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PROPOSED RENEWABLE ENERGY CENTER — UW-PLATTEVILLE

Executive Summary

University of Wisconsin-Platteville plans to create a renewable energy center at the university’s
Pioneer Farm. Producing electricity from the manure produced at the farm would provide a
foundation for the center. The proposed project includes construction of an anaerobic digester
facility to process manure and other substrates to produce biogas to be used as fuel for a
generator. The facility is expected to produce approximately 100 kW resulting in 85 kW of
electricity available for regional transmission. Electricity will be sold to Alliant Energy and fed into
the regional distribution system. Additional revenue will be created from selling the digested

SO|IdS toa IocaI nursery for reta|I sale. Anefheﬁpaft—ef—ﬂae—prejeet—is—te—eensfefuet—a—smaH—Faemty

As detailed within th|s study the anaerobic dlgester system has a prOJected payback period of
. The total estimated

capital cost of the anaerobic dlgester system is $1 018,300 WhICh includes a grant of
approximately $156,000 from the Focus on Energy program. The estimated annual operation and
maintenance cost of the digester system is $34,000. The digester system will generate estimated
annual revenue of $103,429.

The biodiesel plant is NOT included in this project.
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PROPOSED RENEWABLE ENERGY CENTER — UW-PLATTEVILLE

I) Background

University of Wisconsin-Platteville is offering an undergraduate minor in Renewable Energy. A
corner stone of the degree program will be a renewable energy center located at UW-Platteville’s
Pioneer farm. The first part of the program is to construct a Bovine manure sourced methane
digester to produce bio-gas which in turn will power a combined heat and power generation

abw W ’ . ’ 4 3 = This facility will
provide a living classroom as well as a research facility for students and faculty in the future
Renewable Energy program. In addition since this is a discovery farm it will also be a
demonstration project for farmers showing the feasibility of small scale digesters-and-biediesel
facilitios.

The purpose of this study was to determine the feasibility of constructing a-seybean-bioediesel
plant-and operating an anaerobic digester to process cattle manure from the Pioneer Farm and
substrates such as whey and vegetable waste from other sources. Feasibility included evaluating
the logistics of substrate receiving, substrate handling, site constraints, facility construction,
power generation, permitting, and operational requirements. The main goal of the study was to
determine if the digester facility could achieve complete payback in a period of 16 years with
revenue from energy produced, reduced energy costs at the farm and possibly revenue from
selling digested solids as a soil amendment. As part of the evaluation different digester types
were considered as well as environmental benefits and learning opportunities.
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PROPOSED RENEWABLE ENERGY CENTER — UW-PLATTEVILLE

IT) Digester Discussion

Anaerobic digestion has been used to treat municipal sewage for over 100 years. With the recent
emphasis on green technology, reducing carbon footprint and energy consumption, anaerobic
digestion has been used to produce energy from a variety of substrates. There are also many
environmental benefits associated with digesters including reduction in pathogens, odor, and
green house gases as well a more stable end product. In addition the digested materials allow
more control of phosphorus and nitrogen application since most of the phosphorus is bound in
the solids and most of the nitrogen remains in the liquid.

Digesters can also produce a revenue stream by using the biogas to fuel a generator and selling
the electricity to the energy company. In addition cost savings can be realized when the waste
heat from the process is used to heat buildings and/or water. Additional revenue can come from
the sale of the treated biosolids which is an organic-rich product that can be bagged or sold in
bulk.

A. Anaerobic Digestion Processes

There are 3 basic types of anaerobic digestion processes: Mesophilic, Thermophilic and
Psychrophilic. All three processes produce biogas containing methane, carbon dioxide,
hydrogen sulfide and small amounts of other gases. Depending on the process and the
substrate, methane concentrations normally range from 55% to 65%. The biggest
differences between the technologies are hydraulic retention time and operating
temperature.

Psychrophilic digesters are the simplest to operate and usually the cheapest to purchase and
install. They operate at temperatures less than 68 degrees Fahrenheit and have a very long
hydraulic retention time typically up to 180 days. Due to the lower operating temperature
psychrophilic digesters produce less gas than the other processes. Gas production can be
very inconsistent due to seasonal variations in temperature of the digester.

Mesophilic digestion occurs at 68 to 105 degree Fahrenheit with the optimum digestion
occurring at 100 degrees Fahrenheit. Complete digestion of manure typically takes 35 to 40
days during mesophilic digestion. The mesophilic process is the most widely used type of
digester mainly because of the consistent gas production and higher tolerance for
temperature fluctuation than the thermophilic microorganisms.

Thermophilic digestion occurs at temperatures ranging from 110 to 145 degrees Fahrenheit
with the optimum being above 140 degrees Fahrenheit. Typically complete digestion occurs
within the first 20 days which results in a smaller footprint but require more energy than the
other processes.

B. Digester Types

Several different types of digesters were considered for this project. They include total mix,
covered lagoon, plug flow and fixed film.
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1) Covered Lagoons usually consist of a synthetic cover over the entire lagoon to capture
the biogas under the cover. The gas is typically burned off through a flare or used to
heat water. Lagoons are a psychrophilic digester system. In the Northern regions of the
United States, the lagoons usually only function as a digester during the warmer months
of the year thus producing an inconsistent flow of biogas. This low tech digester is
typically installed for greenhouse gas reduction and odor control. The cost to install the
system is relatively low but usually little or no revenue can generated.

2) Plug-Flow Digesters have been used on farms in the United States for over 20 years.
They typically are elongated roofed tanks. Manure flows by gravity through the system
and is either gas mixed or not mixed at all. Plug flow is accomplished by a batch or a
defined portion of the digester contents moving through the digester as one batch or
“plug”. Typical hydraulic retention time is about 20 to 30 days. Plug-Flow digesters work
best with substrates that have thicker consistencies. They also do not operate as well
with mixed feedstocks since there is very limited mixing. Plug-Flow digesters can be
operated either as a mesophilic or thermophilic process.

3) Complete-Mix Digesters can be mesophilic or thermophilic and can be single stage or
multistage. The digester generally consists of a covered tank with a mixing system. The
entire contents of the digester are constantly mixed. Single stage digesters have all the
digestion processes occurring in a single tank. Multi stage digesters generally have the
acid phase of the digestion process occurring in the first tank and the methane
production phase occurring in the second tank. Detention times vary but are generally
at least 20 days and can be as high as 40 days.

Thermophilic complete-mix facilities usually have a smaller foot print than a mesophilic
system, but consume a much greater amount of energy to maintain the elevated
temperatures. Some multi stage digesters will have one stage operating in the
thermophilic range and second in the mesophilic range. The thermophilic process is less
stable and less tolerant of temperature fluctuations than mesophilic digesters.

4) Attached Growth (Fixed-Film) digester is designed with media inside the tank to provide
additional surface area for the bacteria to grow. Thus more bacteria are retained within
the tank. Attached growth systems have been shown to provide complete digestion in as
little as 5 days. Therefore the size of the facility can be much smaller than other types of
digesters. However they do not work with high solids or fibrous materials such as
manure since it plugs the media. They have been used for the liquid fraction of the
manure where the solids have been separated prior to digestion. The major disadvantage
with only digesting the liquid is the gas production is generally less than 50% of the
maximum potential of the manure.

C. Recom mended Digester

The proposed feedstock for the Pioneer Farm digester consists of several different substrates
and will have a solids content of approximately 6.5%. The complete mix digester is the best

suited system for this type of feedstock. The proposed digester is a single-stage system with
a 30-day detention time using the mesophilic process. This system will require less heat
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energy than a thermophilic system and the mechanical mixing keeps the microorganisms in
contact with the substrates. The mixers will actually operate on a timed basis for
approximately 15 minutes per hour. This provides sufficient complete mixing time and also
reduces energy costs. The proposed anaerobic digester tank is 50 feet in diameter and 20
feet in height with a volume of approximately 280,000 gallons. About half of the proposed
digester will be constructed below grade and the exposed walls will be insulated to retain
heat. Figure 1 presents the design summary for the proposed digester.
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IIT) Energy Use

A. Biogas Utilization

There are several different ways biogas produced at the Pioneer Farm could be used that
would result in a reduction in total energy consumption. The biogas could be used on-site in
place of liquid propane (LP) gas; to produce steam and hot water for on-site heating; or used
to produce electricity for on site use or supplied to the distribution system for regional
consumption.

