mixed digester with an impermeable
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membrane gas collecting cover. Water and other organic feedstock would be added as needed to
liquefy the chicken litter. With a mixture of various feedstocks and the need to dilute the
relatively dry chicken litter, mechanical mixing is necessary. The organic feedstock mixture
would be digested and biogas would be produced. The digesters would be heated for optimum
gas production. Biogas could be used to produce heat and electricity. Any solids collected
during the process could be used on the farm or marketed as a soil amendment. Liquid effluent
from the digester will be stored in a waste storage tank to preserve fertility and applied as
fertigation water to crop lands.

Concept

The basic concept as shown in Figure 1 below, would be a digester system to digest the chicken
litter in a heated mixed digester located near the Hickman’s Egg Ranch in the Ak-Chin Industrial
Park. Other organics may be added to the digester to increase biogas yields. Ultimately all the
effluent from the digesters would be field-applied to fertilize crops. The land area required will
be based on the balance between fertilizer content of the effluent and nutrient needs of the crops.

This portion of the study will derive system parameters for a digester system based on the
chicken population numbers, chicken litter generation rates and chicken litter characteristics
found at the Hickman’s Egg Ranch; it will also provide a cost estimate for the system and
performance projections as well as assess project economics.
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Figure 1
CONCEPTUAL DIGESTER PROCESS FLOW
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2.2.1 Digester Costs and Benefits Summary

RCM developed an Ak-Chin digester design based on the assumption of utilizing only the
chicken litter from the Hickman’s Egg Ranch. The dairy manure as well as considerations for
other organic feedstock as identified and described later in the report have not been incorporated
in this feasibility assessment. The digester design presented in this analysis will accommodate
an organic waste stream from 1.5 million chickens.

Capital Costs

It is estimated that the digester system installed cost will be approximately $5.5 million. This cost
estimate includes a 40-day effluent storage structure, two chicken litter tanker trucks and two liquid
chicken litter spreader wagons. The cost estimate assumes commercial pricing as opposed to
agricultural pricing. All system components are commercial grade quality and assumed to be
installed by commercial contractors. By the third year of operation the annual operation and
maintenance (O&M) costs for this system are estimated at $207,882. The O&M figure assumes a
cost of $0.015/kWh for the engine O&M, includes $15,000/year for soil testing and $75,000/year
for hauling the digester effluent to the Farm’s fields.

Benefits

Based upon the value of energy estimated to be paid by Ak-Chin Energy Services (ACES) to
purchase power at a delivery point at the Reservation of $0.065/ kWh, it is estimated that the system
will produce $459,113/ year in electricity sales to ACES. The heated digester system could produce
electrical power averaging about 1,045 kW. The electricity generated can be used on the
Reservation to meet the ACES electrical needs. ACES would make arrangements to market any
excess electricity, though based on existing and future load requirements, ACES will be able to use
all the output.

The gas produced by a digester could also be used to fuel a gas-fired boiler to produce hot water for
heating or other uses. Additionally, renewable energy tax credits and green house gas reduction
credits have been researched and considered for this project. It is estimated that the renewable
energy tax credit would be worth $63,570 per year and the green house gas tax credit, based upon
discussions with Environmental Credit Corporation, is estimated to be worth $69,947 per year for
the project. The payback period for this system estimated with an electrical value of 6.5 cents per
kilowatt-hour, an assumption of the production tax credits, and a debt equity ratio of 75:25, is 13.1
years if no grants are included. With the inclusion of a renewable energy grant for $500,000, the
payback drops to 9.8 years.

There are fertilization benefits from digested effluent that can enhance irrigation application
techniques and crop utilization of the nutrients. Environmental benefits include a significant
reduction of odors, flies and pathogens from the waste stream. Stockpiled or unincorporated
surface applications of chicken litter can attract and produce flies. Many industrial food
processors or concentrated animal feeding operations have waste storage pits, ponds, or basins,
which often produce offensive odors. These structures were usually designed for waste storage
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needs and not necessarily for effective waste treatment. Consequently, the waste storage
structures produce disagreeably odiferous volatile organic acids due to incomplete anaerobic
digestion. On the other hand, complete anaerobic digestion produces a stable and relatively
odorless effluent along with the biogas. The treated liquid form the anaerobic digestion process
can be stored long term without any odor concern, due to the dominance of non-odor inducing
anaerobic bacteria in the storage reservoirs.

2.3 AK-CHIN LAND USE, PLANNING AND INFRASTRUCTURE ASSESSMENT

Meeting with Planning Department

The Project Team met with Bart Smith, Community Planner from the Ak-Chin Planning and
Development Office. The primary purpose of the meeting was to identify any planning or
zoning constraints that the bio-power project should consider. The Planning Office has
requested that the project feasibility study clearly indicate siting considerations for the bio-power
system. RCM acknowledged siting concerns and offered that one of the key objectives during
the development of the feasibility analysis is to examine all possible system locations and their
proximity to both existing and planned primary Community infrastructure. These considerations
would include identifying residential neighborhoods and planned housing areas, available
Community Farm lands for land application, and how the planned trucking and hauling routes
interface with current traffic patterns. These issues will be studied to help ensure the digester is
constructed in a configuration and location that is a workable arrangement with the current
nutrient management system and the current traffic patterns.

The area within the Ak-Chin Indian Community Indian Reservation (Reservation) as shown on
Figure 2 below, was reviewed by the Project Team, including aerial photographs. Four major
areas of the Reservation were identified as potential sites, including the Industrial Park along the
eastern edge of the reservation, the Tribal Office Complex on Peters & Nall Road, the AK-Chin
Village and planned residential development along Farrell Road near the center of the
Reservation, and the remaining Tribal lands known as “The Farm” that are under current
cultivation. Other features that were identified and located on the maps included the Harrah’s
Casino, the surrounding electrical substations, the irrigation water reservoir, the Community
drinking well, and all major roadways. In addition to these features, a “sensitive area” lying in
the northwest portion of the reservation in a geological feature known as the Vekol Wash was
identified as a “no-go” area for the digester system location.
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The Planning Department states that the project must work with the existing structures and
features on the Reservation lands and must be financially feasible. In general zoning regulations
on the farmlands are very broad and only include usual requirements such as roadway setbacks.
A Farm Board makes all decisions for the Ak-Chin Farm. The Planning Department coordinates
with the Farm Board when any agricultural lands are being converted to commercial endeavors.
It was noted that a 1-year notice is required to take any crops out of production. In general, the
Planning Department is working with Ak-Chin Farm to seek new and better crops with “value
added” opportunities with the common goal of realizing improved agricultural economics on the
Reservation lands, which could be further enhanced with more consistent fertilizer nutrient
content that would result from the digestion process.

Meeting with the Ak-Chin Farm Manager

The Project Team also met with Steve Coester, Farm Manager for the Ak-Chin Farm. The
primary purpose of the meeting was to identify and consider any Farm issues or constraints that a
digester or other technologies for the bio-power project might create. Currently Ak-Chin Farm
receives about 100 tons of Hickman’s Egg Ranch chicken litter per day. The two new
Hickman’s Egg Ranch trucks spread on the fields with side-sling spreaders. Each truckload
covers about 3 acres. The chicken litter is disked into the soil within 12 hours after spreading.
Since this procedure started in July 2004, there have been reports of fewer flies observed. The
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fall season is the most restrictive time of the year to have enough “open” fields ready for
application. However, it was noted that enough other farms in the area want the chicken litter
that it allows the Ak-Chin Farm to broker the chicken litter for off-site delivery eliminating the
need to stockpile it. Over the past several years the value of chicken litter for fertilizer has gone
up 30% to 40%, so the Hickman’s Egg Ranch chicken litter is very valuable to Ak-Chin Farm.
The Ak-Chin Farm generally uses all of the chicken litter to fertilize a variety of crops, which
include cotton, barley, potatoes, alfalfa, and more recently corn.

The Ak-Chin Farm management stated to the Project Team that they had concerns about how to
handle chicken litter fertilizer in a liquid form from a digester. The major concerns were centered
on the issues of fertilizer application times, application delivery methods, and the dilute nature of
the liquid material. The entire Ak-Chin Farm is divided into small strip fields, each within some
varying stage of a constantly shifting crop rotation cycle. Each crop requires a different fertilizer
rate and time of application. For example, no fertilizer is applied to the cotton fields after July.

It was apparent through discussions with the Ak-Chin Farm that utilizing the digester effluent
through introduction into the existing irrigation system would not be a manageable approach
with this cropping strategy. Further, the rate of dilution with 100,000 gallons of effluent per day
from the digester discharging into the irrigation system for delivery would create problems. For
example, during the summer months, the digester effluent would get diluted with up to 400 acre-
feet of irrigation water from the reservoir and could not provide the current fertilization rates for
the various crops. In the fall and winter months when the flows are lower, the digester effluent
would provide to high a level of fertilizer for the various crops.

The Ak-Chin Farm uses a cotton-to-barley-to-alfalfa crop rotation in addition to potatoes grown
pursuant to a contract with Frito Lay. The current crop acreage distribution is summarized in
Table 4.

Table 4
Ak-Chin Farm Crop Acreage

Crop Type Current Acres
Alfalfa 4,000
Cotton 5,000
Potatoes 1,500
Barley 3,500
Corn/Green chop 1,000

The Ak-Chin Farm has recently begun to grow corn and sorghum for Milky Way Dairy. April
through July is the most intense crop time. Most of the hay goes to the feedlots in 1-ton square
bales. Barley is harvested as grain and milled for dairy mix feed. In 2004, the Ak-Chin Farm
contracted to grow 1,000 acres of green chop feed for the Milky Way Dairy. Next year they may
consider more feed crops such as corn and alfalfa. The cotton market is not good due to
competition with third world markets and the potato crop for Frito Lay was down 18% attributed
primarily to the effects of the Atkins Diet fad on consumer buying habits. If dairy feed cropping
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becomes the trend, a corn and sorghum silage rotation could be double cropped each year. The
corn would be harvested in July and the sorghum crop could come off in September and October.

