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Dear Mr. Spaeth:

Chariton Valley RC&D, on behalf of partners cooperating on the Biomass Power for
Rural Development sponsored Chariton Valley Biomass Project, would like to present to
you the Design Package, Deliverable #1. This deliverable consists of an engineering
design package and cost estimate that satisfies the deliverable definition in the current
project statement of work.

As you are aware, the project’'s engineering team will continue to prepare the final
design of modifications for a permanent biomass cofiring system at the Ottumwa
Generating Station as per the project statement of work. It is anticipated that the final
design will incorporate additional information developed by the engineering team that
will substantially improve the technical, performance, and cost components of the
Design Package Deliverable.

We are pleased to have this deliverable completed and believe that the design work
summarized in the deliverable represents a significant step forward for our project. We
anticipate that you will be equally pleased with the deliverable. We plan to have the
remaining two deliverables completed by August 15, 2002.

Thank you,

1/
Dora Guffey f Velvet Glenn
RC&D Coordinator Biomass Project Coordinator

Cc: John Sellers, Prairie Lands Bio-Products Inc.
Greg Hudson, Alliant Energy
Kevin Comer, Antares Group Inc.

Fax: 641-437-4638 19229 Highway 5, Centerville, [4 52544-8922 Phone: 641-437-4376
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Executive Summary

Background

CVRC&D has set a goa to cofire up to 25 tons per hour of switchgrass (Panicum
vigatum) at the Ottumwa Generating Station (OGS) producing up to 35 MW of
BioPower. This goa will provide both regional farming economic opportunities and
positive environmental impacts. Tech-wise and Bradford Conrad Crow Engineering
(BCCE) have designed a system based upon the European straw-fired cofiring design
experience of Tech-wise to satisfy the cofiring goal set by CVRC&D. Their system
design is detailed within this document.

OGS is located on a 375-acre site adjacent to the Des Moines River and is
approximately seven miles northeast of Ottumwa, lowa. The 725 MW coal-fired power
plant, currently operated by Alliant Energy, went into commercial service in May 1981.
The unit is designed for firing low sulphur Powder River Basn (PRB) coad in a
pulverized coal boiler.

Experienceto Date

From November 2000 to January 2001, a switchgrass-cofiring test occurred at OGS.
The three objectives were to identify the effects of co-firing on boiler performance,
measure any changes in emissions during co-firing, and gather information to improve
the design of the switchgrass processing equipment. No significant changes were found
in the boiler performance. Some emissions reductions were achieved especially in the
SO, output. Several essential fuel handling and processing design issues were
discovered such as dust created by the Eliminator and the de-baler and the surges in
flow created by round bales (due to density variations). These issues were corrected by
placing the system under negative pressure and only accepting rectangular bales.

The Studstrup Denmark plant is the basis of the design for the proposed switchgrass
cofiring operation. In 1996, the Studstrup Power Station, a 150 MW, power unit was
converted for co-firing coa and straw. The system features automated crane storage
and reclaim system, separate feed lines for the coal and straw, and the capacity for 22
tons per hour. The experience gained by Tech-wise in the cofiring operation at
Studstrup is influencing the design for OGS.

Overview of Design and Process Flow

The design intent for OGS switchgrass operation is to have an availability of 90%,
which represents an operating time of 7,884 hours per year. The switchgrass cofiring is
designed for automatic operation from the central control room at OGS and is capable
of long-term unattended operation. The process design makes use of proven equipment
items for proven applications, wherever possible. Where conflict was found to exist
between the safety requirements and requirements within the project, safety took
precedence.

The plant is to receive large rectangular switchgrassbales (3 © 4’ © 8') with an average
weight of 1000 Ibs. These bales are delivered on semi-trailers with a body length up to
Preliminary Bid Package for Switchgrass Cofiring System
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53 ft. and a total length up to 75 ft. These trucks will carry either 36 or 42 bales. The
trucks will deliver the bales to OGS and will be unloaded within the storage building.
This storage building has the capability to unload two trucks simultaneously using two
overhead bridge cranes. The cranes either stack the bales in their respective bay or load
them directly onto the twin bale chain conveyor for processing. The twin bale chain
conveyor transports the bales to a transfer vehicle, which transfers the bales to the
processing trains.

The chain conveyors placed before a de-baler control the switchgrass feeding to the
boiler. Before the switchgrass is led into the de-baler, the twine holding the bale shall
be removed. The switchgrass then falls from the conveyor — one pressing at a time —
into the de-baler. The de-balers selected in this design are modified heavy-duty waste
cutters. This de-baler type does not only shred the switchgrass, but it also reduces the
switchgrass size to a certain extent. The pre-grinding in the de-baler is considered
important for the final grinding of the switchgrass in the hammermill.