1)

2)

UW-Platteville

On Site Utilization

In order for biogas to be used for space heating, hot water heating and other similar
uses on-site, gas cleaning, compression and storage facilities would be required.
Impurities and moisture contained in biogas must be removed to allow the gas to be
utilized by the appliances at the Pioneer Farm. Subsequently gas compression and
storage would be required to provide a readily available volume of pressurized gas when
required. The capital and annual costs for these facilities render this option impractical.
Finally, the on-site demand for gas is highly variable throughout the year and the total
annual demand is insufficient to consume the projected volume of biogas produced by
the digester.

Providing a steam generation system for use at Pioneer Farm is not a practical option. In
addition to the cost of the system there is not a large or consistent demand for steam at
the farm. Electrical energy is a more useable form of energy for the needs at the farm
but turning a turbine generator with steam is not cost effective when there is a readily
available source of methane.

Generation of Electricity

The best use of the biogas at Pioneer Farm is to produce electricity for on-site use or
supplied to the regional electrical distribution system. There are several different types of
electrical generation systems that can use biogas as fuel including an internal combustion
engine generator, a micro-turbine generator and a fuel cell. The internal combustion (IC)
engine is the most common type of generator and normally runs on diesel fuel but can
be modified to use natural gas or biogas as fuel. A micro-turbine is based on the same
technology as a jet engine to turn the shaft. A fuel cell uses an electro-chemical reaction
instead of combustion of the fuel to produce electricity and heat. The fuel cell uses the
heat to initiate and maintain the reaction.

The anaerobic digestion process requires a large amount of heat. The micro-turbine
produces very little heat and the fuel cell uses the heat it produces. Conversely the IC
engine produces a large amount of excess heat that can be used to heat the digester.
Manufacturers of the IC engine generators provide systems to capture this heat called
combined heat and power (CHP) systems. The IC engine generator with CHP is proposed
for the Pioneer Farm facility. Preliminary sizing of the IC gen-set indicates a 100 kW
system can be supported by the proposed anaerobic digester.
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According to information from Alliant Energy the Pioneer Farm, including the swine farm,
uses 85 kW of electricity on average. Given the expected efficiency of the generator and
the electricity used by the digester system, the amount of electricity available for use will
be about equal to the load used on the farm. Thus using the electricity on site and
feeding the electricity to the regional grid are both possible options.

B. Heat Capture

Efficient use of heat energy is the key to a cost-effective anaerobic digester system. The
largest heat requirement is to raise the temperature of the digester feedstock and maintain
the digester contents near 100 degrees F continuously.

1) Digester Heating

The proposed anaerobic digester tank is 50 feet in diameter and 20 feet in height with a
volume of approximately 280,000 gallons. About half of the proposed digester will be
constructed below grade and the exposed walls will be insulated to retain heat. For heat
consumption calculations the feedstock (9,000 gpd) was assumed to be at 45 degrees F
with a digester operating temperature of 100 degrees F. For the worst case, during
January, the average ambient temperature was assumed to be 0 degrees F, and a soil
temperature below the frost line of 45 degrees. The maximum energy requirement to
heat the feedstock and to maintain the digester at 100 degrees F is about 497,000
BTU/hour. The proposed CHP system can produce 500,000 BTU/hr which will be enough
heat during the coldest part of winter. During the summer months (average ambient
temperature of 72 degree F) the digester will require only about 280,000 BTU/hour. For
all but the coldest days there will be a surplus of heat generated by the CHP system. The
heat consumption calculations are conservative because the minimum operating
temperature for the digester is 95 degrees F and the temperature of the feed stock is
expected to be about 55 degrees during the coldest periods due to the proposed feed
stock preheating system as described in the paragraph below. If the digester
temperature is maintained at 95 degrees F the heat required during the coldest days is
approximately 470,000 BTU/hr combined with a feed stock temperature of 55 degrees F
the total heat required is 440,000 BTU/hr. There will also be days when the average
temperature is below 0. With a digester temperature of 95 degrees and a feed stock
temperature of 45 degrees, the system will be able to provide enough heat for an
average ambient temperature of about 12 degrees below zero. Thus the proposed
100kW CHP generator system should be able to support the energy requirements of the
proposed digester.

2) Parasitic Consumption

Energy consumed in the operation of the digester system is considered parasitic use
because it takes away from the energy available for external purposes. The feedstock
grinder, pumps, mixers, screw press and associated controls needed to feed, heat, and
mix the digester will use approximately 5 kW of the electricity produced by the
generator.
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3) Hot Water for On-site Use

Excess heat from the CHP system can be used for different purposes to reduce the
amount of energy consumed at Pioneer Farm or by the digester. The farm uses hot
water to wash down the milking parlor and occasionally to flush the manure flume in
winter. Excess heat will be used for hot water heating and/or for preheating digester
feed stocks.

4) Pre-heat Feed Stocks

As previously mentioned the proposed system will include a heating system to increase
the temperature of the feed stock mixture prior to entering the digester. Two heat
sources are available to use for the preheating system: excess heat from the CHP system
and pressate water from the dewatering screw press. The digested solids will be
dewatered through a screw press which will produce pressate water that will be at
approximately 95 to 100 degrees. Either source of heated water would travel through a
double pipe heat exchanger to impart heat to the feed stock.

UW-Platteville Page 8
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IV) Feed Stocks

The UW-Platteville representatives identified eight sources of waste materials (substrates) that
could be used as feedstock for an anaerobic digester. The following table shows estimated biogas
production based on results from comparable anaerobic digesters as well as production rates
received from scientific literature. The following chart shows expected substrate volumes with

biogas production.

Substrates Annual

Estimated Biogas

Average Methane

Tonnage Production Content

Liquid Cattle 10,615 9,430,000 ft3/yr 55-60
Manure

Solid Cattle 1,100 2,135,000 ft3/yr 60
Manure

Whey 2,200 1,525,000 ft3/yr 50 - 55
Vegetable Waste 210 460,000 ft3/yr 50 -55
Food Waste 132 580,000 ft3/yr 60 - 65
Hog Manure 120 67,000 ft3/yr 50
Glycerin 2 46,000-fe3/yr 56
Grass 0.7 2,000 ft3/yr 55

A. Liquid Cattle manure:

The current dairy operation at Pioneer Farm of 150 head of milking cows provides a total of
approximately 6900 gallons scrape manure every day with a total dry solid content of 6.6%.
With its well balanced nutrient level and high buffer capacity the liquid cattle manure forms a
solid basis for a stable anaerobic digestion process and allows other materials from off-site
sources to be added to the feedstock mix.

The dairy manure makes up the majority of the feedstock volume and is the driver of the
digester system. The liquid cattle manure will account for approximately 60% of the total gas
production. The recommended hydraulic detention time of 28 to 34 days will produce an
average biogas volume of 0.32 ft3/Ib of raw manure. The estimated methane concentration
will be approximately 57 — 60%.

UW-Platteville
Proposed Renewable Energy Center

# Bonestroo
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B. Solid cattle manure:

Pioneer farm also has heifers and calves held in an open pen and manure from these cows is
collected in a “solid” form. The amount of solid manure that can be collected is about 1,100
tons per year. The solid manure is needed to even out the nutrient levels and increase buffer
capacity for the other feedstocks (mainly whey). The solid manure has about three times the
dry solids content than liquid manure and therefore the expected biogas production per
pound of feedstock is about three times that of liquid manure (0.96 ft/Ib). The solid cattle
manure will account for about 18% of the total gas production.