The lands on the west edge of the Ak-Chin Farm are irrigated from west to east from a large
lateral canal that runs south to north along Ralston Road. Buried mainline runs from the reservoir
east along Peters & Nall Road. Other irrigation in this part of the Reservation is from open
ditches. The Project Team was provided a cropping map showing the field size and proximity;
however, neither the crop plan for the current crop rotation nor next year’s rotation was depicted
on the map. It was noted that the alfalfa fields are on a 2 or 3-year rotational cycle and the pecan
trees planted in the odd shaped fields that develop along the diagonal drainage ditches are
perennials.

The west side of the farm is a primary growing area for potatoes. The fertilizer applications must
be carefully monitored because too much nitrate (NO3) is bad for the “chippers” and they won’t
fry correctly. These potatoes are round white potatoes and differ from the Russet potatoes
commonly known from the Idaho potato growing regions. The amount of NO3 the potatoes
receive correlates to the sugars they develop. Too much sugar in the potatoes causes brown
spots when they are fried. Too many brown spots can cause an entire crop to be rejected. The
potato fields get between 450 to 500 pounds of NO3; from chicken litter per acre before planting.
About 30 gallons per acre of a 9-30-0-ammonia phosphate liquid fertilizer is added into the
irrigation ditches in early spring. The potato fields are irrigated with pivots drawing from the
irrigation ditch. About 6,000 acres are currently under this system. The new sprinkler systems
use low pressure, with small (<3/32”) orifice nozzles that require relatively clean water to
operate properly. Digester effluent could be effectively delivered to the crops through the
existing irrigation system if larger orifice nozzles (1/2 inch) were installed.

The Ak-Chin Farm has a high degree of soil variability ranging from heavy gumbo to sand,
making the intricate crop rotation and fertilizer schedules even more complicated. Given the
current cropping, irrigation and fertilizer strategies in place, the Ak-Chin Farm will require a
digester effluent approach that will not compromise their fertilizer application rates or schedules.
A project solution must be identified that promotes an effective and financially feasible
utilization of the digester effluent as the fertilizer of choice on the Ak-Chin Farm croplands.
There are solutions to this issue and options have been identified to support proceeding with a
digester system approach. Since the Ak-Chin Farm is already accepting and managing the
nitrogen, the issue centers on how nitrogen is distributed, not whether it can be effectively used.

2.4 SYSTEM DESIGN CONSIDERATIONS

2.4.1 Climatic Conditions

Weather data averages compiled by the USDA from the weather station at Maricopa, Arizona
were reviewed to develop project design considerations. The region has very hot and dry
summers with cool winter temperatures. The period of record extends from 1960 to 2004 and is
summarized in Table 5.
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Table 5
Weather — Maricopa, Arizona
Avg Max Temp- Avg Min Temp
Degrees F Degrees F Avg Rain - in.

January 66.4 34.5 0.73
February 71.1 38.1 0.82
March 77.1 42.7 0.86
April 85.9 48.5 0.25
[May 95.3 57.3 0.11
June 105.0 66.6 0.16
July 107.2 76.0 0.82
August 104.9 74.5 1.05
September 99.9 66.5 0.70
October 88.8 52.9 0.58
November 75.2 40.6 0.62
December 65.9 34.0 0.95

ve/Total 86.9 52.7 7.64

The average yearly total rainfall is reported as less than 8 inches. The average annual rainfall
during the hot summer season (May through September) is recorded at about 3 inches.

Cooler winter temperatures may add to the system parasitic requirements to keep the digester at
optimum warm temperatures for peak performance. Monthly average temperatures range from a
low of 34.0 degrees F in December to a high of 107.2 degrees F in July. Prevailing winds and
peak storm winds are primarily out of the west. Wind direction is taken into consideration in the
overall system design and layout.

2.4.2 Soils and Subsurface Conditions

Soils and Subsurface

The soils on the Ak-Chin Farm are highly variable ranging from sand to heavy clay.

Topography and Geology
The entire Community lies within a very flat expanse of farmland.

Surface Water

No natural surface water features were observed. There is a reservoir in the southwest corner of
the Community lands. There was evidence of storm water runoff channels in the northwest
corner as well as near the industrial park in the southeast corner of the Community.

Groundwater
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Depth to groundwater is in the range of 300 to 750 feet.

Engineering should take into consideration the load bearing capacity of the soil, depth to bedrock
and depth to groundwater.

2.5 EVALUATED FEEDSTOCK SOURCES

2.5.1 Hickman’s Egg Ranch

The Hickman’s Egg Ranch (Hickman’s Egg Ranch) is located in the Ak-Chin Industrial Park off
the Maricopa Casa Highway along the eastern edge of the Reservation. Initial estimates suggest
that Hickman’s Egg Ranch at capacity could make biogas for more than 1,000 kilowatts (or 1
megawatt) of renewable energy. The current existing business relationship involves Hickman’s
Egg Ranch producing eggs and hauling and spreading chicken litter daily onto Ak Chin Farm
croplands. Additional details about chicken litter collection and bird feeding regimens were
discussed. A composite sample of chicken litter from each of the five barns was collected for
analysis.

The Hickman’s Egg Ranch is comprised of 5 belt houses with about 300,000 chickens per barn
for a current total population of 1.5 million chickens. There is some indication that the
Hickman’s Egg Ranch would like to expand to a total population of 1.9 million birds. The
Hickman’s Egg Ranch is producing 810,000 eggs (3 truckloads) per day. The Hickman’s Egg
Ranch brings in 6 truckloads of feed per day at 25 tons each or about 150 tons of feed per day.
The collection belts under the cages transports enough chicken litter out of the barns to fill 8
trucks per day. The exact size or hauling capacity of the chicken litter spreader trucks was not
known but it is estimated that based on the feed conversion capacity of chickens, the quantity of
chicken litter would be about 60% of the quantity of the incoming feed, or about 90 tons per day
of chicken litter at 25% solids.

It is estimated that the daily freshwater makeup required to dilute the chicken litter for digestion
would be on the order of 60,000 — 100,000 gallons. The current egg washing water contains
food grade soap and is discharged to a lined evaporation pond north of the barns. This water
could be diverted and used to help dilute the chicken litter for the digester. However, it should
be sampled to identify the chemical make up and to determine any potential effect on digestion.
The Hickman’s Egg Ranch can provide a Material Safety Data Sheet (MSDS) to determine any
possible effects of the soap on the digester outputs. There are water meters on the incoming well
water and that data could be gathered for further examination if needed for future waste
calculations. It was estimated that each of the 45 employees accounts for 30 gallons of the daily
water consumption that is managed as a wastewater and discharges to the industrial sewage
lagoons across the street. The Hickman’s Egg Ranch also generates a moderate quantity of
broken egg waste per week. This waste stream is collected and hauled away for processing into
pet food.

The chickens are fed using an energy basis on-demand feeding schedule. It was noted that they
eat less in the summer months, which means there will be less feed stock for the digester. Each
barn contains chickens that are about 16 weeks apart in age. This requires 5 different feed
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formulations to meet the growing and production schedule of each group of birds, which
produces different compositions of litter. The feed is based on various formulations containing
calcium (limestone), protein, and energy. Vitamins and minerals remain constant for each
formula.

Chicken litter samples from each barn were collected. Each sample was a composite of 5
random grab samples from each of the 5 barns. The samples were labeled simply Barn 1 through
Barn 5. Samples were submitted to a Phoenix based laboratory for analysis. It was noted that the
chickens in Barn 4 are molting and on restricted feed, which means there is less protein in the
food. The feeding schedule and bird makeup for each barn is summarized in Table 6.

Table 6
Hickman Barn Schedule

Location Bird Age Pounds of Feed Protein
Barn#  Weeks Per 100 wt %
1 24 20.4 23.8
2 110 21.1 13.5
3 97 19.8 15.1
4 77 12.3 3.3
5 28 18.2 20.4

This feed formula changes constantly to match the chickens’ uptake and their output. About
once per week, the egg case weight is measured to evaluate the balance.

Chicken litter was evaluated from each of the five barns. Five random grab samples were
collected from each barn and combined into a composite sample to represent the makeup of the
chicken litter from that barn. An independent local laboratory analyzed the samples. The results
are summarized in the Table 7 and Figure 3 below.

Table 7
Hickman Barns Chicken Litter Analysis
Feed/100 Ppm
BARN# | WT. |% Protein|% Total N|/Ammonia| % P205 | % K20 | % TS | % TVS

1 20.4 23.8 4.1 3700 4.8 3.1 25.1 56.9
2 21.1 135 3.4 840 3.8 2.2 30.5 56.9
3 19.8 15.1 3.3 2000 3.4 2.3 25.8 52.7
4 12.3 3.3 1.7 880 1.8 1.3 38.8 84.4
5 18.2 20.4 4.5 12000 5.0 2.2 25.2 62.6

Figure 3
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The analysis demonstrates that the fertilizer value in the raw chicken litter is variable depending
on from which barn the chicken litter has been collected. This analysis suggests that unless the
chicken litter is combined and mixed from all the barns, the raw chicken litter fertilizer
application per acre will be highly variable. On the other hand, the digester system would
provide an evenly mixed and homogenous liquid fertilizer, which would decrease the need for
chicken litter testing to assure proper agronomic application rates to the crops.

The result of the recent USDA audit was discussed. There is a program that recommends a
number of birds per cage. If the USDA recommendations are followed, each barn could reduce
its stock to 226,000 birds from current maximum stocking at 310,000 birds per barn. It was
understood that the Hickman’s Egg Ranch has a target population of 1.9 million birds in their
future expansion plans. At the target bird population, the Hickman’s Egg Ranch could generate
nearly 500,000 pounds of chicken litter or approximately 35,000 pounds of nitrogen per day.
Results from the chicken litter sample analysis provided necessary data to fully model and
evaluate the chicken litter for gas production potential. Development of the agronomic
application balance between the nitrogen requirements for the Ak-Chin Farm crops and the
actual available nitrogen from the chicken litter fertilizer as digested will be based on the sample
results.