Under the de-baler, the shredded switchgrass is transported to a belt conveyor to further
loosen the switchgrass and to meter the flow with the leveling rolls. The switchgrass is
vacuumed from the belt conveyor through a stone trap, which removes the heaviest
foreign objects. After the stone trap, the switchgrass proceeds into a hammermill where
the switchgrass is milled into pieces smaller than 1 inch or 2 inches depending on the
mesh size of the screen. From the hammermill, the switchgrass is fed from the screw
conveyor bin through a rotary airlock to the pneumatic transport system. The transport
system delivers the switchgrass to the boiler through a pipe to a burner feed system.
Four milling lines feed into four parallel pipe sections.

Preliminary Bid Package for Switchgrass Cofiring System
for Alliant Energy’s Ottumwa Generating Station,
Chariton Valley Biomass Project.



1. Introduction

Chariton Valley Resource Conservation and Development (CVRC&D), Inc. has set a
goal to cofire up to 25 tons per hour of switchgrass (Panicum vigatum) at the Ottumwa
Generating Station (OGS) producing up to 35 MW of BioPower. Tech-wise and
Bradford Conrad Crow Engineering (BCCE) have designed a system based upon the
European straw-fired cofiring design experience of Tech-wise to satisfy the goals set by
OGS. This design narrative will outline the preliminary design package prepared by
Tech-wise and BCCE.

The design narrative will first describe the existing conditions at OGS. Second, an
overview of the first cofiring test will be detailed. Third, the basis of the cofiring
operation for OGS located in Studstrup, Denmark will be described. Then, the site-
specific requirements for this project will be discussed which include details on the site,
fuel, and climate. Next, a general outline of the process flow will be shown
schematically and described. Finally, the general design requirements for each major
storage and process equipment needed will be detailed.

In addition, this narrative supports the information provided within the appendices of
this document. The preliminary engineering design documents, preliminary installation
specifications, preliminary equipment specifications, and the soils report are al included
within the appendices.

2. Existing Conditionsat OGS

The OGS is located on a 375-acre site adjacent to the Des Moines River and is
approximately seven miles northeast of Ottumwa, lowa. The existing site plan showing
the layout of OGS is located within Appendix 1 on drawing 732-1002. The 725 MW
coal-fired power plant, currently operated by Alliant Energy, went into commercial
service in May 1981. The unit is designed for firing low sulphur Powder River Basin
(PRB) coa inapulverized coa boiler.

The next few paragraphs will describe pertinent existing site and design project related
information for the cofiring effort. First, the proposed site location for switchgrass
storage and processing buildings will be detailed. Next, a discussion of the utilities and
site amenities available for the cofiring operation will ensue. Finally, the availability of
reusing existing equipment procured for the first cofiring test campaign will be explored
for the permanent cofiring operation.

2.1 Proposed Site Location for Switchgrass Operation

Originally, both the switchgrass storage and processing center were to be located
directly east of the main plant structure. This location was the site of the switchgrass
storage and handling operations during the first cofiring test, which occurred between
November 2000 and January 2001 (for further discussions of the cofiring test see
chapter 3). In April 2002, Alliant Energy revealed their expansion plans to double their

Preliminary Bid Package for Switchgrass Cofiring System
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existing fossil fuel power generation capacity in order to meet their growing customer
demand. Their power generation capacity will be doubled with another plant structure
approximately the same size as the existing structure. This new structure will be located
to the east of the existing main plant in the same space that the switchgrass facility
planned to occupy.

After this new development, the switchgrass facility has been moved to the far west of
the OGS site next to the existing 3,000 ton capacity storage building. This area is
approximately 1,000 feet west of the main plant structure and northwest of the existing
cooling towers. Part of the area that the switchgrass operation intends to occupy is
currently filled with spare parts and equipment, which include transformers and power
poles. In addition, a small office building, also located on the proposed site, will
remain. The new site location will be separated from the coal firing operations and will
not interfere with any of the existing coal or ash truck traffic patterns.

2.2 Utilitiesand Site Amenities Availability

Roads

Currently, the path within the OGS site plan which services the 3,000 ton switchgrass
storage building and the office building on the proposed site location are not paved.
The main road just west of the proposed site location is outside the boundaries of OGS
and is maintained by the state of lowa. The parking area around the existing storage
building is limited and is not currently paved.

Electrical Service

Electrical power is available from the main (13.8 KV) switch box service located near
the southeast side of the proposed storage building. Another power line connection is
available near the southeast side of the storage building. This additional power line runs
to an abandoned substation and will be reused for the new facility if possible.

Plumbing and Mechanical Services

A possible connection to an existing 4” sanitary sewer line and a 2” water line are
available near an abandoned guard house about 400 feet northeast of the processing
building. No natural gas service is available for this project. Steam hest is available
from the existing boiler and the closest connection point is about 700 feet away from the
processing building. No potable (drinking) water is available near the proposed site
location. The closest fire hydrant is located about 400 feet from the southeast corner of
the proposed storage building.

2.3 Existing Process Equipment Availability

Table2.1  Equipment List to be Reused.

Item No. Data

Blower for the 2pcs. | 100 HP, TEFC, 3/60/230-460V motor, V-belt drive,

pneumeatic conveyor mounted on a common base with inlet filter, inlet silencer
& discharge silencer.