C. Whey:

A local cheese processing facility produces up to 10,000 gallons of whey waste on a weekly
basis. The whey is colored from the cheese making process and cannot be sold for other
uses. The processor currently land applies the whey for final disposal. Whey is a good carbon
source and depending on the quality can yield biogas at the rate of 0.3 - 0.6 ft3/Ib of whey.
The average methane concentration of the biogas from whey is 50 - 55 percent. The whey
will be by far the largest source of feedstock material from outside the farm.

A critical function of the whey will be to replace some of the flush water in the liquid manure.
On average about 1400 gallons of whey will be mixed in with flush water each day.
Substituting the whey for clear water reduces the total volume of feedstock mix and thus
reduces the volume of the digester. Introducing less water into the feedstocks improves the
quality of the mix and the efficiency of the digester system.

D. Vegetable Waste:

Produce retailers like Walmart and Aldi discard aged vegetables daily. These establishments
in Platteville waste approximately four tons of vegetable matter each week. The vegetable
waste provides a constant and defined source for green energy. Contaminants such as card
board and plastic should be removed before the organics enter the digester. The green waste
would be a good supplement to the digester recipe, and would provide about 4% of the total
estimated gas production. Digested vegetable waste also has a very high yield of biogas of
1.05 ft3/Ib of raw waste.

E. Food Waste (UW-Platteville):

Another possible source of digester feedstock is the food waste from the cafeteria at the UW-
Platteville campus. An estimated 120 tons of cafeteria waste are produced each year. Tests
carried out with pre-consumer food waste revealed a very high biogas production of 2.2
ft3/Ib of raw food waste with an average methane concentration of 57 - 60%. Pre-consumer
food waste is extra food that has not been served to people.

Cafeteria food waste is post-consumer waste and will contain other waste such as plastic
utensils, paper plates, cups and napkins. In addition other unexpected contaminants can be
introduced to the waste. Another disadvantage of using the cafeteria waste as a feedstock is
the volume produced will decrease during the summer when the number of students
attending school drops dramatically. A consistent mix of substrates provides a better
environment for the microorganisms in the digester which leads to less operational issues.

UW-Platteville Page 10
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If cafeteria waste is used as a feedstock, strict cleaning and separation of paper and plastic
waste from the food waste is recommended to protect the digester process and
components.

UW-Platteville currently mows 4 acres of grassland. The four acres will produce several tons
of grass per year. Fed into a digester system, the total tonnage will generate around 2,100
ft3 of biogas per year. Similar to the vegetable waste grass provides a good yield of biogas
per unit weight.

H. Hog manure:

The Pioneer Farm also has a hog operation that presently houses 75 hogs. The hogs produce
an estimated 120 tons of manure per year. The hog manure would produce about 67,000
ft3/yr of biogas which is about 1% of the total volume of biogas projected to be produced by
the digester. The cost of modifying the barn to collect the manure would likely outweigh the
benefits of digesting the manure.

I. The Feedstock Recipe:

The proposed recipe for the UW-Platteville digester consists of liquid dairy manure, solid
cattle manure, whey, vegetable waste, grass and ghyeerin. With the estimated volumes and a
hydraulic detention time of 28 - 30 days in the digester, the projected electrical output is 80
to 100 kW. The recipe requires the whey to be mixed with the manure flush water to reduce
the total amount of water in the liquid manure. Once a feedstock mix has been established,
the recipe should not be changed for several months. If changes are made, they should be
accomplished very slowly to allow the microorganisms to adjust to differences in substrate
composition.

The digester's biogas production, and thereby the electrical output, could be increased by
increasing the percentage of whey fed into the system. After the digester system has
stabilized the amount of whey could slowly be increased if there is a source of additional
whey. However, overall nitrogen levels as well as Carbon to Nitrogen (C:N) ratio need to be
closely monitored.
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The cafeteria food waste is not recommended to be used at this time due to the probability
of paper and plastic waste or other contaminants in the waste. Also the hog manure does not
appear to be a viable option at this time. The volume of grass and glyeerin are relatively
small but should be added to full feedstock tanks and mixed thoroughly prior to being fed
into the digester.

A consistent feedstock mix will result in @ more consistent gas output and fewer operational
issues.
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The biodiesel plant is NOT included in this project.
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PROPOSED RENEWABLE ENERGY CENTER — UW-PLATTEVILLE

VI) Logistics

A. Transport of Feed stocks

The cheese processor indicated that whey will be transported in a batches of 5,000 gallons
approximately twice per week. The proposed digester system includes a 6,000 gallon whey
receiving tank to be located near the existing flush water tank on the north side of the dairy
center. Whey would be gravity fed in to the flush water tank at a rate of approximately 1,500
gallons per day.

Vegetable waste from grocery stores would be transported to Pioneer Farm periodically
throughout the week. The vegetable waste will be dumped into a hopper inside the existing
soils separation building. The hopper will funnel the waste into a grinder and then into a
proposed 3,000 gallon holding tank. The same hopper and grinder will receive the solid
manure from the heifers and young cattle at the farm.

Site work and minor modifications to driveways will be required to allow space for tractor-
trailer trucks to deliver the feedstocks. The trucks will need to be able to drive around the
Education Center to the area near the Solids Separation Building and near the existing
manure receiving pit.

Other feedstocks such as glyeerin; grass and food waste, if used, can be put into the
vegetable waste receiving tank (wastes will go through the grinder and drop into the tank).
The glyeerinand grass are produced on site in relatively small volumes and can be
transported by a skid steer or small truck. Food waste will be transported from off-site and
put into the grinder.

B. Waste Streams

The two main waste streams from the digester facility will be liquid from the digested solids
and the digested solids. The liquid from the screw press will be discharged into the existing
lagoon for final disposal by land application. The dewatered digested solids are a valuable
nutrient rich product that can be sold as a soil amendment. The solids could be added to the
existing compost process, sold in bulk, or bagged for sale at a nursery or other retail outlet.
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C. Permitting

The Wisconsin Department of Natural Resources (WDNR) permits agricultural operations
when they reach a certain size based on the number of animals. The Pioneer Farm is not
required to have a permit from the WDNR for the animal/dairy operations. However the
WDNR may require a permit for the anaerobic digester facility because some of the waste
proposed to be digested is generated from another facility. A permit can be required when
more than 10% of the waste is from an off-site source but there is not a definitive rule on
when a permit must be issued. Based on the feedstock recipe discussed previously, about
88% of the proposed feedstock will be generated at the Pioneer Farm. The proposed digester
was discussed with WDNR representatives and their opinion was a permit is not likely to be
required for the current feedstocks. However to allow flexibility in operations and future
feedstocks that the UW-Platteville operators may want to use, a permit application should be
submitted to WDNR. Permit processing, public notification and final publication can take 6
months or more to complete.

UW-Platteville Page 17
Proposed Renewable Energy Center # Bonestroo 004065-09001-0



PROPOSED RENEWABLE ENERGY CENTER — UW-PLATTEVILLE

VII) Cost Analysis

The costs and revenues described in the following paragraphs are summarized in Table 3 and
Table 4 on the following pages.

A.

1)

UW-Platteville

Capital Costs

Capital costs include the cost of purchasing equipment and materials for the digester
and-biediesel systems as well as the labor to construct the facilities. Also included as
a capital cost are the administrative and engineering costs for the project. As shown
in Table 3, the project will qualify for a grant of about $156,000 from the Focus on
Energy program (Attachment 1 includes Alliant Energy’s calculations for the grant).
The grant amount is deducted from the capital cost of the digester.

Annual Costs

Annual costs include recurring costs that are required to operate and maintain the
systems and also to replace worn or malfunctioning equipment. One such item is the
engine turning the generator requires an annual oil change and tune up as well as a
major rebuild every 4 to 5 years. The largest expense is replacing the media in the
biogas conditioning system which according to the manufacturer’s recommendations
should be done every year.