2.5.2 Milky Way Dairy

The area biomass resource assessment continued with a tour of the nearby Milky Way Dairy.
The Project Team met with Ari deJong, owner of the Milky Way Dairy and his son-in-law,
Jonathan. The dairy is located adjacent to the northwest corner of the Reservation. Preliminary
estimates indicate that the dairy could make enough biogas for approximately 1,000kilowatts of
renewable energy. Ak-Chin Farm operations and current waste management practices were
discussed followed by a brief farm tour.
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Milky Way Dairy is a new facility. Production animals have been on site for about 1 year. There
are currently about 6,400 cows in freestall barns. The target population is for 7,000 milking
cows. The dairy has two continuously operating parlors, each with an 80-stall rotary platform
milker. The cows are housed in freestall barns with shade curtain walls and flushed manure
collection systems. They are bedded with dried manure solids. There are 4 barns (1,300 feet
long) that house 4 groups of 320 cows each, for a total of 5120 cows and two smaller barns that
each house 2 groups of 320 cows for a total of 1280 animals. There are 65 barn lanes that get
flushed 3 times per day in roughly a 5-hr cycle. Each lane gets an 8 to 10 minute flush cycle.
The water comes from the waste storage pond using a 60 hsp pump and 15 inch pipes at an
estimated delivery rate of 2,000 gpm.

No fresh water is added to the flush water in the barns. On the mechanical side of the farm, it is
estimated that the farm uses about 400,000 gallons per day including the misters and sprinklers
to cool and wash the cows. The fresh water comes from a well on the southwest corner of the
barnyard complex that is 1,275 feet deep. It is unknown how many gpm the well yields. There is
a 25,000-gallon water storage tank near the wellhead. This water is used to clean the parlors,
milk house and equipment. Fresh water flows through the refrigerator condensers and is then
recycled to the cow watering troughs. Additionally, fresh water that is used to cool the cows
with misters operating at 160 to 180 psi. It was noted that the misters are operated to essentially
evaporate the water to avoid getting the freestall-bedding wet. Water use in the sprinkler pre-
wash pens is not known but could be substantial and requires additional study.

Large open drylot corrals with shade roofs are under construction and will soon house the dry
cows, the heifers and young replacement stock. Current population increase is at a rate of 50
calves born each day. Milky Way coordinates with their farm in Visalia, CA and they move
stock between the farms frequently. Currently young calves are shipped to Visalia when they
reach 200 pounds. The eventual target population for the Milky Way dry cow and replacement
stock facilities is between 12,000 to 14,000 animals. These animals will be fed on concrete,
curbed feed lanes that will also be flushed by the manure collection system. Control of sand on
the existing curbed flushed feed lanes is reported to be good. No estimate for flush volume or
manure collection was currently known for this undeveloped area of the farm.

The flush system at the Milky Way Dairy is a gravity flow system. Flush water flows from the
barns through a 13-foot deep concrete sand trap, over a weir, and south into a concrete ditch that
feeds into a series of manure solids settling pits. There are 10 side-by side-settling pits with a
common discharge weir at the east end. Two of the pits are used at a time to receive wastewater
from the sand trap ditch. When full of solids, two new pits are activated and the full pits are left
to dry out to recover the solids. June is the hottest month and it is estimated that the evaporation
rate is about 9”. The prevailing wind is out of the west.

The crusted solids are scooped from the pits with a track hoe excavator and spread on the drylot
corrals to further dry and compost. Solids from these drylots are eventually recovered and used
as bedding in the freestall barns. Currently the farm is importing solids for bedding until the
drylot pens are fully constructed and populated at the target numbers. After discharging over the
settling pit weir, the liquid flows north into the waste storage pond to be recycled as flush water

Page 26 of 89



Ak-Chin Indian Community
Biomass Feasibility Study

back to the barns and irrigation onto croplands. The storage pond is estimated to be about 900
feet long x 500 feet wide with an average depth of 10 feet and is estimated to hold about 33.8
million gallons. The bottom of the pond slopes from 3 feet deep at the north end to about 20 feet
deep at the south end. The 60-hp pump in the pond also serves as the irrigation pump in addition
to recycling flush water for manure collection.

The current milk production is averaging about 69 pounds per cow. It is anticipated that will rise
to 74 pounds per cow as they get acclimated to the new facility. The wet feed ration is 150
pounds per cow. It is estimated that the dry matter feed ration is about 49 pounds per cow in the
summer and up to 55 pounds per cow in the winter. The ration is based on corn silage, hay and
haylage. From October through April, the ration includes 25 pounds of green chop. Milky Way
farms about 300 acres and has arrangements with the Ak-Chin Farm for purchase of additional
feed.

The Milky Way management estimated that the average electrical bill at the dairy has been
ranging from $37,000 to $47,000 per month. They have a 3500-hp Caterpillar generator that is
capable of generating 2 megawatts for backup. The freestall barns have a %2 hp fan located about
every 6.5 feet in the barns. There are2,270 fans configured into 3 banks with each bank
consuming about 270kW of power (rated).

The site visit concluded with the assumption that Milky Way Dairy is interested in some degree
of participation in a digester project with the Community; however, details would certainly need
to be clarified and negotiated. The dairy suggested that they would be willing to provide their
wastewater to the digester at the going cost of irrigation water. In return, they would want solids
back for bedding and enough irrigation water for 300 acres. While the dairy manure offers the
potential of being able to generate increased biogas and thus produce additional energy, it was
not deemed to be a practical option in the near term.

2.6 ALTERNATIVE DIGESTER SITE COMPARISONS

After reviewing the data collected up to this point, three possible digester system locations have
emerged for consideration and a map showing the sites is found in Appendix B. Each site has
pros and cons to be weighed. Additional sites and strategies may become apparent as other
feedstock opportunities and bio-power system technologies are more fully investigated.

Site #1. Located near the Industrial Park perhaps adjacent to the existing sewage lagoon yard.
The advantages are proximity to Hickman’s Egg Ranch chicken litter and the facility’s egg wash
water storage basin. There would be minimal investment or trucking required to collect the
chicken litter from the chicken barns and deliver it to the digester. This site also offers the
shortest haul from the Frito Lay plant, should their food waste become part of the digester
feedstock. This site has good road access with no traffic problems. Distribution electric
facilities are in close proximity and an electrical substation is located nearby to the south. In
addition, there is already a non-potable water pumping station that delivers CAP water to the
Hickman’s Egg Ranch and it is well away from residential areas. This site meshes well with the
existing industrial land use in the area.
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The disadvantages are minimal. While it is highly unlikely that pumping liquid effluent would
ever become desirable, this location would make doing so even less desirable because it is
located at the lowest end of the irrigation system and there is no existing infrastructure to
integrate with the irrigation system. Should a plan evolve to incorporate the Milky Way wastes,
this site is a long distance from the dairy.

Site #2. Located in the southwest corner of the Reservation near the irrigation water reservoir.
The advantages include a nearby substation for electrical hook up; proximity to the reservoir for
dilution water and the site is well away from residential and business enterprises. The digester
system located at Site #2 could be constructed on nut grove land and limit the impact on other
production crops land. The site integrates easily with the existing irrigation system, a suitable
access road exists and the site has proximity to the Milky Way Dairy.

The main disadvantage of this site is that it is greater than 10-miles from the Hickman’s Egg
Ranch, which is the primary digester feedstock. This site would require the need to cross the
main north-south highway with each load of chicken litter to the digester.

Site #3. Located near the center of the Reservation west of the current Farm office complex.
The advantages are the central location, the proximity to the buried mainline for the irrigation
system, shorter chicken litter haul from the chicken farm than site #2 and there is no major
highway to cross. It is well away from the village residential area and the casino. Its proximity
to existing offices would foster more consistent system monitoring and coordination with farm
practices.

The disadvantages are that access to reservoir water may require over 4 miles of pipeline,
distance from the dairy makes using their flushed manure less feasible and the site may be
objectionable to the tribal office complex.

2.7 DIGESTER SYSTEM DEVELOPMENT PROCESS

Numerous design factors and system considerations must be factored into an effective and
efficient digester system. The system analysis included in this report only considers the
Hickman’s Egg Ranch chicken litter for digester feed.

2.7.1 Digester Feedstock

Table 8 is a summary of the waste parameters of the proposed Hickman’s Egg Ranch digester
system.
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Table 8
Waste to Digester
Animal Units 6000 1000 Ib units
Chicken Litter Production 4009 ft3/d
IDilution Water 8018 ft3/d
Total Chicken litter Inflow 12027 ft3/d
Chicken litter VS 42881 Ib/d

2.7.2 Digester System Parameters

The influent volume is comprised of the animal chicken litter plus process and dilution water
expressed as cubic feet/day. This quantity is used to size the digester, estimate the average gas
flow and determine the engine generator size.

2.7.2.1 Process Water Additions to Chicken litter

The Hickman’s Egg Ranch collects the chicken litter as excreted on a series of chicken litter
collection belts in each barn. The egg washing and equipment cleaning water is collected
separately from the animal chicken litter and diverted to a lined evaporation pond located north
of the barns. The egg washing water is included as a portion of the dilution water needed for the
digestion process.

2.7.2.2 Rainfall Runoff Additions to the Chicken litter

The annual average precipitation reported at nearby Maricopa is about 7.6 inches per year. A
storm water diversion plan should be included in management considerations. Adequate
management of storm water additions to the digester feedstock is also a requirement for proper
digester function. Site grading to minimize storm water “run-on” into any chicken litter
collection or handling areas, plus the addition of gutters if needed to route barn roof water away
from the chicken litter collection system are management practices to consider for the Hickman’s
Egg Ranch.

2.7.2.3 Other Waste Streams Added to Chicken litter

The current plan to import outside organic matter for digester feed stock has not been agreed
upon and therefore has not been fully explored and developed at this time. Based on
observations of other operating mixed feedstock digesters, the addition of other organic waste to
the digester can definitely increase the gas production potential of the system.
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3.0 POWER UTILIZATION ASSESSMENT

On September 18, 1996 the Ak-Chin Indian Community (Community) adopted a Plan of
Operation establishing the Ak-Chin Electric Utility Authority, whose name was recently changed
to Ak-Chin Energy Services (ACES). On November 1, 1997, ACES begin providing electric
service to the entire array of customers on the Ak-Chin Indian Community Reservation
(Reservation). Since 1997 ACES’ load has grown from approximately 1.9 megawatts (MW) to
approximately 5.7 MW’s. As discussed below, ACES would be able to utilize all the power
produced from the biomass project to supplement existing resources to meet both existing and
future load requirements. In addition, some expansion of ACES’ existing infrastructure will
allow the system to deliver the power to the ACES loads. Further, as part of the economic
assessment ACES will evaluate the availability of renewable energy incentives and credits from
state, federal and private institutions. Finally, the cost including both the purchase and delivery
of supplemental power have been identified. This is the cost that ACES could pay to purchase
the power produced from the digester project and is incorporated into the cost benefit analysis.