Burner nozzle 2 pcs. | According to drawing D-001 (page 2-24)

Preliminary Bid Package for Switchgrass Cofiring System
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The equipment listed in Table 2.1 was used in the First Co-fire Test Campaign and is
intended for reuse in the permanent operation

3. Cofiring Test at OGS — November 2000 to January 2001

This chapter summarizes the activities of the switchgrass-cofiring test at OGS that
occurred from November 2000 to January 2001. The summary makes reference to
“Summary of Chariton Valley Switchgrass Co-Fire Testing at the Ottumwa Generating
Station in Chillicothe, lowa” by Wade A. Amos (NREL). The three main objectives of
this cofiring test campaign were:

(1) Identify the effects of co-firing on boiler performance
(2) Measure any changes in emissions during co-firing
(3) Gather information to improve the design of the switchgrass processing equipment

First, the site location for the switchgrass operation will be discussed. Next, the process
flow used for the cofiring operation will be detailed. In the process flow description, a
discussion of the processing equipment, bale storage, and the transportation system.
The results of the initia cofiring test and future scheduled cofiring tests will conclude
this chapter.

3.1  SitelLocation for Switchgrass Cofiring Test

As mentioned in section 2.1, the switchgrass handling during the first cofiring test was
performed in the existing switchgrass process building located directly east of the main
plant structure. The switchgrass used for the test burns (cofiring test) was stored in the
existing 125 “~ 250" storage building. This storage building is located about 500 yards
west of the processing building. For a detailed layout of the existing site plan, see
drawing 732-1002 located in Appendix 1.

3.2 Pr ocess Flow

The process flow schematic shown below in Figure 3.1 was used during the test. This
section will describe the equipment used in the test burns, the bale storage methods, and
transportation system used to deliver the switchgrass to OGS.

Baghouse
Fitier

——* To Boller

BT!GS i

: De-boler

Surge Bin

)

Transport Alr — -

Biower
Figure 3.1 Test Cofire Flow Schematic
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3.2.1 Feed-processing Equipment

From the storage within the processing building, the bales were placed by means of a
telescoping fork truck onto a platform with a drag-chain conveyor feeding a de-baler.
After being placed on the platform, the twine was cut with an axe and manually pulled
off the bale from the top. The de-baler consisted of a rotating drum mounted with teeth,
which tore the switchgrass off the end of the bale, one layer at atime. The switchgrass
was then pushed out of the side of the de-baler with a high-speed screw conveyor.

The switchgrass exiting the de-baler was discharged onto an air knife. The air knife was
designed to allow heavy materia to drop out through the flow of air, while the lighter
switchgrass would be blown onto a belt conveyor taking it to the “Eliminator” grinder.
The Eliminator grinder consisted of two intermeshing rotating shafts, which would
throw the material around inside the unit, breaking it up. At the outlet of the Eliminator,
a duct from the bag house pulled a partial vacuum on the exit stream. Additional
transport air was admitted to the duct through an adjustable slide gate located under the
Eliminator.

The airflow from the Eliminator was combined with the flow from several other smaller
dust collection lines before entering a bag house filter. The material was removed from
the bag house using a rotary valve. This material was dropped onto a totally enclosed
tube conveyor, which consisted of a belt lying in a curved trough, driven on the upper
end. The bag house was located outside of the switchgrass building because of its
height, so the tube conveyor passed back inside through the wall of the switchgrass
building.

The bag house tube conveyor dumped into a surge bin, which had two pairs of co-
rotating screws in the bottom. Each pair of screws fed a rotary airlock, dumping into a
pneumatic transport line.

The pneumatic transport system consisted of twin carbon steel pipes, each fed by a
positive displacement rotary lobe blower. After entering the power plant, the pipes
went to opposing corners of the east fireball. Foster Wheeler switchgrass nozzles
injected the switchgrass between the third and fourth rows of coal burners from the
bottom. A dide gate at the boiler nozzle was included for positive shutoff of fuel during
boiler trips.

3.2.2 Bale Typesand Storage

A 12,000 sq.ft. (1,100 n?) building was constructed behind OGS to house both the feed
processing equipment and to store approx. 300 tons (272 tons) of switchgrass. The
original hopewastouse3” 3~ 8 (0.9 09" 24m)bdes, 3" 4 8(09" 12" 24
m) bales and 6' (1.8 m) round bales during switchgrass testing. However, it was quickly
found that the round bales, because of their variation in density between the outside
layers and the core, could not be fed evenly into the equipment. For that reason, testing
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wasrestricted tothe3' " 3" 8'and 3~ 4'" 8 hales, which weighed on average 700 |bs.
(318 kg) and 1,000 Ibs. (454 kg), respectively.