Revenue and Payback

The guidelines from the Wisconsin Department of Agriculture require that the project
be able to recoup all costs within 16.07 years. Revenue from the Platteville system
will be generated from the electricity produced, selling digested solids and from
utilizing excess heat from the engine-generator to reduce the energy used at the
farm.

Electricity

The Utility serving Pioneer Farm is Alliant Energy. Alliant has a program to buy green
energy from private producers and pay peak rate for the power. During this study
and application for the UW-Platteville digester system to be included in the program
was submitted to Alliant (Attachment 2 is the completed Alliant Application). Some of
the electrical power is purchased at a peak rate of $0.12/kwh and some power is
purchased at the off peak rate of about $0.078/kwh. As shown on Table 3, the
revenue from the sale of electricity under the Alliant program would yield about
$71,400 per year.

The Alliant program has limited capacity. If the program is not available, the
electricity could be used at the farm. In order to accommodate this some significant
changes in the farm’s electrical system would be required. According to energy use
records the Pioneer Farm, including the swine operation, currently pays about $7,100
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UW-Platteville

per month for electricity on average. One issue with the electrical use at the farm is
it varies throughout the year whereas the generator would provide an almost
constant source.

Excess Heat Utilization

For all but the coldest days of the year the proposed engine generator will produce
more heat than required to heat the digester feedstocks and the digester tank. This
excess heat can be used to heat water used for manure flushing and for cleaning the
milking parlor. Cost savings would be realized from the reduced energy consumption
at the farm.

Sale of Digested Solids

Digested solids can be sold in bulk or bagged. Bulk sales are typically $10 to $20 per
ton and are usually sold to customers on site. The customers are responsible for
transportation. Bagged biosolids are generally palleted and sold wholesale to a
retailer. The cost of for the bagging equipment for the Pioneer Farm facility would be
around $30,000. Assuming 950 tons of biosolids annually would create 38,000 bags
that would sell for $2 to $3 per bag. Assuming a profit of $1 per bag, the system
would pay for itself within one year.

There currently appears to be a market for digested biosolids. This may change in
the future with the addition of more regional digesters. The cost analysis includes a
projected $30,000 per year that this system would generate.

Digested biosolids will need to be stored on pallets until enough bags are produced
to warrant transport. It appears that 1 to 2 pallets will be produced per day.
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VIII) System Operation

A. General Digester Operation

Digesters can be either batch fed or continuous fed. Batch fed digesters are as the name
implies loaded at the same time and than emptied once digestion is complete. Continuous
feed digesters are fed continuously or at set intervals. Basically as they are loaded, equal
amounts of waste are discharged. Since the intention is to power a generator at this facility
batch feeding is not recommended.

The failure of a digester typically results from improper feedstocks, large temperature
variations, poor mixing or an excessive feed rate. Care must be taken when changing or
increasing feedstocks. There must be a proper carbon to nitrogen ratio, ideally 20 to 25. Also
the pH must be maintained close to neutral. A decrease in pH can lead to much lower gas
productions. If the substrates are introduced at a high rate the pH can drop due to
hydrolysis. Another problem that can occur, particularly with dairy waste, is toxic materials
such as fungicides and antibacterial agents can get into the system. These substances can
kill the microorganisms in the digester and stop the digestion process. Careful use, storage
and disposal of these materials must be employed at the farm.

Hydraulic retention time changes as the volume of feedstock changes. In a situation where
the feed stock volumes may increase the retention time could become low enough that wash
out of the microorganisms occurs and more bacteria leave the system than can grow in the
system. The obvious affect is a decrease in gas production.

Large temperature changes in the digester can also have a deleterious affect on the bacteria
in the system. Mesophilic digester temperature should not fluctuate more than 1 degree in
any one day and should be maintained as close to 100 degrees F as possible without
dropping below 95 degrees. If the feedstock is pumped to the digester at a very cold
temperature or at a high rate, the temperature in the digester can drop significantly causing
disruption of the digestion process.

Another problem frequently observed with digestion of manure is variable gas production
caused by poor mixing. This typically occurs when one of the mixers fail or sufficient mixing
energy is not provided. Complete mixing is also very important when using different
substrates in the feedstock. Feeding and maintaining a homogenous substrate will produce a
more consistent biogas as well as a higher volume of biogas than a poorly mixed substrate.

Most digesters are designed to heat themselves with either a methane boiler system or waste
heat off the generator engine. Large gen-sets tend to have much more waste heat than the
digester needs in the winter. However small systems typically do not, so if the gas production
decreases for some reason the heat output from the generator drops accordingly and this in
turn lowers the temperature in the digester. This cascading effect typically leads to digester
failure. Thus it is usually recommended that a back up source of energy be available for the
generator in case gas production drops. This can be propane or natural gas. The gas can be
used to power the gen-set or fire a boiler with the main purpose of keeping the digester tank
heated.

UW-Platteville Page 20
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B. Proposed Platteville Operation
1) Substrate Receiving and Handling

The manure produced at Pioneer Farm makes up the majority (7,700 gallons) of the total
volume (9,200 gallons) of substrates that will be fed into the digester each day. The
other substrates, cheese whey and vegetable waste, will be transported to the farm and
discharged into receiving tanks. The cheese whey delivery is anticipated to occur twice
per week and the vegetable waste will be delivered several times per week. Cheese whey
will be mixed with the flush water to reduce the amount of water that is added to the
manure. There will be approximately 1,000 to 1,500 gallons per day mixed in with the
4,000 gallons of flush water. Substituting the whey for the flush water is important to
reduce the total amount of water in the manure and thus reduce the volume of water
that goes into the digester. If the whey is not used with flush water then the size of the
digester would have to be increased thereby increasing the capital cost to construct the
digester.

The vegetable waste, ghyeerin; grass and solid manure will be received in a new concrete
tank that will be constructed below grade and located near the existing solids separation
building. These substrates will be discharged into a hopper and ground by a mechanical
grinder and then drop into the receiving tank. The manure/whey mixture will be pumped
into this same tank and mixed by recirculating the flow through the tank. After
recirculation the mixture will be pumped through a heat exchanger to preheat the
feedstock, and then into the digester. The hopper and grinder are proposed to be located
in the solid separation building to avoid freezing in the winter.

2) Feeding the Digester

The feedstock mixture will be pumped to the digester 6 to 8 times per day which results
in about 1200 to 1,500 gallons per cycle. Feeding the digester in this manner will reduce
the impact on the digester temperature by introducing less “cold” material. Introducing
food to the digester at a more consistent rate creates a more stable environment for the
microorganisms than dumping the entire daily volume of feedstock at one time. For this
same reason, maintaining a consistent feedstock mixture is important as well. The
proposed system will be operated automatically using cycle timers for pumps. When the
existing pump in the manure receiving pit is called to operate the pump in the new
vegetable/solid manure receiving tank will also be called to run to mix the tank contents
for an adjustable period and then pump to the digester.

3) Removing Digested Material

Similar to feeding the digester, removing the digested material from the tank will occur
on a cyclical basis. The proposed system includes allowing the waste material to flow
from the tank by gravity. The elevation of the water level in the tank will accommodate
this operation and push the material into the solid separation press. The solids separation
equipment is proposed to be located in the same building that was used for dewatering
manure. Dewatered solids will drop onto the lower level of the solids separation building
where they can be moved by a skid-steer or small tractor/loader. The heat exchanger for
the feedstocks will also be located in this building.
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Digested material is expected to be discharged at about 2.5% total solids (TS) and be
dewatered to at least 30% TS content. The water from the screw press (pressate) will
flow through the heat exchanger for the feedstock mixture and then the pressate will be
discharged into the existing manure lagoon. Pressate volume will be approximately 8,300
gallons per day or about 3,000,000 gallons per year. This liquid is anticipated to be land
applied once or twice yearly. The dewatered solids will be sold as soil amendment.