3.1 COMMUNITY’S CURRENT AND FUTURE ELECTRICAL NEEDS

Electric Utility

ACES has approximately 377 customers made up of 257 residential, 66 commercial, 50
industrial & agricultural and 4 accounts for serving all the streetlights on the Reservation. Some
of the customers served by ACES include the Community’s casino, the water and wastewater
facilities, the industrial park (where Hickman’s Egg Ranch is located), and the Clinic, Elderly
Center, Fire Department, Police Department and dialysis center.

ACES receives a power allocation from the Salt Lake City Integrated Projects (SLCIP or
Colorado River Storage Project (CRSP)) federal hydroelectric project administered by the
Western Area Power Administration (Western). ACES’ CRSP contract allocation is listed below
in Table 9, though the actual amount received varies by season and hydrology. In addition, both
the current and future CRSP rates are also listed below in Table 9. Effective October 1, 2005
there was a 9% increase in the CRSP cost of power.

Page 30 of 89



Ak-Chin Indian Community
Biomass Feasibility Study

Table 9
CRSP At Pinnacle Peak
Winter Seasonal Summer Seasonal Winter Seasonal Summer Seasonal
Energy (kWh) Energy (kWh) CROD (kW) CROD (kW)
4,273,433 9,373,563 1,920 4,244

Salt Lake City Area Integrated Projects Firm Power Rate

Current Effective October 1, 2005
Capacity $4.04 per KW per month | $4.43 per kW per month
Energy $9.50 per MWh $10.43 per MWh

Further, under its CRSP contract ACES can purchase Western Replacement Power (WRP) to
provide supplemental power to meet the ACES load requirements. While this has served ACES
in the past, with the price of WRP rising significantly and with the ACES loads growing, ACES
will need additional supplemental power to stabilize the cost of power as well as to meet future
load growth.

Below is a Graphl showing the WRP monthly on and off peak prices for 2003, 2004 and 2005
year-to-date. As can be seen, the WRP prices have risen in 2005. Much of the rise can be
attributed to the rising cost of natural gas. While historically natural gas has been priced at
around 4 $/mmbtu, natural gas prices have risen to over 9$/mmbtu.
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Graph 1
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During the course of the project several utilities were contacted to obtain purchase power prices
for the upcoming 2 —3 years. The price of purchasing power on a 24 by 7 basis excluding
transmission and losses has ranged from 55 — 70 $/MWh depending upon the time frame when
the inquiry was made. Transmission charges can add between 5 — 10 $/MWH and losses can be
in the 4 — 8% range. ACES’ CRSP allocation is first delivered at Pinnacle Peak and then
wheeled from Pinnacle Peak to Maricopa Substation. The losses for this portion of the delivery
path are 4%. From Maricopa Substation the power is wheeled to the Reservation boundary. The
losses for this portion of the delivery path are 8%. So the total losses for power from Pinnacle
Peak to the Reservation boundary are12%. The equivalent value of power purchased from
Pinnacle Peak and delivered to the Reservation adjusted for losses would be in the range of 62 —
78 $/MWH. Further if wheeling were added to the cost of power delivery at the Reservation
boundary it would be in the 60 — 90 $/MWh. For purposes of the economic evaluation of the
biomass project, a conservative value for the avoided cost of power delivered to the Reservation
boundary was assumed to be 65 $/MWh.
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3.2 EXISTING POWER DELIVERY INFRASTRUCTURE
Facility Electrical Configuration, Use and Cost

It is proposed that the site for the biomass facility should be constructed in close proximity to
ACES existing 12 kV distribution facilities. This would enable ACES to directly interconnect
the biomass facility into its distribution system and utilize the power output to directly serve
load. This would result in a reduction in losses and wheeling costs as well as reducing the cost
of interconnection. Once the site location is determined, firm interconnection costs will be
identified. For estimating purposes it was assumed the cost to interconnect to ACES 12 kV
distribution system would be around $100,000.

With respect to green energy, the Arizona Corporation Commission (ACC) has implemented a
requirement that those utilities that are regulated by it must provide a certain percentage of
power from renewable resources. The credit for the production of green energy can be sold and
is commonly referred to as a green credit, which is the value received when the credit is sold. It
should be noted that ACES is not regulated by the ACC. Further, the market for green credits in
Arizona is not robust and regulated utilities have been slow in embracing renewable projects not
built in their service territories. It should also be noted that green credits can be sold anywhere
in the United States and so the project is not limited to just Arizona. For purposes of this project
it has been assumed that ACES will be able to market the green credits (renewable energy tax
credits and greenhouse gat tax credits) at a value as much as $133,517 per year.
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4.0 ALTERNATIVE TECHNOLOGY REVIEW

4.1 FEEDSTOCK AND PRODUCT MIXTURE OPTIONS

The Milky Way Dairy was investigated as a potential source of additional feedstock for the
project. Combining the feedstock from the dairy and the chicken Hickman’s Egg Ranch offers
overall system output benefits. The dairy offers a viable source of biomass for significantly
increased gas production as well as providing some of the necessary dilution water for the
chicken litter.

Milky Way Dairy is a new facility located adjacent to Community lands. The target population
is for 7,000 milking cows plus up to 14,000 dry cows and replacement stock. The dairy uses a
gravity flow, flushed manure collection system. There are 65 barn lanes that get flushed 3 times
per day in roughly a 5-hr cycle. Each lane gets an 8 to 10 minute flush cycle at an estimated
delivery rate of 2,000 gpm. The waste storage pond is estimated to hold about 33.8 million
gallons. The waste storage pond water is continuously recycled as flush water back to the barns
as well as irrigated onto Milky Way croplands.

The Milky Way Dairy has expressed interest to participate if a digester system were developed
by the Community to process flushed dairy manure. The Ak-Chin Farm has recently begun to
grow corn and sorghum for Milky Way Dairy. Barley is harvested as grain and milled for dairy
mix feed. In 2004, the Farm contracted to grow 1,000 acres of green chop feed for the Milky
Way Dairy. The Farm may consider producing additional feed crops such as corn and alfalfa.
Based on these observations, a cooperative working relationship already exists between the
Community and the Milky Way Dairy.

Another option for consideration by the Ak-Chin Community would be to develop a second
digester site designed to digest flushed dairy manure in an ambient temperature covered lagoon
using the Milky Way Dairy waste stream as the primary feedstock. This system could be located
on Community lands across the road from the existing dairy waste collection and storage
structures. It is estimated that the Milky Way site would be capable of producing over 1
megawatt of electricity.

Food waste from restaurants, cafeterias and prisons, food-processing waste, animal manures, and
certain other organics can also be mixed and co-digested to make biogas in a digester. Nearby
cities and developing neighborhoods produce a great quantity of degradable organics and could
be considered as sources. If these or any other sources can produce segregated waste streams,
i.e. without metal, glass or plastic, the putrescent materials can be sent to an anaerobic digester.

Another revenue enhancement for the project is tipping fees for treatment of food processing
wastes, vegetable oils from restaurant fryers and grease trap wastes. Although these products are
highly degradable, they have low content of fertilizer elements such as nitrogen. Biogas
production increases with input such as these wastes thereby increasing electrical and heat
energy outputs. This is a proven process in operating California and New York complete mix
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digesters. However, the Ak-Chin Community will have to decide if it wishes to enter the waste
disposal market.

4.2 GASIFICATION PROCESS DESCRIPTION

The principal technology being considered by the project is anaerobic digestion. The digester
would be a complete mixed reactor for chicken litter. Post digestion, there would be 2 or 3 times
the volume of material in liquid form. Ak-Chin Farm has expressed concerns about converting
their current raw chicken litter fertilization strategy to accommodate the use of the liquid effluent
from the digester. This conversion would entail either developing a system of pipes to move
effluent fertilizer to the fields or converting the trucks and spreaders that currently haul raw
chicken litter to haul and spread liquid. While Ak-Chin Farm raised liquid delivery concerns, the
scope of the project included that the Project Team explore other options for converting the
chicken litter to electricity without creating the need for the Ak-Chin Farm to reform its
fertilization practices or lose the fertilizer as a resource.

Pyrolytic Steam Reforming Gasification (PSRG) is an emerging technology that can extract the
methane gas from carbonaceous materials and produce a benign ash that retains some the
material’s original fertilizer value. The PSRG gasification of carbon based feedstock without the
introduction of air or oxygen is at the technological heart of the Carbon Conversion
Technologies, Inc. (CCT) Gasification Conversion System (GCS). The ability to provide
gasification of carbon based feedstock without the introduction of air or oxygen represents a
major step in providing clean non-diluted, high-energy (450 to 550 BTU/SCF) product gas. The
patented process has features necessary to allow the conversion of the carbon components
without the oxygen of composition and the oxygen entrained within the feed generating
excessive carbon dioxide or runaway temperatures.

The reactor consists of a multi stage system that stages reactions of the carbon materials in the
feed allowing the conditioning of the materials at each stage of the process. These steps include:
e Reactor feedstock preheats with waste heat from the process heater.

e Gradual carbonation and devolitization of the feed allows the oxygen of composition and
entrained oxygen to react near or below the combustion point of the feed. This is also
accomplished using waste heat from the reactor.

e The devolitized feed material is induced to the entrained flow reactor/heater by way of a
patented cyclonic inducer. This allows the material entering the reactor to do so within
the vortex of a cyclone gas stream. This increases the residence time of the feed material
within the reactor and prevents the solid feed material from coming in contact with the
reactor walls, thus preventing fouling of the reactor with tars, phenols etc. The process
reaches the final temperature within this section of the system. Unreacted material and
unreactable components of the feedstock are carried through the reactor and are
eliminated from the process loop by a cyclone separator located at the discharge of the
reactor. This material may be re-introduced at the inlet of the reactor for additional
reaction.