Bales were ddlivered to OGS by flatbed trailer, with54 (3~ 3~ 8)or 36 (3~ 4' " 8)
bales per truck. The bales were normally unloaded at night or in the early morning so
that the fork truck driver was not required to both unload bales from the truck and
maintain the feed processing system. The bales could be stacked 6 high (18 ft. or 5.5 m)
inthe storage area. Three3' " 3' " 8' orthree3' "~ 4~ 8 bales could be handled at atime
using atelescoping fork truck with a special bale pusher mounted on the fork.

3.2.3 Processing Equipment

The bales were placed onto a platform with three 3' © 3' © 8' bales side-by-side or with
two3 " 4" 8 bales side-by-side with a drag-chain conveyor feeding a de-baler. After
being placed on the platform, the twine was cut with an axe and manually pulled off the
bale from the top. The twine had a tendency to wrap around the rotating parts in the
feed-processing system or lodge in the bag house, so it had to be removed whenever
possible.

The bales would be pulled into the de-baler by means of a drag-chain conveyor. The de-
baler consisted of a rotating drum mounted with teeth, which tore the switchgrass off
the end of the bale, one layer at atime. During testing, the teeth on the de-baler were
periodically sharpened. The switchgrass was then pushed out of the side of the de-baler
with a high-speed screw conveyor. Because the entire feed-processing system was
operated in a starved-feed mode, varying the drag-chain conveyor speed was the
primary method for controlling the switchgrass flow to the boiler.

The air knife blower was designed for entrained solids flow, so it did double duty
controlling dust by pulling a suction on a hood over the both the air knife and the de-
baler discharge. The air knife worked well at low feed rates, separating corncobs, rocks
and other material from the lighter switchgrass, but at higher feed rates, the mat of
material was too thick for any separation.

Because the De-baer-to-Eliminator Conveyor belt was smooth, there was very little
friction between the belt and the switchgrass and there were limits to the angle of
inclination of the conveyor. In the final design, it will be important to have the ability
to adjust the alignment of the belt conveyor and the inlet chute for obtaining the proper
trgjectory of the material into the grinder.

Unlike a hammermill that will be proposed for the final design, the Eliminator had no
outlet screen for classifying the material size. The extent of grinding was entirely
dependent upon the residence time and the amount of material passing through the unit.
As the residence time increased, the particle size went down.

The velocity through the suction line leaving the Eliminator was estimated at about 30
ft/s (9.1 m/s), which was probably lower than it should have been. At this velocity, a
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dight decrease in transport air to the Eliminator discharge would lower the velocity
enough that the nodes leaving the Eliminator would collect in the bottom of the tube,
amogt filling it in just a few minutes. This pointed out an important lesson for the
design of switchgrass systems. the minimum transport velocity must be set to transport
the nodes, not the bulk switchgrass, which is lighter and less dense than the nodes This
characteristic of the transport system illustrated that it might also be possible to
selectively remove the nodes, if desired, and it allowed the team to get relatively clean
fractions of nodes for testing.

During the testing there were some problems with the cleaning of the baghouse filter,
which resulted in discontinuous flow from the conveyor to the surge bin and
inconsistent particle size distributions. The baghouse filter design was not a problem;
these problems arose due to the lack of oil within the gearbox. After rebuilding the
gearbox and replacing the screw conveyor with a “tube belt conveyor”, the transport
operated without any problems.

The switchgrass level tended to build up in the surge bin. Trying to move the stack of
material forward toward the outlet would move the whole pile of switchgrass up against
the front wall, causing the screws to bind and trip out. It was necessary to run the surge
bin with the feed screws on maximum so no significant level of switchgrass was built
up in the bin. Due to a dividing wall in the surge bin, an uneven distribution of the flow
between the two burners was seen.

By keeping all of the equipment downstream of the Eliminator under a sight negative
pressure, dust levels were minimal. The rotary airlocks under the surge bin caused
continual problems due to the build-up of dust between the ends of the rotating pockets
and the stationary valve housing. This created enough friction to trip out the airlock
drives on overload. In some airlock designs, an air purge is used to blow out any dust
that builds up on the ends. Still other airlocks are designed without an end plate, so this
build-up does not occur. Discussions with other airlock manufactures indicated that the
rotary valves might not have been of the proper design for this application.

Bulk switchgrass densities were measured at various points in the system, which will
help with the redesign of the feed-processing system for continuous operation. The
system used for the first round of co-fire testing required four operators and typically
ran for just one shift per day. The second round of switchgrass testing will evaluate the
performance of a system designed to run continuously with minimal operator attention.

3.24 Transportation System

A design problem with the transport lines was that no expansion joints had been
included for upward contraction of the boiler when the boiler was shut down. A rigid
connection between the compressors and transport line has to be avoided in order to
decrease the stress on the transport lines due to vibration.
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The positive displacement blowers presented some problems because the air intakes
were undersized. The cold weather and the dust that had collected on the air filters over
a couple of weeks of testing caused too much pressure drop on the intake side of the
compressors. The vendor believed that the air intakes had probably been ordered based
on flange size and not based on the airflow, since good design practice would have
included alarger safety margin on the airflow.