4) Biogas System

Biogas will flow under low pressure (less than 1 psi) from under the digester’s flexible
cover into a conditioning system that will remove the hydrogen sulfide from the gas.
Hydrogen sulfide will be reduced to less than 200 ppm which will allow it to be burned by
the generator engine without fouling the engine. The biogas system will include safety
equipment such as flame arresters, gas check valves, pressure monitors, and a gas flare
that will automatically ignite and burn off gas if the pressure in the system exceeds a
safe level. The biogas will contain a high level of moisture that will condense as the gas
cools. Condensate collection is included in the gas piping that will allow this moisture to
be released safely from the system. The gas conditioning equipment is proposed to be
housed in a small metal —sided building near the digester. Guidelines require that the
flare be located at least 50 feet from any structure.

5) Sampling and Monitoring

Throughout the system there will be valves and pipe taps to allow the digester feedstock,
digested material, biogas, and pressate liquid to be sampled. This will allow analysis of
the different streams and close monitoring of the digestion process.

To allow system adjustments and monitoring of the equipment, a system including a
programmable logic controller (PLC) with an interface screen is proposed for the Pioneer
Farm digester control system. The system will allow the operator to adjust cycle times for
the digester feed, feedstock pumping and feedstock mixing. The system will also provide
monitoring of equipment on/off status, digester temperature, engine generator status,
and alarm conditions. Alarm conditions will include high level alarm in feedstock tanks,
high/low digester temperature, pump failure, high/low gas pressure and generator
system alarms. The PLC will have the ability to add other monitoring points and alarm
contacts. The control system will notify the operator by phone when alarms occur. The
control system will also have a computer with software and graphics to show system
status at a remote location.

UW-Platteville
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Training will be a key component to the operation of this system. When the project is
put out to bid we strongly recommend contracting with a firm that has a similar
operational system and agrees to function as a consultant during the first year of
operation.
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PROPOSED RENEWABLE ENERGY CENTER — UW-PLATTEVILLE

IX) Conceptual Plan

A. Site Plan

Figure 2 shows a proposed site plan of the Pioneer Farm including the proposed feedstock

tanks, digester, generator, biogas conditioning building, ard-part-ef-the-biediesel-system. The

digester is located to the east of the existing manure lagoon where there is land area for
future expansion.

B. Digester Process Flow Diagram

Figure 3 presents the proposed flow diagram of the feedstocks and biogas for the anaerobic
digester facilities.
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PROPOSED RENEWABLE ENERGY CENTER — UW-PLATTEVILLE

X) Conclusion

A. Recommendations

Based on the expected revenue from electricity, sales of bagged biosolids, and reduction in
energy cost at the farm, the project has a projected payback period of 14.7 years. This
payback period is less than the 16.07 years allowed by the Wisconsin Department of
Agriculture Guidelines. The total capital cost to construct the digester and appurtenances will
be partially offset by a grant from Focus on Energy in the amount of $156,200.

The recommended anaerobic digester is a complete-mix single-stage system operated at 100
degrees F with a hydraulic retention time of 30 days. The recommended feedstock mixture
consists of liquid manure from the dairy barn, solid manure from the heifer pen, whey from a
local cheese producer, vegetable waste from grocery retailers, grass and-glyeerin-from-the
biediesel-system. An average volume of 9,200 gallons of feedstock mixture will be pumped
into the digester on a daily basis. The different materials will be ground, mixed and
preheated prior to entering the digester. The goal for the operators is to keep the feedstock
mixture, the digester contents and the digester temperature as consistent as possible.
Changes to the feedstock mixture should be incorporated over a period of weeks.

B. Tentative Schedule

The digester system should not be started during cold weather. Starting the operation of the
system in the spring of the year will allow the longest span of warm weather to get the
digestion system stabilized. Construction of the digester tank and other equipment could take
place during winter if all underground piping can be accomplished before the ground freezes.
In order to accomplish startup in the spring of 2011 the project would basically be a design-
build project with ground breaking taking place no later than mid October 2010.

UW-Platteville Page 25
Proposed Renewable Energy Center # Bonestroo 004065-09001-0


kalsck1
Cross-Out

kalsck1
Cross-Out


PROPOSED RENEWABLE ENERGY CENTER — UW-PLATTEVILLE

Figure 1 — Digester Size and Substrates
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UW Platteville editor : M.Groth Renewablg!

Max. Electric Power 150 kW el. date: 26.07.2010 Figure 1: Digester Size and Substrates
Substrate input ta DM oDM
Cattle liquid manure 9.650 6,6% 80,0% 1 Fermenter CHP 150 kWel 4.958 full load h/a

Cattle solid manure 1.000 21,8% 82,3%
vegetable matter 189 15,0% 78,0% Feed-in volume to power suppy company b&{@z8|7ese« Aot 6.069.507 BTU
Transformation and feed-in losses about -18.393 kWh/a -62.759 BTU
I I Feed-in volume to power suppy company i 1.268.027 kWh/a 4.326.686 BTU
Whey 2.000 2,8% 92,0% biogas 307.197 m¥a electrical needs of the BGP 88.940 kWh/a 303.475 BTU

CHé4-concentration 57,7 %v @é
ﬁ ﬁ CHP Transformer
‘f External local heat concept 171.956 kWh/a 586.739 BTU
Own heat requirement BGP at 171.956 kWh/a
Z Input fm 12.841ta operating temperature 38 °C
DM 7.33%

Solid feeder
primary digester no secondary digester Separator without storage Digestate (liquid)
nu. of tanks 1 Fermenter Solid phase 923 t/a Output 11.533 t/a 3.046.698 gallon/a
Slurry store Vnet 1.053 m? net 30,0% DM dry matter 2,4%
V net 278.214 gallon V net #WERT! gallon V net #WERT! gallon #WERT! Lb/a
@, inner 150 m Liquid phase 11.528 t/a #WERT! Lb/a
Height inside 6,4 m #WERT! Lb/a
Retention time 30d
Org. loading rati 1,99 kg oDM/ (d*m3 V)
Organic loading 0,12 Lb/ft3 Organic loading ~ #WERT! Lb/ft**d
Freeboard 05m without dryer
gasholder 230 m?

Operating Temp ~ 100,4 F°

#WERT! gallon
#WERT! Lb/ft>*d

#WERT! gallon

General design! For information only! The shown expected performance is estimated on basis of our experience and is given without guarantee. For a more precise perfomance prediction chemical and biological properties of the feed substrates need to be analysed.
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Figure 2 — New Site Plan
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Figure 3 — Digester Flow Schematic
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Table 1 — Digester Cost Analysis

# Bonestroo



6v1'L6

2IT'299'T

627'€0T

000
000°0€
206'ce
8zs'L€
snuanay
pajewns3

N H P B

(yoyaq) 10 snjding o8foid
sBuines/enuanay JesA 9T [e10L

sBuines/anuanay [enuuy [ejoL

009ty

008°€y
009°28

000'9./8

sbuineg ABiaug JsjemjoH
sa|eg spljosolg pabbeg
soleg ABiau3g yead-yo %8S
so|eg ABisuz Yead %z
uonduosaq

9|es 104 d|qejleAy MY [ej0L
uoidwnsuo) oyiseled

(ss0] %01) Aouaioy3 %06
padnpoid A [BloL

€99'v9S'T $
08E'9Ys ¢
000'v€ $

000'¢ $
0002} $
000'61 $

€82'8T0'T $
PARA T
00S'vZL'L $
000°08 $
00S‘v60°L $
005°66 $
00066  $

000°06
000°0¢
000°0€
000°0S
000°0L
000°0S
000°09
000°0S
000°0L
0000
000°0L
00009
000°0L
000°0L
000°S¥
000°G.L
000°02
000'S€E
000°02
000°0L
000°0L
1800
pajewns3