Page 35 of 89



Ak-Chin Indian Community
Biomass Feasibility Study

e A second stage cyclone is located further down the process flow path to remove any ash
or entrained materials from the hot process gas.

e The quench circuit designed into the system is a critical component of the overall
process. The formation of boudouard carbon will occur when the product gas (Syn-Gas)
is allowed to cool too slowly. The quench circuit quickly drops the product gas from the
reactor process temperature below the carbon formation zone. Any tars and phenols still
in the product gas condense at these lower temperatures and are removed or reinjected
into the feedstock input. A number of stages of filtration are employed prior to the gas
exiting the process.

e The energy required to propel the feed material through the reactor is supplied through an
eductor using the cooled and filtered process gas. A compressor is used to boost a small
side stream of the product gas to a pressure that will allow the use of this eductor. The
eductor enables the process material within the reactor to maintain sufficient velocity to
maintain the cyclonic action. This technique allows the reactor to avoid outside materials
from entering the reaction or the requirement of introducing a large quantity of excess
steam to the process. This technique also allows close control of the components of
reaction within the PSRG process and variability of the composition of the syn-gas
produced so that it more closely fits the purpose for which it is being produced.

Efficiency In Feedstock Utilization

Although relative efficiency varies somewhat by feedstock, the CCT PSRG GCS is more
efficient than competing processes because it completely reacts all the available carbon and has a
greater reduction in the volume of residue. It is also more efficient than competing technologies
in that it requires less energy per unit of power. Additionally, some of the byproducts, e.g.
hydrogen, certain hydrocarbons, and excess heat can be used to generate power and heat
(thermal energy) for the process, offsetting some of the power & energy that may otherwise be
required from the grid or co-production sources.

“Designer” Gas

The CCT PSRG GCS process enables relatively easy manipulation of the composition and
characteristics of the syn-gas to match the specific chemical, BTU or other requirements of its
end use.

High Btu Content

The CCT PSRG process also generates a high BTU gas that can be custom tailored to the end
use requirements. Energy content of the syn-gas ranging between 450 and 900 BTU / SCF can
be achieved. The resultant high BTU gas can be compressed and stored, thus enabling time
shifting of syn-gas utilization.
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Energy Efficiency

In addition to efficient utilization of the feedstock, the CCT PSRG GCS process is also energy
efficient; and energy self sufficient once the process has been started. Only a small amount of
energy (Natural Gas, Propane) is necessary to initiate the process, after that the CCT PSRG GCS
generates all the energy necessary to power and sustain the process.

Size

The CCT GCS also features a small footprint. An installed plant producing 20,000 gallons of
ethanol per day requires a space of 100” by 150 (1/3 Acre) plus finished product storage and
space requirements for the feedstock. Because of the small footprint the GCS can be skid
mounted and is easily scalable. The small footprint also allows great flexibility in site selection
depending only on the economics and permitting requirements of the project. PSRG GCS
systems can be sited close to either the ultimate end user of the produced products or the source
of the feedstock. This can eliminate many of the project’s potential problems associated with
transportation. Local codes and ordinances as well as community perceptions can significantly
affect the final physical dimensions required for a plant.

Environmental Impact

Perhaps the most powerful aspect of the CCT PSRG Technology is that it is so environmentally
friendly. It is a completely closed process except for the negligible emissions of the gasifier heat
source. Therefore, it virtually eliminates any of the odorous discharges, noxious gases, or
problem emissions. Moreover, the residue from the process is a relatively small volume of solids
that are environmentally benign, with trace minerals that in some cases are suitable for use as
fertilizer or an animal feed supplement. These ash residues can also sometimes be used in road
construction or to manufacture building blocks.

The ability to take a large volume of waste materials, e.g., biosolids, municipal solid waste,
agricultural waste, chicken litter and landfill bound grass clippings, yard waste, etc., and recover
something valuable, leaving a comparatively very small amount of absolutely benign material
has community and society benefits. There is a natural synergy between CCT’s technology and
those public agencies and private companies tasked with handling enormous volumes of
society’s waste products.

Landfills and other waste storage and handling facilities are always sources of pollution,
contention and controversy. The CCT technology has the capability and potential of drastically
reducing in volume or eliminating the amount of waste that must be disposed of in a landfill and
using that waste as feedstock for gasification that results in job creation, tax production and
profit making products. At the same time, the volume of residue that may have to be land filled,
depending on the feedstock, is reduced to a very small fraction of the feedstock’s original
volume and weight. Moreover, the residues characteristics are changed drastically from the
original feedstock to a benign clay-like solid or ash, odorless, nontoxic and non-hazardous.
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Implementation Time

The CCT GCS also has a comparatively short fabrication and deployment lead-time. CCT can
build and bring on line a modular facility capable of generating approximately 4 megawatts of
power in about 12 months. Thereafter, the company could deliver and deploy a waste to ethanol
generation facility of the same output capacity each 2 months provided all systems were part of
the same contract and ordered at the same time. Pictures of 2 different types of CCT’s are
shown below in Figure 4.
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Figure 4

nr day PSRG Gasifier with- 25 ton per day PSRG Gasifier with enclo-
out enclosure, feed auger, and ash sure, feed auger, and ash shoot
shoot

Laboratory Testing - Comparison of the fertilizer values between the gasifier and the
Digester:

Samples of chicken litter from the Hickman’s Egg Ranch hen houses were collected and blended
before shipment to Hazen Research Inc. for lab testing. Previous chicken litter testing did not
provide the data necessary for the performance of the analysis of the PSRG process on the
chicken litter resource. Hazen performed proximate and ultimate analysis of the chicken litter
sample to determine energy values, moisture content, and the chemical composition of the
residual ash.

The samplings reporting comparative basis parameters are summarized in the Table 10.
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Table 10
Hickman Chicken Litter — Hazen Lab Analysis

Reporting Basis (%) As received Dry Samples
Moisture 67.89 0.00

Carbon 10.65 33.17
Hydrogen 1.20 3.75
Nitrogen 1.71 5.33

Sulfur 0.11 0.35

Ash 12.72 39.62
Oxygen 5.72 17.78
TOTAL 100.0 100.0

The ash samples were calcined at 1110 degrees F prior to the analysis. The elemental analysis of
the ash is summarized in Table 11 below.

Table 11
Ash Analysis

Element % of Ash
SIO, 9.01
AL,O; 3.16
TIO, 0.02
FE,03 0.48
CAO 45.10
MGO 2.98
NA,O 1.55
K,O 6.93
P,Os 14.74
S0s3 1.88
CL 1.63
CO; 16.76

The residual ash comprised 39.62% of the dry content of the sample (12.2% as received).
Gasifying 100 tons per day of chicken litter would produce approximately 12 tons per day of ash.
The ultimate elemental analysis indicates that the ash contains 6.93% (.83 tons) Potassium and
14.74% (1.77 tons) Phosphorous. The elemental analysis does not indicate the presence of any
Nitrogen remaining in the ash, which would eliminate this option from consideration because of
the criteria that the nutrient value of the chicken litter must be returned to the Farm.

For comparative purposes the elemental characteristics of the liquid digester effluent were
converted to dry basis percentages and compared to the gasification ash elemental
characteristics. Inorganic elements are collectively listed as “ash”. Remaining organic nutrients
from both processes are compared for potential crop fertilizer value in Table 12.
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Table 12

Comparison: Digester Effluent and Gasification Ash
Digester Gasification
Effluent (Dry Basis) Element % Final Residual Element %
ASH 55 ASH 78.9
Total K Nitrogen 21 Total K Nitrogen 0
Phosphate 11 Phosphate 14.4
Potassium 13 Potassium 6.7
TOTAL 100 TOTAL 100

PSRG Electrical Energy Production

PSRG requires biomass feedstocks with approximately 40% moisture content to provide the
steam necessary for the process. The chicken litter samples contained 67.9 % moisture and a dry
BTU value of 8726 Btu per pound. The dry value must be adjusted down by 40% to account for
the moisture content of the feedstock as it enters the gasifier. The output of the gasifier must also
be reduced by the amount of energy consumed in converting the moisture to steam.

Reducing the moisture content of the raw chicken litter from 70% to 40% would reduce the
quantity of the available feedstock to 55 tons per day. Processing 18,102 tons of chicken litter
(@40% moisture), (32,800 tons at 70%). 14,000 tons or 3.4 million gallons or 10.3 acre feet of
water would be removed from the waste stream and be available for use by the farm.

55 Tons per day (TPD) Chicken litter Only - If the Gasifier only processes the available 55 tons
per day of chicken litter and no other supplemental feedstocks, the gasifier will produce enough
syn-gas to produce 1,360 kilowatts of electrical power. (The syn-gas would be combusted in an
engine generator to produce electricity.). The system would have an estimated availability of
90% or 7884 hours per year. The gasifier operates with an overall thermal efficiency of 29%,
producing 10,100,000 kilowatt-hours per year.

Using only the available chicken litter feedstock, the project would not be capable of producing
power at the Ak-Chin Energy Services’ target avoided cost rate of $.065 per kilowatt hour (based
on 80% financing and 20% equity investment of the $6,838,000 cost of the project). Sale of
“Green Tags” associated with the project, at $0.010 / kWh can bring the cost of power to
approximately $0.085/kWh. In either case, the Net Present Value and the Internal Rate of Return
on Equity are both negative and project is not economic.

125 Tons per day (TPD) Mixed Chicken litter and Biomass - The 55TPD input to the gasifier
represents only 44% of the capacity of a basic gasifier unit. To make the project economic,
would require full utilization of the 125TPD capacity of the gasifier and would require the
gasification of 70 tons per day of additional biomass at 40% moisture content and an energy
value of 4800Btu per pound.
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Summary Of Gasification System Analysis

If the Gasifier only processes the available 55 TPD of chicken litter and 70 TPD of other
supplemental biomass feedstock, the gasifier will produce enough syn-gas to produce 3.81
megawatts of electrical power. The system would have an estimated availability of 90% or 7884
hours per year. The gasifier operates with a global efficiency of 29.6 % producing 28,567,000
kilowatt-hours per year.