3.3 Resultsfrom Cofiring Test

From November 30, 2000, through January 25, 2001, the switchgrass team co-fired
1,269 tons of switchgrass at rates up to 16.8 tph (tons per hour), representing about 3%
heat input to the 725 MW power plant. The qualitative results from the three objectives
(boiler performance, emissions, and switchgrass fuel handling) of the cofiring test are
listed below.

Boiler Performance

The small amount of air entering through the pneumatic transport system did not
affect the boiler oxygen controls.

At switchgrass flows over 12 tph, it was possible to see the coa flow change in
response to the addition of switchgrass fuel.

Inspections immediately after shutdown showed no unusual slag or buildup in the
boiler.

The boiler capacity was not de-rated because the switchgrass was fed by an
independent injection system.

Emissions Changes

During this test campaign the NOx emissions did not change significantly and may
have gone up dightly when co-firing, but were well within the normal range.

A comparison of the SO, during co-firing with the baseline indicated a reduction
greater than that just from the fuel substitution.

Although carbon monoxide emissions were recorded during the stack testing, the
results could not be used because operational problems caused carry-over of
unburned material out of the boiler, causing abnormally high CO emissions.

Switchgrass Fuel Handling - Lessons Learned

In addition to the fuel handling issues addressed in sections 3.2.3 and 3.2.4, the
following materia handling lessons were learned.

Round bales caused difficulties feeding because of the difference in density between
the outer layers of the bale and the inner core.
The switchgrass leaving the de-baler has an extremely low density of 1.3-4.0 Ib/ft®
(21-64 kg/nT) and the mat of material might be a foot (30 cm) or more in height on
the belt conveyor leaving the de-baler.
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The switchgrass pieces leaving the de-baler were till 1-2 feet (0.5 m) in length and
therefore were prone to bridging.

The switchgrass after grinding would not only settle quickly to approximately 90%
of itsinitial volume leaving the Eliminator, but it actually had a higher density than
the original switchgrass bales.

The most notable feature of switchgrass is the dust. Even the de-baler operation
created high dust levels in the building. It is important to keep the equipment under
a negative pressure so no dust leaves through the cracks between equipment.

No problems occurred in transporting the switchgrass through the pneumatic
transport lines.

The boiler nozzles appeared to work well. After shutdown, the OGS staff noticed
no buildup around the burners from firing switchgrass.

3.4 Future Scheduled Tests and Associated Goals

The second cofiring test campaign is to use the initia cofiring system test rate of 12.5
tph and burn up to 6,000 tons of switch grass. The third cofiring campaign is to look at
long-term boiler effects with the goal of co-firing switch grass for some 2,000 hours at
the 12.5 tph feed rate. This testing would answer questions about corrosion and fouling
in the boiler. The size of the final commercia system will be sized for a capacity of 25
tph.

4. Basisof Design for Project at OGS — Studstrup, Denmark plant

To meet the commitments to CO, abatement and large-scale biomass applications, the
Danish power company Elsam has carried out a comprehensive program developing
coa and biomass technologies over the past 12 years. One of the options considered
was co-firing straw at existing pulverized coal plants. To assess the prospects of this
technology, a 150 MW, power unit at Studstrup Power Station was converted for co-
firing coal and straw. Subsequently, a 2-year demonstration program was performed
from January 1996 to February 1998.

4.1  Plant Description

The Studstrup Power Station, Unit 1 (MKSL), consists of a 380 MW, PC boiler and a
152 MW, condensing turbine. The boiler is a two-pass wall-fired boiler operated since
1968. The boiler is equipped with 12 conventional axial swirl burners, four burners at
three levels. No flue gas cleaning is provided, except for an electrostatic precipitator.

During 1995, MKS1 was converted into co-firing coal and straw for demonstration
purposes. The plant was taken out of operation in 1998 primarily due to excess capacity
in the system. In late 2001, the straw facilities were re-commissioned and Studstrup
Unit 4 is now co-fired.
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4.2 Boiler Modifications

The medium-level burners have been converted into combi-burners. Modification of the
burners involved few changes. The oil lance and flame detectors were relocated in
order to clear the core of the burner for pneumatic straw feeding.

The boiler has been mounted with probe gates at six positions to provide access for in-
situ sampling and measurements along the gas route through the boiler. Specialy
developed water- and air-cooled probes were used for the measurements.

4.3  Straw Processing

The straw processing equipment consists of a storage facility and a processing building
erected at the southwest corner of the coal yard. The distance from the processing
equipment to the burners at MKSL1 is approx. 1,500 ft (140 m).

Transport of straw to Studstrup Power Station was accepted by the local authorities on
normal workdays from 7:00 am. to 6:00 p.m. and on Saturdays from 7:00 am. to 2:00
p.m. If a high straw share was to be fired in weekends, this meant that the storage
should be able to hold a large capacity.

The storage is split into two sections, with a capacity of 560 Hesston bales each. The
bales are stacked in six layers and have a standard dimension of 47 in. © 51in. © 94.5
in. and atypical weight range of 990-1100 Ibs (450-500 kg). The bales are delivered to
Studstrup Power Station by truck.