PR P E D PR DR R DN R RN RN R RN

(siseg JA-9T) S1S0D [e10] [[eJOAO
S1S0D INRO JedA-9T [e10L
1800 N0 lenuuy
Juswaoe|day ‘siieday oSN
juswaoe|day elpapy waisAg Buluonipuo) seboig

@oUBUBJUIBI ‘IO JojRIBUSD)
S1S0D WO [enuuy

150D [endeD [ejoL
juel ABiau3z uo snoo4
150D 193[01d [e10L
Bupueul4 ‘ulwpy ‘Bug
150D 1)sU0Y [BJO L
(%01) Aouabunuo) Jysuod
|EJOIQNS UONONASUOD

vavos ¥ [edMo9|3 L
juswdinbg Buibbeg spijosolg 0z
SIOA 9IS ‘UuolleABdX3 61
wa)sAg i8I [e01}08|3 0} UOIOBUUOD 8|
(Buneayaud yooyspas4) dwngd ‘buidid syessald /|
ssald ‘Buidid spijos peysabiqg 9|
Buipjing g wajsAg Buues|) seboig G|
dinb3 Ajajes ‘ale|4 seboig 4|
Buidid seboig ¢|
J0)eI8UAY) Z|
SISXI 0} WIofie|d @ JoppeT] SS800Y ||
(SS ¥0€ ‘dH G1 © 2) s1exiy Je3sebla 01
19)s9b1Qq Joy Buidid 1esH 6
Buipis [elay pue uopensu| Je)sabiq g
spoddng ‘1ano) Jsysabiq 2
(s1010u00 €IQ 0G) Yue] J8¥sabiq 9
Buidid paa4 Jaisabiq g
JaddoH % Jepuu9)
(126 000¢) Buidid ‘dwind ‘Sue | ainue pilog/aisep [QIBsA €
Buidid ainuep/Aeuym g
(1e6 0009) NueL Buinoay ASUm |
Tondnosaq

109lo.1d J8ysabiq oiqosseuy
alianeld” Mn



PROPOSED RENEWABLE ENERGY CENTER — UW-PLATTEVILLE

Attachment A — Alliant Application
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Public Service Commission of Wisconsin
P.O. Box 7854
Madison, WI 53707-7854

6028 (12/01/05)

Distributed Generation Application Form (Generation of Greater than 20 kW to 15 MW)

| Distributed By | |

Supplied By

Name and Address

Name and Address

Bonestroo

2335 West Hwy 36

St. Paul, MN 55113

Chuck Oehrlein T: (651) 604-4793 E: chuck.oehrlein@bonestroo.com

Public Service Commission of Wisconsin
P. O. Box 7854
Madison, WI 53707-7854

1. Applicant Contact Information (who will be contractually obligated for this generating facility)

Company: UW Platteville (Farm)

Representative: Robert Cramer / Peter Davis Title: Asst.Chancellor / Director of Facilities

Street Address:

One University Plaza
Platteville, WI 53818

Latitude - Longitude (optional):

County: Grant / Lafeyette

(i.e. 49° 32' 06" N -- 91° 64' 18" W)
Mail Address:

(if different)

E-mail Address: cramerr@uwplatt.edu / davisp@uwplatt.edu

Emergency Contact Numbers

Phone Number: (608) 342-1155 Evening Phone Number:

Fax Number: Weekend Phone Number:

2. Facility Contact Information (where the generating facility will be installed)

Company: "same as item 1"

Representative: Title:

Street Address:
29510 College Farm Road

Platteville, WI 53818-2099
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Page 2 -- 6028 -- Distributed Generation Application Form (Generation of Greater than 20 kW to 15 MW)

Mail Address:
(if different)

E-mail Address:

Phone Number: Fax Number:

|3. Electric Service Account Number

233814-020

|4. Project Design / Engineering

Company: Bonestroo, Inc.

Representative: Marty Koopman / Chuck Oehrlein Title: Team Leader / Electrical Project Manager

Street Address:

1203 Storbeck Dr.
Waupun, WI 53963

Mail Address:
(if different)

Same as above

E-mail Address: marty.koopman@bonestroo.com / chuck.oehrlein@bonestroo.com

Phone Number: (920) 324-8600 Fax Number: (920) 324-3023

5. Electrical Contractor

Company:

Representative: Title:

Street Address:

Mail Address:
(if different)

E-mail Address:

Phone Number: Fax Number:




Page 3 -- 6028 -- Distributed Generation Application Form (Generation of Greater than 20 kW to 15 MW)

|6. Applicant's Ownership Interest in the Generation System

(e Owner C Co-Owner (" Lease C Other:

|7. Primary Intent of the Generation System

( On-site use of power (¢ Commercial power sales to a third party
If on-site use of power, please describe the mode of operation:
(e peak shaving/demand management (" primary power/base load (— Combined heat and power or cogeneration

(C standby/emergency/backup (C Other:

|8. Type of Interconnection Operation

(e Parallel operation ( Momentary parallel operation (" Isolated operation (if checked, no application necessary

|9. Electricity Use, Production and Purchases

a. Anticipated annual electricity consumption of the facility or site: (KWh)/yr.
b. Anticipated annual electricity production of the generation system: 662,694 (KWh)/yr.
c. Anticipated annual electricty purchases (i.e., (a) - (b)) (kWh)/yr.*

* Value will be negative if there are net sales to the Public Utility. 89 x 8760 x .85

10. Estimated Construction Start and Completion Dates

Start Date: 11/15/2010 Target in-service date: 3/15/2011

11. Supplementary Information (attach additional sheets if needed)

a. Provide one-line schematic diagram of the system:
b. Control Schematics

c. Site Plan: show major equipment, electric service entrance, electric meter, location of distributed generation and
interface equipment, location of disconnect switch, adjoining street name, and street address of distributed generation.

12. Design Requirements

a. Has the proposed distributed generation paralleling equipment been certified? (CYes (e No (%)
b. If not certified, does the proposed distributed generator meet the operating limits defined

in Wis. Admin. Code chapter PSC 119? @Yes (TNo
c. Isthe proposed distributed generation a Qualifying Facility (QF)? (CYes (" No

For items 12(a) and 12(b), if your answer is yes, please furnish details (e.g., copies of manufacturer's specifications).
If you do not know the answer, it is recommended you contact the equipment manufacturer for the answer
and provide the same with the completed application.

(*) Is not certified by NRTL. This will apply more to investors, which are absolute stamp out of design.
In this case, the equipment meets Wis. Admin. Code Chapter PSC119.



Page 4 -- 6028 -- Distributed Generation Application Form (Generation of Greater than 20 kW to 15 MW)

13. Generator Information (complete for each generator)

Generator No. 1

Manufacturer: Marathon Model No.: 431RSL4005

Version No.: Serial No.:

Generation Type: ( Single Phase (s Three Phase

Generation Type: (e Synchronous ("~ Induction (O Inverter C Other

Prive Mover Energy Source: (" Natural Gas (~ Steam (" Wind (" Sun (e Biomass (" Other

Ratings: (e prime ( standby

C 100 kW C kVA 277/480 volts (output)
Rated Current: 233 amps Frequency: 60 hertz Rated Power Factor: 80 (%)
Power Factor Adjustement Range: 0.8 min 1.0 max
If three-phase, winding configuration: (" 3 wire delta (" 3 wire wye (e 4 wire wye
Generator No. 2
Manufacturer: Model No.:
Version No.: Serial No.:
Generation Type: ( Single Phase (" Three Phase
Generation Type: ( Synchronous (" Induction (C Inverter C Other
Prive Mover Energy Source: (" Natural Gas (~ Steam (" Wind (" Sun (~ Biomass (" Other
Ratings: ( prime ( standby

C kW C kVA volts (output)
Rated Current: amps Frequency: hertz Rated Power Factor: (%)
Power Factor Adjustement Range: min max
If three-phase, winding configuration: (" 3 wire delta (" 3 wire wye (4 wire wye
Neutral grounding system used: (" ungrounded (" solidly grounded (* ground resistor (ohms)
For synchronous generators (KVA base): For induction generators (KVA base):
synchronous reactance: 3.33 pu (Xd %) locked rotor current: (amps)
transient reactance: 0.206 pu (Xd' %) stator leakage resistance: (Rs%)
sub-transient reactance: 0.165 pu (Xd" %) rotor resistance: (R %)
zero requence reactance: 0.055 pu (Xo %) rotor leakage resistance: (R %)
negative sequence reactance: 0.304 pu (%) %)

Generator Data Sheets Attached
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For category 4:

M1 (momentum constant) stator reactance: (Xs0)

M2 (momentum constant) rotor reactance: (X %)
Field Voltage magnetizing reactance: (X %)
Field Current short circuit reactance: (X4 %)

Note: If there are more than two generators, attach an addtional sheet describing each.