Using the available chicken litter feedstock plus securing other biomass, the project would be
capable of producing power at the ACES’ target avoided cost rate of $.065 per kilowatt hour
(based on 80% financing and 20% equity investment of the $8,890,000 cost of the project). Sale
of “Green Tags” associated with the project, at $0.010 / kWh and capture of production tax
credits can bring the cost of power to the desired $0.065/kWh and an 18.5% Internal Rate of
Return on Equity.

Conclusion Of Gasification System Analysis

The gasification system is not economically favorable at the current daily volume of biomass
available from the chicken litter. The process is certainly capable of producing electricity from
the Hickman’s Egg Ranch chicken litter, however there is not enough litter available per day to
make the system economically viable. The financial analysis demonstrates that the gasification
system would require feedstock at a rate of 125 ton per day (dry basis). Acquisition of an
additional 70 tons per day of a dry, high quality organic feedstock would be necessary before the
gasification process would be feasible.

Additionally, the lab analysis shows that gasification removes all of the nitrogen from the
chicken litter during the process. Since it is an important project parameter to select a process
that preserves the fertilizer nutrient value of the chicken litter available to the farm crops, it was
determined that the gasification process, as well as stoker furnaces or co-firing biomass
processes were not viable technologies for this project.
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5.0 DIGESTER SYSTEM DESIGN

A complete mix, heated, anaerobic digester system for the Hickman’s Egg Ranch chicken litter
feedstock is sized and presented for approximately 1,500,000 chickens. The report evaluates the
chicken litter as feedstock for a digester system located at Site#1, the Industrial Park as described in
section 2.6 above. Detailed comparison costs for evaluating siting the same basic type of digester
system at Sites 2 and 3 were not developed due to high costs associated with transporting the
chicken litter feed stock to the digester plus a delivery system to move the digester liquid effluent
back to the farm fields.

A typical energy and mass balance table has been developed for the digester system. It is
summarized as Figure 5,a flow chart of the process in the next section.
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5.1 Energy And Mass Flows
Figure 4

Material and Energy Balance for Chicken Manure Power Production
Ak Chin Feasibility Study

497,126 Lbs/day Water

248,563 Lbs/day Manure ——— P 2706 kw/d

Receiving Tank

25% Total Solids
67,868 Lb total Solids

Manure Pumping

\4
Heated Mixed Tank
Digester

32,577 Lbs/day 493 kW/d

A

463,112 biogas ft3

Note: Heat recovered from engine recycle
and shown in table below

35,291 Lbs./daySolids
745,689 Lbs./dayLiquid
89,411 gallons per day to storage or application

Mass Balance Lb/d Lb/d %
Solids from Chickens 67,868
Solids into digester 67,868
Solids to Gas 32,577 48%
Solids to Storage 35,291 | 52%
totals 67,868 100%
Energy Balance BTU BTU %
Production Use
New Btu Produced 301,022,898
kWh Produced 85,615,929 | 28%
Generation Parasitics 6,849,274 2%
Manure Pumping 40,956,000 14%
Separating 1,682,609 1%
Net Kwh Production 36,128,046 12%
Hot water for digester/farm 138,470,533 | 46%
System losses 76,936,436 | 26%
TOTAL 301,022,898 | 301,022,898 [ 100%
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5.2 System Installation Designs

5.2.1 Selecting and Sizing the Digester

The Hickman’s Egg Ranch collects their chicken litter using a mechanical belt collection system
in each of their barns. No dilution water is added to the chicken litter. This chicken litter mixture
would be diluted for optimum performance in a heated and mixed digester. A complete mix
digester can be a tank or covered lagoon configuration. The system proposed for the Hickman’s
Egg Ranch would be developed in steel tanks rather than concrete tanks or lagoons. Currently,
this is the most cost effective design approach.

The complete mix digester will be heated and not subject to any seasonal performance variations.
It will efficiently produce gas year round. Unheated digesters make more gas in the summer
than in the winter. Heated digesters can be smaller because the rate of reaction is higher when
the bacteria grow in a controlled and warmed environment.

Digester operation is dependent on controlling manure quantity and quality. All of the following
factors need to be reviewed prior to constructing a digester. Each could affect the digester size.

1. If there is any outside organic waste (such as dairy manure, food waste or cheese whey),

it could be added to a digester to make more gas. If such a scenario is pursued, it is

recommended that an agreement concerning quantity, content and constant availability of

the material be developed. This plan would need to be accounted for in the final digester

system design.

Not more than 25% of design volatile solids may come from any non-manure source.

3. Sufficient grit will settle in the digester to require cleaning in 6-12 years, depending on
dirt contamination and water management.

N

The calculated values for the Hickman’s Egg Ranch system are presented in Table 13.

Table 13
Digester Parameters
Hickman Poultry
Total Animal Population 1,500,000 # of chickens
Influent Volume 89,964 gal/d
Digester VVolume 80,182 Ft®
Number of Digesters 1 ea
Diameter 90 ft
Depth 38 ft
Cover Dimension 6,330 Ft?
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5.2.2 Digester System Outputs

Between 30% and 35% of the chicken litter volatile solids reaching the digester will be
converted to biogas (60% methane, 40% CO?, water saturated). It is assumed that chicken litter
from the poultry farm could be gathered fresh to be mixed and fed daily to the digester. Table 14
shows the projected system output based on these assumptions.

Table 14
System Outputs

Gas Production 463,112 ft3/d

CO2 Equivalent 46,631 Metric T/yr

Electricity Energy Output 1,045 kWh avg

Excess Heat Recovery 5,388,817 Max Btu/hr
4,920,414 Min Btu/hr

The electrical performance of the system run at the expected average kWh has been modeled and
presented in following table. It is assumed that all electricity will be sold.

Table 15
Poultry Digester - System Performance
(Selling electricity at $0.065/kwh, with energy production tax credits)

Heated

Type of Digester Digester
|[Electricity purchase offset $ -

Sale of excess electricity $ 459,113

Renewable energy credit $ 63,570
Greenhouse Gas Tax Credits $ 69,947

Hot Water Offset $ 0

TOTAL POTENTIAL BENEFIT $ 592,630
Operation and maintenance

Engine/kWh $0.015 $ 105,949

Soil Testing/yr $ 15,000.00

Extra Disking/yr $ 75,000.00

TOTAL O&M $ 195,949
% of Kilowatts replaced 0%
% of the electric bill offset 0%
% of heat purchase offset 100%
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5.2.3 System Scenario Summary

Chicken litter from the Hickman’s Egg Ranch is deposited into a new chicken litter collection/mix
tank. Fresh water, egg wash water and eventually recycled digestate from the digester will be used
to dilute the chicken litter. As described later in Section 8.1 subheading “Water Quality”, there is
sufficient water capacity for this project. The chicken litter slurry will be mixed and pumped into a
heated complete mix digester. Grit from the raw chicken litter will be settled and removed from
the mix tank. It can be used as a soil amendment to the cropland. Digester effluent will be
pumped into a 40-day capacity liquid storage tank where it will be held until land applied to the
fields.

The digester will be designed for a 20-day hydraulic retention time (HRT). Hot water pipes from
the generator in the digester vessel will keep the digester at a controlled temperature. The heated
chicken litter is anaerobically digested by bacteria and produces biogas that is collected under the
digester cover. As the digester is fed, effluent is hydraulically displaced out of the far end of the
digester over a discharge weir into an effluent tank and pumped to the storage tank. After digestion,
the chicken litter is a thinner liquid and is handled easily as irrigation water on to the fields.

It is most cost effective to locate the engine building as near to an existing electric interconnection
point as possible. Another building site consideration is near the digester to facilitate effective
digester heating with the hot water recovered from the heat exchangers on the engines. Biogas will
be piped underground to a 30ft x 40ft gas use shed (“Co-Gen” Bldg) that contains the engine
generators and heat recovery equipment. The captured biogas will be combusted in the
reciprocating engine for production of electricity and hot water. A Caterpillar 3519 LFG engine
will control its output to match the gas supply. Waste heat is reclaimed from the engine cooling
system and exhaust system as hot water. Insulated hot water pipes will carry the hot water to the
digester heating system as well as to other determined heat use sites. A small pump will circulate
the water. New service wiring will connect the generator output to the electrical service.
Appropriate safety relays will be part of the new system to meet requirements of the local utility.

5.2.4 Digester Component Detail

Chicken Litter Flow Elevation Profile

A site construction temporary benchmark (TBM) would be used for digestion system
construction. The digester effluent would exit the digester and be pumped to a 40-day storage
tank.

Chicken Litter and Wastewater Collection

The Hickman’s Egg Ranch is comprised of 5 belt houses with about 300,000 chickens per barn
for a current total population of 1.5 million chickens. The target population is 1.9 million
chickens. The Hickman’s Egg Ranch is producing 810,000 eggs (3 truckloads) per day. The
collection belts under the cages transport enough chicken litter out of the barns to fill 8 trucks per
day, or about 90 to 100 tons per day of chicken litter containing 25% solids.
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It was estimated that the daily freshwater makeup required to adequately dilute the chicken litter
for effective digestion would be on the order of 60,000 — 90,000 gallons per day. The Hickman’s
Egg Ranch currently discharges egg washing water to a lined evaporation pond north of the
barns. This wastewater could be utilized as additional dilution water for the chicken litter, and
offset some of the clean makeup water into the system. More detailed study of the egg plant’s
process flow is required to determine the exact daily volume of this wastewater.

Chicken Litter Influent Mix Tank

In most digesters, a collection tank sized to accommodate at least two days of collected chicken
litter is installed. It allows for some interruption of operations to make repairs, as well as mixing of
the waste for more uniform digester feed. Chicken litter will be pumped from the mix tank into the
digester.