An overhead bridge crane unloads the trucks. The crane unloads 10 or 12 bales - one
course - in the same procedure. During unloading the bales are weighed, the moisture
content is measured by use of microwave techniques - and the data is stored on a central
logistics computer.

Either the straw courses are transferred to a vacant position in the straw storage or they
are transported to the processing equipment by means of a twin bale chain conveyor
situated at the end of each storage bay. The processing plant consists of four parallel
lines each with a capacity of handling 5 tons of straw per hour, see figure 4.1 for the
flow schematic typica for each of the four lines.

The straw flow to the boiler is controlled by chain conveyors situated before a de-baer.
Before the straw enters the shredder, the twine holding the bales together are cut and re-
moved. From the conveyor, the layers of the bale are falling into the de-baler. The de-
balers are modified heavy-duty garbage disposal machinery. After the de-baler, the
straw flow is made uniform on a belt conveyor. The straw is then vacuumed through a
stone trap - removing the heaviest foreign particles — and then into the hammermill
where the straw is ground into pieces shorter than 1 or 2 inches depending upon the
screen.
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From the hammermill, the ground straw is fed through an airlock. After the airlock, the
straw is pneumatically transported in four paralel lines for 1,500 feet (450 meters)
before it enters the boiler.

-‘h 1D fan

Pusher nSh redder

- Bag filter
Feeding
conveyor
Belt convevar  Stone trap
Conveyor Rotary piston air blower Pneumatic

straw
transport
to boiler |

Figure 4.1 Principle of straw line on Sudstrup power station, Unit No. 1.

Figure 4.2 Unloading straw at Studstrup Power Sation.
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Figure 4.3 Feeding conveyor, twine remover and debaler.

4.4  Operating Experience

Straw Processing

The operation of the straw processing plant was not problem-free. The extensive
processing of the straw implies that the many links of this process need to function
optimally as a systemto ensure a high availability. Since many of the suppliers for the
project had never worked with straw as a media, the first haf of the project
implementation was characterized by various modifications to the plant to raise the
availability to an acceptable level. This experience at Studstrup shows the importance
of commissioning the plant properly before starting a test period when establishing new
and innovative plants.

In the beginning of 1996, there were many problems with moist straw. The straw was
characterized by being composted "dry" straw from the harvest of 1995, which had been
stored outside until delivery. This meant that there were local spots with a very high
moisture degree or “wet lumps’. These “wet lumps’ caused problems especially in the
hammermill, which tripped out owing to overload and because of plugging of the
pneumatic transport pipes. The transport pipes were blocked because of an
inappropriate design of their bends, which had a rectangular cross section to obtain a
replaceable back plate. During the spring of 1996, the bends were replaced by bends
with a circular cross section. Apparently, this meant that it is now possible to accept a
few wet spots to the straw bales.

From June to November 1996 a corrosion test of a boiler was performed with a straw
share of 10% corresponding to a fired straw amount of about 9 tph. During fall-out of
the test boiler, the remaining straw processing lines handled excess capacity to maintain
the desired amount of straw. For quite some time, one of the straw processing lines was
not working owing to a fire in the hammermill caused by sparks from a piece of metal
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hidden in a lump of straw. During the test, which lasted for about 3,000 hours, an
average straw share of 9% was obtained.

The corrosion test with a 20% straw share was aso - though not as significantly -
characterized by the difficulty of obtaining the desired feed rate of amost 5 tph per
straw processing line. This was primarily owing to capacity problems with the straw
shredders. For a long period, the availability of the shredders was very poor due to
problems with their gearboxes. These problems are not related to the straw, but to a
defective construction from the supplier.

Figure 4.4 shows the straw share and boiler load of the 20% corrosion test. From March
to the middle of October 1997 there were 3,012 operating hours of firing straw and an

average straw share of 16.2%.

|—.—Avg. Straw share [%] ——@—— Boiler load [%]

24.0 120.0

e
G<"\
>o
Do
-

Figure 4.4: Straw share and boiler load.

If the obtained straw share of 16.2% in figure 4.4 is seen as an indication of the
availability in relation to the objective of a 20% straw share, this quite ssmplified
observation results in an availability of 81%. If the availability from week 24-42 is
calculated as the ratio between the obtained straw share and the intended straw share,
the result is 85%. It should be noted that this load has not been corrected to obtain a
higher straw share.

Looking at the first period of the 20% long-term test, evident commissioning problems
were connected with the first long operating period with an intended 20% straw share.
The last period of the test produced the expected results from firing approx. 5 tph per
straw processing line (between 16% and 20% straw share).

One of the most important limitations of the straw processing plant, preventing the
obtainment of a higher straw share, is the capacity of the shredders. The shredders tend
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to not loosen the straw adequately when the line is working with a high load. The result
is that lumps of straw end up in the hammermill and cause it to trip out on overload. An
important parameter in this connection is also the feeding of the shredder. From the end
of the feeding conveyor, the straw is delivered one press blow at a time into the
shredder. However, this has been difficult to obtain, and when more press blows fall
into the shredder at one time, shredding is reduced.