14. Interface Information

Generator Synchronizer Inverter for DC generator
Manufacturer: CpmAp Manufacturer:

Rating: UL508 Rating:

Model No: Intelisys-NT Model No:

Automatic or Manual Synchronizer: Automatic Line or Self Commutaed Inverter:

15. Protection Equipment (attach additional sheet if necessary)

Protective Device 1 Protective Device 2
Manufacturer: Beckwith M3410A Manufacturer:

Range of Available Setting: 25 27 32 40 46 47 Range of Available Setting:
Trip Setpoint: 51N 51V 59 81 O/U Trip Setpoint:

Trip Time: See attached Trip Time:

Describe operation for disconnecting the generator or inverter Describe operation for disconnecting the generator or inverter
in the event of a distribution system outage: in the event of a distribution system outage:

See attached Description

16. Short Circuit Current Contribution of the Proposed Generating Facility

Distributed Generator Short Circuit Current (filled out by applicant)

Singe Phase to Ground 1110 amps  Three Phase Symmetrical 1414  amps  Three Phase Asymmetrical 2450  amps

Assumption of Distribution System Short Circuit Current (filled out by electric provider)

Singe Phase to Ground amps Three Phase Symmetrical amps  Three Phase Asymmetrical amps
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17. Short Circuit Interrupting Rating of Interconnection Disconnection Device

25 KA amps (symmetrical) amps (asymmetrical)

|18. Does the Facility Start with the Aid of Grid Power?

(C Yes (e No If yes, what is the inrush current amps (inrush current)

|19. Will you install a Dedicated Transformer?

(" Yes (o No If yes, please describe. Rating KVA Primary Volts
Secondary Volts Impedance

Type of transformer connection:

20. Liability Insurance

Carrier: State of Wisconsin is self insured Limits:

Agent Name: Phone Number:

The Applicant, (Site Owner or Operator, if different) shall provide a Certificate of Insurance,
both demonstrating that this liability insurance is in place.

21. Other Comments, Specification and Exceptions (attach additional sheets if needed)

This project is at the UW Platteville Pioneer Farm. It will be a component of the campuses Renewable Energy Degree.

22. Applicant and Project Designer / Engineering Signature

To the best of my knowledge, all the information provided in this Application Form is complete and correct.

Applicant Signature: Date:

Project Design / Engineering: Date:




MARATHON ELECTRIC

Section 6000

GENERATORS Page 1
TYPICAL SUBMITTAL DATA
MODEL : 431RSL4005 |
BASE MODEL: 431RSL4005 Winding H-SG 430049
Submittal Data: 480 Volts*, 155.2 kW, 194 kVA, 0.8 P.F., 1800 RPM, 60 Hz, 3 Phase 10/23/2001
Kilowatt ratings at 1800 RPM 60 Hertz 12 LEADS Standard 3 phase
kW (kVA) 3 Phase 0.8 Power Factor Dripproof or Open Enclosure
Class B Class F Class H
80°C @ 90°C @ 95°C @ 1B?|5tc|)s$1 105°C 130°C © lBZr|5tc|)s$1 125°C 150°C ©
Voltage* Continuous Lloyds ABS Standard Continuous Standby Standard Continuous Standby
480/240 | 126 (158) 135 (169) | 139 (174) 145 (181) 145 (181) 155 (194) 146 (183) 154 (193) 160 (200)
460/230 | 131 (164) 137 (171) | 140 (175) 146 (183) 146 (183) 153 (191) 149 (186) 153 (191) 153 (191)
440/220 | 126 (158) 132 (165) | 135 (169) 140 (175) 140 (175) 146 (183) 146 (183) 146 (183) 146 (183)
416/208 | 118 (148) 124 (155) | 127 (159) 132 (165) 132 (165) 138 (173) 137 (171) 138 (173) 138 (173)
380/190 | 109 (136) 115 (144) | 117 (146) 122 (153) 122 (153) 122 (153) 122 (153) 122 (153) 122 (153)

®Rise by resistance method, Mil-Std-705, Method 680.1b.

British Standard Rating per BS 5000

Submittal Data: 480 Volts*, 155.2 kw, 194 kVA, 0.8 P.F., 1800 RPM, 60 Hz, 3 Phase

STD. CONNECTION

Mil-Std-705B Mil-Std-705B
Method Description Value Method Description Value
301.1b  Insulation Resistance >1.5Meg| 505.3b Overspeed 2250 RPM
302.1a High Potential Test 507.1c  Phase Sequence CCW-ODE ABC
Main Stator 2000 Volts| 508.1c  Voltage Balance, L-L or L-N 0.20%
Main Rotor 1500 Volts| 601.4a  L-L Harmonic Maximum - Total 5.0%
Exciter Stator 1500 Volts (Distortion Factor)
Exciter Rotor 1500 Volts| 601.4a  L-L Harmonic Maximum - Single 3.0%
PMG Stator 1500 Volts| 601.1c  Deviation Factor 5.0%
401.1a Stator Resistance, Line to Line -—- TIF (1960 Weightings) <50
High Wye Connection 0.0855 Ohms| - THF (IEC, BS & NEMA Weightings) <2%
Rotor Resistance 0.153 Ohms| 652.1a  Shaft Current <0.1ma
Exciter Stator 22.5 Ohms
Exciter Rotor 0.022 Ohms Main Stator Capacitance to ground 0.004 mfd
PMG Stator 2.1 Ohms
410.1a No Load Exciter Field Amps 0.59 ADC
at 240/480 Volts Line to Line Additional Prototype Mil-Std Methods
420.1a Short Circuit Ratio 0.454 are Available on Request.
421.1a Xd Synchronous Reactance 3.33 p.u. -~ Generator Frame 431
3.961 ohms -- Type MAGNAMAXDVR
422.1a X2 Negative Sequence React. 0.304 pu - Insulation Class H
0.362 ohms - Coupling - Single Bearing Flexible
423.1a X0 Zero Sequence Reactance 0.055 pu -- Amortisseur Windings Full
0.065 ohms - Excitation Ext. Voltage Regulated, Brushless
4251a X'd Transient Reactance 0.206 pu - Voltage Regulator DVR2000
0.245 ohms - Voltage Regulation 0.25%
426.1a X"d Subtransient Reactance 0.165 pu
0.196 ohms
-- Xq Quadrature Synch. React. 1.32 pu - Cooling Air Volume 1160 CFM
1.57 ohms
427.1a T'd Transient Short Circuit - Heat rejection rate 1155 Btu's/min
Time Constant 0.068 sec.
428.1a T"d Subtransient Short Circuit - Full load current 233 amps
Time Constant 0.006 sec.
430.1a T'do Transient Open Circuit -- Minimum Input hp required 235.3
Time Constant 0.92 sec. Efficiency at rated load : 88.4%
432.1a Ta Short Circuit Time
Constant of Armature Winding 0.014 sec. -- Full load torque 686 Lb-ft
(3) Excitation support system or PMG required to sustain short circuit currents. Datarev. : 11/11/91
* Voltages refer to wye (star) connection, unless otherwise specified. Version : 2001.2