Field Piping: Chicken Litter Transmission or Transport to the Digester

The chicken litter will be collected on the chicken litter removal belts and either trucked or
augured to the digester mix tank. The chicken litter will be mixed and slurried with dilution
water comprised of egg wash water, recycled digestate and fresh water as needed. Mixers and
pumps have been included in the cost estimates for this system to allow for necessary
accommodation of the incoming chicken litter and dilution water.

Digester type

The digester system would be a heated complete mix digester. It will be configured as a round
tank with an attached floating top.

Digester size

The digester is sized for 20 days of chicken litter retention. The digester tank will be 28 feet deep
by 109 feet diameter with a minimum 2 foot freeboard. The volume will be 240,545 cubic feet.

Digester construction materials

The digester would be constructed with 29-gauge sheet metal. The tank will have rigid walls and
a floating top will be attached. The digester will have an effluent overflow weir. The weir keeps
gas in, maintains the chicken litter level, and lets digester effluent out.

Influent chicken litter pipe

The influent chicken litter and dilution water mixture will enter the digester through a PVC pipe
located in the wall of the digester tank.
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Digester heating

The digester will be heated by circulating hot water through heat pipes inside the digester. The
pipe will not corrode because there is no acid and no air in the digester.

Digester insulation

Due to the cool winter nights, insulation may be recommended for the top and exposed sidewalls
of the digester.

Digester mixing

A complete mix digester requires agitators or mixers, which will be incorporated into the final
system design.

Digester gas collection

A floating flat top will be secured to the top the digester wall. A gas withdrawal pipe will be
installed inside the digester under the cover.

Digester pipe chase size and location

The digester influent chase is a leak proof box adjacent to the digester wall where hot water
pipes enter the digester and gas pipes leave the digester. Sometimes the chicken litter entry pipe
may pass through this same box. The pipe chase housing gas and water plumbing will be located
near the feed port of the digester. A covered pipe chase sized to accommodate the piping is built
onto or near the side of the digester.

Digester effluent structure

The digester effluent flows out of the digester and over a weir that is built into the sidewall of the
digester.

Effluent Tank/Chamber

Digested liquid overflows the effluent weir into a covered effluent tank for pumping to storage,
cropland or a tanker for hauling. Digestate management is discussed in a later section.

5.2.5 Biogas Utilization
Field Piping

All buried pipes will be a minimum of 3 feet below the finished grade. All plumbing will run
underground.
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Influent Piping

The existing chicken litter collection belts at each barn will be utilized to collect chicken litter
into a truck. Chicken litter will be deposited into the mix tank and mixed with dilution liquids.
The mix tank will be fitted with a pump and piping to feed the digester tank.

Gas piping

The collected biogas would be piped to the engines in a PVC buried pipe. Another PVC pipe to
a flare will be buried and properly sloped to avoid water becoming trapped and blocking the
pipe. The flare is used to burn off excess biogas in a controlled manner.

Hot water piping

Hot water collected from the gas utilization system would be piped to the digester in buried pipe.
Additional surplus hot water could be sent to a heat exchanger for other heating needs.

Effluent Piping

Effluent piping is planned to deliver the digested effluent to a storage tank or directly into
chicken litter tankers depending on the cropping needs.

Location

Biogas use equipment should be located close to the digester system and the chosen
interconnection location. Moreover, distance should be minimized between the heat recovery
system and the heat uses. Exact placement will be determined during development of the Basis
of Design Document and engineering plan drawings for the project. It is usually the case that
proximity to electrical service connections is the economical choice.

Equipment Housing

The engine-generator should be housed in a 30°x 40’ building. The typical building design will
meet National Building Code standards with painted steel walls.

Gas Management

Once the gas is collected from under the digester cover, it must be moved to the gas use
equipment. Typical gas management would include a gas pressurization unit with meter, gas
blower and particulate filter and associated process control equipment. The meter will track the
system output and is a good indicator of overall digester operation. A particulate filter will
remove some water and hydrogen sulfide from the gas.

Excess Gas Flare
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Excess gas must be safely burned. Excess biogas would be released through a relief valve and
burned in a 4-inch flare that will be located a minimum of 100 feet from any structure.

Gas Use

Biogas could be used to fuel:

1. Cogeneration system - 1.5 million chickens will produce an average of 1,045 kWh
2. Engine driven equipment, such as a refrigerator compressor

3. Hot water boiler system

4. Irrigation pumps

Engine Notes

The engine should include safety devices such as: low oil level shutoff, high oil temperature and
high water temperature shutoff.

Electricity Generation Notes

The generator would be wired into the selected interconnect main electric panel. Automatically
operated motor contactor at the generator and manual disconnects in the engine room and in the
electric panel room will ensure safe high quality power. The engine generator will operate in
parallel with the utility system at a constant level of output controlled by the biogas supply
equipment. Parallel generation means that electricity generated by the biogas unit will be mixed
with the utility supplied power. A utility-approved electrical safety system will be required to
insure disconnection of the generator from the utility system during power outages to avoid
energizing power lines away from the site. Typical interties of this type include solid-state
commercial relays to monitor voltage, amperage and frequency.

Hot Water Recovery, Storage and Utilization

Hot water recovered from the engine cooling system will be collected for digester heating. A hot
water circulating pump of about 10 horsepower would be required. Digester temperature
maintenance is paramount to assuring adequate digester operation and performance. Recovered
hot water in excess of that required by the digester can be used to offset any identified hot water
need near the site. Optionally, more heat recovery is available from engine exhaust.

5.2.6 Digestate Management Plan

Digestate is a combination of liquids and some residual solids that were not digestible. The
digester produces a biologically stabile digestate that has very little odor, has a 99% pathogen
reduction, contains most of the nutrients of the original chicken litter, and is not a good host for
fly production. Grit and other solids will be separated and collected at the mix tank. The
digested liquid is then field applied to cropland.
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Solids Separation System

Grit separation before the chicken litter mixture enters the digester is desirable. When system
details are verified the system layout will be designed to integrate grit collection and removal at the
mix tank. The solids may be used as a soil amendment for the croplands. Table 16 shows typical
liquid nutrient characteristics after digestion.

Table 16
Forecast Characteristics of Liquid

Moisture 97.80%
T. Solids 2.20%
\/. Solids, %T.S. 51.70%
Ash 1.10%
TKN 0.42%
NH4+(%of N) 0.30%
P205 0.23%
K20 0.25%
PH 8.42

COD, mg/I 20,763
BOD, mg/l 4,905
\Vol. Acids 610

Fecal Coliform 622

Storage of Digestate and Nutrient Management Plan

A 40-day effluent storage facility has been included in the system design and cost analysis. This
storage capacity will provide the Ak-Chin Farm with flexibility in their nutrient utilization
schedule in the event there are unsuitable days for land application. It is recommended that a
detailed plan for the beneficial use of digestate nutrients be developed. A nutrient management
plan that results in applying nutrients to cropland at the correct time and in the required quantity
to meet crop fertility needs can optimize the value of the effluent nutrients. The digester system
provides the added benefits of processing the raw chicken litter fertilizer into a homogenous and
odor free liquid with much of the nitrogen mineralized to enhance the nutrient uptake rate of
crops.

The Ak-Chin Farm has an existing nutrient management plan developed to utilize raw chicken
litter to meet the needs of the cropping strategy. While it is beyond the scope of this study to
develop a detailed nutrient management plan and application schedule, digester effluent nutrients
could be utilized following similar nutrient management strategies as are used in the current farm
practices. In an effort to support this approach, the project has included $15,000 per year in the
overall budget to provide the Ak-Chin Farm with soil testing data.
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5.3 AK-CHIN DIGESTER SYSTEM COSTS AND BENEFITS
Design Components and Estimated Cost

Table 17. items 1 -7, shows the components of the digester system for the Ak-Chin project.
RCM developed a cost estimate for the project assuming commercial pricing for the components
listed on the line item sheet as opposed to agricultural pricing. The components are all
commercial grade and priced to reflect installation by commercial contractors.

The system proposed for the Hickman’s Egg Ranch would be developed in steel tanks rather
than concrete or lagoons. The estimated overall cost for the installed digester system is
$5,492,574. This includes the cost of collection tanks, the digester vessel, a 40-day storage tank,
all equipment, the engine-generator set, design engineering and contingencies. The cost estimate
includes the cost to purchase two tanker trucks and two liquid spreader wagons needed to land
apply the digester effluent. The systems component elements are summarized in the following
table.

Table 17
Digester Components

1. Influent and Effluent Tanks

Influent tank 89,963.78  gallons
Digester feed agitator 2 ea 20 hp
Digester feed pump 2 ea 10 hp
Effluent tank 40 day capacity 3,873,512  gallons
Effluent pump 1 ea 50 hp
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Table 17 - Continued
Digester Components

2. Digester
HRT 20 day capacity 240,545 ft3
Freeboard 2 Ft
Depth 28 ft deep
Diameter 109 Ft
Cover Area 9,252 ft2
Effluent Structure and piping 200 ft
Mixer 5 ea 17hp
Heat Exchanger and hardware
Top insulation
Gas intake and installation
Cover
Cover installation materials
Gravel
3. Engine Equipment and Material
Generator Caterpillar 3516 LFG

Radiator
Controls, piping misc hardware
Metal Building to house

4. Other Site Elements
Interconnecting water and gas pipe
Foamtrap

Candlestick Flare, fittings & piping
Flame arrester

H2 Scrubber
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Table 17 - Continued
Digester Components

5. PREFAB GAS AND HOT WATER CONTAINERS
Container - 40' 2ea including:
Doors — 2
Ventilation fans — 2
Inlet air openings — 2
Dividers — 1
lights and receptacles
fire sprinkler
Electrical MCC 2 (mixer, gas, hot water)
Gas Skid including:
Particulate filter
Gas blower
Glycol chiller
Allen Bradley PLC
Gas meter
|Hot water skid including:
Pipe
Expansion tank
Tempering valve
Circulating pump
Fresh water plumbing
Wiring
Interconnecting piping
Instrumentation - visual readout, SCADA adaptable
Assembly
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Table 17 - Continued
Digester Components

6. Installation of Equipment and Material
Mobilization

Labor to place cement/rebar/wire mesh

Labor to install new tank, insulation and siding
Labor to install chicken litter equipment
Install mixer