Minor alterations to the plant at MKS1 can possibly solve some of these problems and
can improve the availability. The possibility exists to obtain an availability of 90% for
this plant, whereas the availability of future plants would be even higher.

5. General Design Requirementsfor OGS
5.1 Plant Design Life and Availability

The plant is designed for a minimum functional life of at least 20 years. The plant shall
achieve an availability of 90%, which represents an operating time of 7,884 hours per
year. The 10% unavailability is comprised of scheduled downtime for maintenance
(600 hours per year) and unscheduled down time.

5.2 Operating and Maintenance Philosophy

Operations

The plant - other than the facilities for reception of switchgrass bales (the storage barn) -
shall operate automatically from the central control room at OGS and shall be capable
of long-term unattended operation. The plant shall only be manned during day shifts
(7:00 am. to 3:00 p.m.).

Maintenance

It is expected that only very limited maintenance staff will be employed at the plant;
therefore maintenance tasks carried out under normal circumstances will be preventive
maintenance, light repairs, and cleanup. The plant intends that major repairs and annual
mai ntenance shutdowns will be performed by contractors.

5.3 Design Philosophy

The design of the storage described in detail below has proven to operate effectively and
with a high availability at several power plantsin Europe. The design of the processing
of switchgrass shall benefit from the experience gained at the first test campaign firing
switchgrass at OGS (chapter 3) and the co-firing facility at Studstrup Power Station,
Denmark (chapter 4).

The process used in each system in the plant consists of equipment items proven in
configurations, wherever possible. No piece of equipment shall be proposed or
incorporated into the design that has not been used before in a similar combination of
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process or design. Well-proven equipment is preferred when possible. Equipment with
limited operational experience may be proposed if necessary or advantageous.

5.4 Climate Data

Climatic datafor the Site are given below.

Wind velocity: Average velocity :12.7 mph (20.5 km/h)

Air temperature: Maximum recorded . 104°F (40°C)
Minimum recorded . -31°F (-35°C)
Highest monthly average : 75.9°F (24.4°C)
Lowest monthly average :  23.1°F (-4.9°C)

5.5 Dust Emissionsto Atmosphere

The concentration of particulate matter released to the atmosphere from non-combustion
sources shall not exceed 50 mg/Nnr.

5.6 Requirements Relating to Safety

The design of the plant shall comply with the requirements given in this section that
relate to safety. Where any conflict is found to exist between the safety requirements
and requirements stated elsewhere in the project specification, the safety requirements
take precedence.

When handling switchgrass, some dust will be released to the suroundings. Exposure
to dust can cause respiratory disorders to the people working in the respective areas and
therefore the waste of switchgrass particles due to processing and transporting must be
minimized.

5.7 Fud Specifications
5.7.1 Sizeof Bales

The plant is to receive large rectangular switchgrass bales, the so-called 3 “~ 4’ = &
(92.4cm ~ 1219 cm ~ 243.8 cm) with an average “as-received” weight of 1000 |bs
(4545 kg). The baling at the farmers will be done by means of two types of baler
equipment. The bale dimensions obtained from these types are listed in Table 5.1.

Table5.1 New Holland and Freeman bale dimensions.

Baletype New Holland Freeman

Unit Design (nominal) Variations Design (nominal) | Variations
Width inch 48 46 —50 46 44 — 48
Height inch 34 32-36 38 36 -40
Length |inch 90 84— 96 90 84— 96
Weight | lbs 885 745 — 1040 950 800 — 1110
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Furthermore, the plant shall be prepared for receiving the so-called "Hesston"-bales (4’
“ 4 7 8)in dimensions as listed in Table 5.2. Receipt of the two bae types (New
Holland and Freeman) are made in campaigns, which means that only one type of bae
isreceived at atime. Change from one bale type to another is done on Mondays, where
the storage will be at a minimum.

Table5.2  Hesston bale dimensions.
Baletype Hesston
Unit Design (hominal)| Variations
Width inch 48 46 — 50
Height inch 51 49 -53
Length |inch 94.5 88.5—-96
Weight | lbs 1395 1200 - 1725

It is unavoidable that during transport when it is raining or roads are wet, the bales will
be exposed to surface moisture. |If the bales otherwise comply with the requirements in
Table 5.3 for moisture content, surface moisture originating from the transport will not

cause the switchgrass to be reected.

In designing the storage and processing

equipment, the design values listed in Table 5.3 were used.

Table5.3  Design values.

tem Unit

Type of bde 3 4" 8ad4d " 4°8
Weight, min. Lbs 745 *
Weight, nominal Lbs 1000
Weight, max Lbs 2000
Foreign objects in the straw (stones, metd, efc.) max. | Yoweight | 2
Width, min. / max. Inch 44/ 51
Height, min. / max. Inch 32/53
Length, min. / max. Inch 84 /96
Moisture content, min. % weight |9
Moisture content, nominal %weight |15
Moisture content, max. %weight |25
Moisture content in local spots, max %weight |40

*Some years, when a poor yield results in alimited amount of switchgrass, aload may comprise
afew baes of switchgrass with a minimum of 700 Ibs.