BASE MODEL: 431RSL4005

MODEL

MARATHON ELECTRIC
GENERATORS

TYPICAL DYNAMIC CHARACTERISTICS

: 431RSL4005

Winding H-SG 430049

I

Section 6000

Page 2

Submittal Data: 480 Volts*, 155.2 kW, 194 kVA, 0.8 P.F., 1800 RPM, 60 Hz, 3 Phase

P P
£ 1 E 1
> 0 > 0
§3 g5
50 100 150 200 0 50 100 150 200
Load application Load rejection
30% 30%
5 5
S 20% + |- | - © 20% + 4[| =
s 0% T — S 10% + - [ | | =F
3 3
< 0% 0%
0 50 100 150 200 0 50 100 150 200
kW kW
Efficiency at rated voltage and frequency vs. load kw
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94.0%
93.0% | T-T 1
92.0% +- - 1-T N o
91.0% +- - 1-T - L i
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89.0% + -1 -1 - 4L~ -
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87.0% |- [ |
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kW Output
Voltage dip with motor starting
Percent dip
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35% + [~ 4-1- L
30% - F1-1- 4
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0% - ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ !
0 50 100 150 200 250 300 350 400 450
Locked rotor kva
Data Rev. 11/11/91 Version: 2001.2



PROTECTION

Intertie/Generator
Protection Relay
M-3410A

Integrated Protection System®

PHASE UNDERVOLTAGE 27
GROUND UNDERVOLTAGE 27G
DIRECTIONAL PWR 32

LOSS OF FIELD 40

CURRENT UNBALANCE 46

VOLTAGE UNBALANCE 47

OVERCURRENT 51N/51V

OUTPUT 1

M-3410A
INTERTIE / GENERATOR
PROTECTION

Integrated Protection Systems" |||

TARGET/OUTPUT
RESET

M-3410A Standard Panel

59/591 PHASE OVERVOLTAGE
59G GROUND OVERVOLTAGE
60FL FUSE LOSS

81 OVER/UNDER FREQUENCY

o
o
o
o
o
o
To
o

M-3410A Vertical Panel
(Optional)

M-3410A
INTERTIE / GENERATOR

PROTECTION
Intagraied Protsction Systems”
=D

M-3410A Horizontal Panel (Optional)

Facilitates standardization for small/medium intertie and generator
protection applications

Microprocessor-hased relay provides 15 protective relay functions,
including Sync-Check, 2 programmable outputs and 2 programmable

inputs

Relay voltage inputs can be directly connected (no VT required) for
voltages 480 V or less

Local and remote serial communications (MODBUS protocol) capabhility for
monitoring and control functions



M-3410A Intertie/Generator Protection Relay

Protective Functions

Sync-check with Phase Angle, AV and AF with dead line/dead bus options (25)
Phase undervoltage (27) protection
Ground undervoltage (27G) protection

Dual-setpoint, single or three phase, directional power detection that can be selected as over/
under power protection (32)

Dual-zone, offset-mho loss-of-field for generator protection (40)
Sensitive negative sequence overcurrent protection and alarm (46)
Negative sequence overvoltage (47)

Inverse time neutral overcurrent (51N)

Phase overcurrent with voltage restraint/control (51V) protection
Phase overvoltage (59) protection

Ground overvoltage (59G) protection

Peak overvoltage (59I) protection

VT fuse-loss detection and blocking (60FL)

Reconnect enable for intertie protection (79)

Four-step over/under frequency (81) protection

Standard Features

2 programmable outputs, 2 programmable inputs, and 1 self-test output
Oscillographic recording (COMTRADE file format)
Time-stamped sequence of events recording for 32 events

Metering of Voltage, Current, real and reactive Power, Power Factor, Frequency, and Positive
Sequence Impedance

One RS-232 port (COM1) on front and one RS-232 or 485 port (COM2) on rear
M-3810A IPScom® For Windows™ Communications Software

M-3811A IPScom For Palm OS® Communications Software

MODBUS protocol

Supports both 50 and 60 Hz applications

Accepts 1A or 5 Arated CT inputs

Relay voltage inputs can be directly connected (no VT required) for voltages =480V ac
Continuous Self-Diagnostics

Optional Features

M-3801C IPSplot® Oscillograph Analysis Software
Horizontal and Vertical panel mount versions available (see Figures 2 and 4)



M-3410A Intertie/Generator Protection Relay

Tests and Standards
The M-3410A Generator/Intertie Protection Relay complies with the following type tests and standards:

Voltage Withstand

Dielectric Withstand

All terminals except power supply and status input contacts, 2500 V ac/3500 V dc
Power Supply and Status Input Contacts:
IEC60255-5 1,500 V dc for power supply voltages (12, 24, 48 V inputs)
2500 V ac/3500 V dc for power supply voltages (120 V ac/125 V dc input)

B NOTE: Digital data circuits (RS-232/485 communication ports) are excluded.

Impulse Voltage

Power Supply Input Voltages, 120 V ac/125 V dc:
IEC 60255-5 5,000 V pk, +/- polarity applied to each independent circuit to earth
5,000 V pk, +/- polarity applied between independent circuits
1.2 us by 50 us, 500 ohms impedance, three surges at every 5 second interval

B NOTE: Digital data circuits (RS-232/485 communication ports) are excluded.

Power Supply Input Voltages, 12, 24,48 V dc:
IEC 60255-5 3,000 V pk, +/- polarity applied to each independent circuit to earth
3,000 V pk, +/- polarity applied between independent circuits
1.2 us by 50 us, 500 ohms impedance, three surges at every 5 second interval

B NOTE: Digital data circuits (RS-232/485 communication ports) are excluded.

Insulation Resistance
IEC 60255-5 >40 Megaohms

B NOTE: Digital data circuits (RS-232/485 communication ports) are excluded.

Electrical Environment

Electrostatic Discharge Test
IEC 61000-4-2 Class 4 (=8 kV) - point contact discharge and air discharge
B NOTE: Digital data circuits (RS-232/485 communication ports) are excluded.

Fast Transient Disturbance Test

IEC 6100044 (=2kV, 5kHz) AC Power Supply Input
(x1kV, 5kHz) RS-232, RS-485 and ground

Surge

IEC61000-4-5 (%2 kV, 1.2 us by 50 ps line to ground) AC Power Supply Input
(=1kV, 1.2 us by 50 us line to line) AC Power Supply Input
(=1kV, 1.2 us by 50 ps line to ground) RS-485 Port

Surge Withstand Capability

ANSI/IEEE 2,500 V pk-pk Oscillatory each independent circuit to earth

C37.901 2,500 V pk-pk Oscillatory between each independent circuit

1989 5,000V pk Fast Transient each independent circuit to earth
5,000 V pk Fast Transient between each independent circuit

B NOTE: Digital data circuits (RS-232/485 communication ports) are excluded.

-9
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NOTES:
1. METERING EQUIPMENT TO CONFORM TO ALLIANT

ENERGY SERVICE EQUIPMENT REQUIREMENTS

PARALLELING
SWITCH GEAR
SEE NOTE 1 ) 250AMP, 3 POLE ) 250AMP, 3 POLE
/\ M-3410A
| , . GENERATOR
(M) 3 L ® PROTECTION
] RELAY
480Y/277 VOLT
NANAIN
X __KVA, 3 PHASE
KV
100KW
A GENERATOR
ALLIANT
ENERGY
ELECTRICAL ONE LINE DIAGRAM
WISCONSIN DEPARTMENT OF ADMINISTRATION FIGURE: 1 Bo,,!stm

UW-PLATTEVILLE - DISCOVERY FARM DIGESTER & BIODIESEL PLANT

406510004E701.DWG DATE: JULY 2010 COMM:  004065-10004
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