Install heat rack

Install Cover

‘Form rental

Equipment rental

Crane

Site prep

Pipe Trenching

Underground pipe installation
Setting H2S scrubber

Setting Containers

Site Internal Electrical

Flare install

Gravel

Shipping

Contingency

Engineering, technology, startup
Construction Management
Travel

Insurance and performance bond

7. Trucking and Spreading
Chicken litter Tanker Trucks 8,000 capacity 2ea
|Liquid chicken litter spreaders W/injection tool bar 2ea

Project Economics

Certain assumptions were used for this analysis. Some are based on values known to be accurate
for such projects. It was assumed that all electricity would be sold. Electric offset values based
on the energy component of Community electric bills were not developed. Though gas
production may be entirely converted to electricity, in reality the electrical generation system
will be operational about 90% of the hours of the year due to outages and maintenance. Gas
produced during those times cannot be economically stored and will be automatically flared.
Numbers may not precisely compare with cash flow tables due to rounding errors. An economic
analysis was conducted based on factors and assumptions summarized in Table 18 and in Table
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19 below.
Table 18
Project Economic Assumptions
Project life 20 years
Loan period 20 years
Down Payment 25 %
Loan Interest Rate 6 %
Discount Rate 8 %
Tax Rate 0 %
Depreciation straight line
O&M Costs $ 0.015 /kWh
Energy Cost Growth 3 %
Table 19
Project Operational Assumptions
System Thermal parasitic as needed
System Power parasitic 10%
System "uptime" 90%
Boiler efficiencies 80%
[Electric Offset value $ 0.065 /kWh
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Based upon the investment and benefit assumptions made above, the economic analyses for
various potential scenarios for the system are described in Table 20 and Table 21.

Table 20
Economic Analysis of Investment

Calculated Values No Grant
System Cost $5,492,574
Amount Financed $4,119,431
3rd Year Revenue $628,721
3rd Year O & M $207,882
Performance Values
Net Present Value ($308,504)
Internal Rate of Return 4.4%
Payback Years 13.1
Table 21

Economic Analysis of Investment with $500,000 Grant

Calculated Values

System Cost $4,992,574
Amount Financed $3,744,431
3rd Year Revenue $628,721
3rd Year O & M $207,882
Performance Values

Net Present Value 777,889
Internal Rate of Return 19%
Payback Years 0.8

2.9.2 Digester System Benefits

Monetary Benefits

There is positive cash flow for the project. The methane recovery and utilization system will
produce financial gain for the digestion system owner over the 20-year life of the project. The
principle monetary benefit would be the value of biogas as a fuel for a generator and selling
electricity into the utility grid. A 20-year cash flow analysis for each of the financial scenarios
summarized above is found in Appendix A. The assumptions of no depreciation or customary
potential tax benefits have been modeled for consideration in developing the project. This
represents a conservative economic analysis, because both deprecation and tax benefits could be
used to attract partners to the project such that the overall financial picture would be enhanced.
Thus, if at some point if the Community should decide to proceed with the project, the decision
as to bring in outside partners would need to be addressed and the resulting economic impact
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assessed. The green house gas tax credit is calculated based on the conversion of C02 and is
valued at $69,947 per year. The assumption of a renewable energy production tax credit is
valued at $63,570 per year.

5.4 STEPS TO ACHIEVE SUCCESSFUL PROJECT DEVELOPMENT

The history of farm digesters in North America shows that they are successful if properly
designed and managed. Each project location has unique design demands. Attempting to
replicate construction of an existing unit (aside from the legal implications) may result in an
inappropriate selection of technology that is insensitive to the realities and expectations of the
project. Most often designs that ultimately failed were inappropriate because they were
proposed, designed and built by individuals or firms who, though well intentioned, lacked
experience. Success is expected with a chicken litter digester, if a good design is chosen.

Should the project proceed, the services of a design firm with documented experience and
liability insurance should be obtained. The firm should have worked with similar chicken litter,
in a similar setting, and at a similar scale. The firm should be able to make output projections
based on similar projects. The firm should be prepared to provide a detailed operation and
maintenance manual upon startup of the system. The firm should agree to provide operator
training and technical assistance to ensure a smooth startup.

The digester system will need daily oversight and consistency in management. Immediate
attention to unexpected maintenance, as well as daily observation and record keeping should be
reliably collected and recorded. If not, digester outputs and equipment runtime may suffer. All
farm waste inputs will need to be routinely monitored to track quantity and makeup. Any
materials that might be damaging to the digester operation must not enter the collectable manure
for the digester.

Should the project proceed, an experienced operator who will be in position for several years
should be located and a waste collection program developed that follows a regular schedule to
ensure consistent digester feed. Evaluate the chicken litter collection and plumbing system
should be evaluated to eliminate any vulnerable points where contaminants might enter the
chicken litter stream to the digester. Systems should be developed to maintain all system
operational records. Finally, acceptance of any off farm wastes into the digester should not be
allowed without first consulting the system designer.

Should the project proceed, a regular maintenance log for the generation equipment should be
established. Follow all manufacturers’ recommendations for maintenance intervals on the
equipment. Secure services of only qualified mechanics and electricians in the event of major
repairs.
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6.0 MANPOWER DEVELOPMENT

6.1 TRAINING NEEDS

Digester system operations require minimal onsite training to convey the basic daily system
needs. System designers would typically include an operation and maintenance manual as well
as providing ongoing technical support. Record keeping protocol would be developed to meet
the needs of system observations to ensure optimum performance. Additional record keeping
requirements may unfold pertaining to environmental regulations or permit requirements.

6.1.1 Safety

When operated properly, digesters are safe. In addition, there are very few pieces of equipment
or practices used with a digestion system that are not already utilized on the farm. Biogas is 60%
methane and does not contain the oxygen necessary for combustion. The digester top does not
allow oxygen to enter the digester. As with all manure management, confined spaces must be
ventilated for safe entry. As with all internal combustion engines, certain operating norms
should be maintained. This application is little different from standby engines using natural gas
or propane.

Redundant electronic safety relays and logic in the cogeneration control panel will also prohibit
engine generator operation during outages. US utilities require utilization of locks to secure
equipment when maintenance on the electrical equipment and lines is planned. Local and federal
regulations and standards, as applicable, should form the basis for operation.

6.2 MANPOWER ESTIMATES AND ASSOCIATED COSTS

It is estimated that the operation of the digester will require 1.25 full time equivalents (FTE).
Although the digester will require daily intermittent observation and data recording, it will not
necessarily require all day or full time positions. For budgetary planning purposes, the digester
operator FTE salary was estimated at $30,000 per year. This represents a project cost of $37,500
per year. Actual salary ranges should be investigated to more accurately reflect employment pay
scales in the project area.
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7.0 ECONOMIC ASSESSMENT

7.1 SYSTEM COMPARISONS

Current Practice: Trucking Raw Solid Chicken Litter

The current chicken litter handling method is to truck raw chicken litter to available fields
through out the Community. Chicken litter is spread followed by disking the fields to
incorporate chicken litter into the soil. The stated benefit of this practice is the ability to control
chicken litter applications to the current multiple-crop, rotational strip farming practice. In the
final financial analysis, the cost of this practice must be accurately calculated and compared to
the liquid effluent application alternative. This analysis should include the cost to purchase
equipment, operator costs for trucks plus the associated field tractor time, licenses and insurance,
and repairs and maintenance. Custom chicken litter haulers who were interviewed in early 2004
for a project in another state were quoting trucking rates from $60 to $80 per hour. That rate has
undoubtedly increased with rising fuel costs.

There are other aspects associated with the solid chicken litter trucking that require additional
consideration. During field data collection for the project, chicken litter samples were pulled
from each of the poultry houses. The analysis indicated that there is a high degree of variability
in the fertilizer value from barn to barn. As a result, each truckload of chicken litter will also be
highly variable. It would be very difficult to track and account for the actual fertilizer content
per pound of chicken litter in each of the 8 truckloads per day without an extensive and
continuous composite chicken litter sampling program.

Additionally, the chicken litter trucks must travel on and cross major roadways in order to reach
all of the farm’s fields. The possibility of traffic accidents involving the chicken litter trucks is
increasing on these roads with higher volumes of traffic from the new high-density housing
developments that are growing around the Community. Trucking raw chicken litter increases the
possibility of spillage on the roadways, which can trigger nuisance complaints. Raw chicken
litter applications also create odor and fly problems, which can impact the Community and other
tribal enterprises.

Digester Options for Utilizing Treated Liquid Effluent

If anaerobic digestion is the chosen technology, the current raw chicken litter trucking practices
will no longer be needed, but rather different trucking practices will need to be employed. The
digestion process will turn the solid chicken litter into a nearly odorless, treated liquid effluent
with some separable solids. The digested effluent has monetary value as a high quality organic
fertilizer for the Ak-Chin Farm. Chicken litter (effluent) handling practices can be optimized to
produce economic gains for the farm operation.

Liquid application equipment has been developed that greatly improves the efficiency of liquid
form nutrient utilization. Systems that conserve ammonium nitrogen (NH3N) and provide
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nutrients in balance with crop needs increase the economic value of the chicken litter. Studies at
Colorado State University have measured the impacts of various application methods on nitrogen
volatilization losses. The nitrogen losses, represented as “total N are summarized in the
following table.

Table 22
Comparative Nitrogen Volatilization Losses

APPLICATION METHODS ESTIMATED NITROGEN LOSS
Sprinkler irrigation 35 to 60%

Broadcast without cultivation 10 to 25%

Broadcast with cultivation 1t05%
Injection/drag hose 0to2%

The nutrient application method utilized with liquid digester effluent will preserve a greater
percent of the fertilizer value and is another overall beneficial factor to consider with the digester
system. Estimates of the values for nitrogen loss for both solids and liquids is shown in the table
below. Nitrogen is the most valuable component in the chicken litter. Assuming a very
conservative estimated value of $0.21/1b, the value of nitrogen is $81.66 per 1,000 diluted
gallons (0r$0.08166 per diluted gallon). The type of application method employed determines
the amount of nitrogen loss to the atmosphere, which in turn affects the overall value of the
product.

Table 23
Estimated Value of Nitroge