Before unloading, the crane operator will make a visua inspection to determine whether
manua moisture measurement of the load is necessary. If the moisture content is
measured manually, it will be carried out by means of calibrated Delmhorst moisture
measuring probe or equal. The reception control consists of inserting the moisture
measuring probe into the areas, which by visual inspection seems to be critical, to make
sure that the bales comply with the specifications. However, neither a switchgrass bale
nor an entire load can be rejected due to the moisture content in the outer 2 inches of al
the surfaces of the bale exceeding the requirements as stated in the above table.
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To minimize the fuel delivery price, some switchgrass suppliers may therefore choose
to store the bales outdoors. The upper layer of such a stack will probably not be usable
for energy purposes. Even if the stack has not been covered by a tarpaulin or similar,
the upper layer shall probably have to be rejected or used for other purposes. The lower
layers generally have a moisture content, which does not deviate much from the
moisture content at the time of harvest. However, rainwater or moisture might enter the
stack during storage causing localized spots of high moisture content. Such spots or
minor areas, which may have localized moisture content of 30-40%, are not to cause
any stops in the process and transport equipment, which would require manual
intervention or possible cleaning.

Switchgrass contains foreign bodies in the form of stones, metal and wooden objects.
These impurities in the switchgrass may make up as much as 2% of the weight. Stones
appear in sizes from about 4 inches in diameter and smaller. Metal objects may be in
the form of screws, nuts, fencing wire, components from agricultura machines and
trucks. There are examples of spears from tractors found which had a length of up to 32
inches. Wooden djects may appear in sizes ranging from half fencing posts and
smaller. The mentioned foreign bodies are not to cause any damage to the transport and
processing system. Foreign bodies of up to 1.5 Ibs. or up to 4 inches at the longest side
are to be accepted as normally occurring in switchgrass and are therefore not to cause
any stop of the process or transport equipment.

5.7.2 Truck Specifications

Two types of semi-trailers will be used for transportation:

1. Semi-trailers with a body length of 53 ft. (16.15 m) and a total length of 75 ft
(22.86m). At a maximum bale length of 8 ft. (2.44 m) and seven bales in arow, the
bales will overhang each end with 1.5 ft (0.46 m). This complies with lowa
Highway Safety regulations and does not impair the truck’ s maneuverability.

2. Semi-trailers with a body length of 48 ft. (14.63 m) and a total length of 70 ft
(21.34m). These semi-trailers will carry six balesin a row.

To have flexible and financially attractive transport, it will be possible for the truck
driver to leave his transports at a parking lot close to the switchgrass storage. This way
it will be possible for transports to arrive at all hours of the day regardless of the
opening hours of the storage. During the opening hours of the storage, it will be
manned with two persons. one operating the crane and one driving the spotter truck (the
function of the spotter truck is defined in section 5.8.3).

It is not required that the trucks use a net during transport. When arriving to the storage
facilities the bales are typically only strapped.
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5.8 Site Requirements

The section will briefly describe the requirements needed for implementation of the
proposed design. First, the needs for the proposed storage and processing buildings will
be discussed. Next, the mechanical, electrical, plumbing, and site requirements for
these two buildings will be detailed. Last, the truck loading and staging patterns will be
disclosed.

5.8.1 Storage and Processing Building Requirements

Storage and processing buildings shall to be located on the small hill just west of
existing boiler plant facility (approximately 1,000 feet away). As mentioned in chapter
2, this new location has been chosen to alow for the potential future expansion for
OGS. One advantage of this new location is that the delivery of the switchgrass bales
can be conducted outside of the security area (fenced and gated). In addition, this
location aso reduces the amount of OGS plant traffic originally expected relative to the
location on the east side of the existing boiler building.

The storage barn shall be 50,200 square foot (4665 nf) with an approximate 2,000
square foot (186 mi) elevated transfer gallery to the 14,400 square foot (1,338 nt)
process building. These buildings shall be located on a previously used 20,000 square
foot (1,860 nt) parking area currently used as a storage area. The ground elevation
differences from one side of this area to the other will require approximately five feet of
cut and/or fill grade-work. The road leading into the switchgrass storage barn shall be
concrete. The road and turn around out of the storage barn shall be concrete. The road,
adjacent to, and west of the storage barn shall be concrete. The parking areas shall be
compacted C-stone. This C-stone is a byproduct of the existing boiler plant facility.
(See drawing 732-1003 located in Appendix 1 for detailed view of the proposed site).

5.8.2 Utilities

Plumbing and Mechanical

The existing sanitary sewer and tap-water lines, running from the existing boiler
building service to an abandoned guard house located next to the gate (approaching the
new facility), shall be extended to the process building (see drawing 732-8001 and
8002). These utilities (sanitary sewer and tap water) to and from Alliant Energy’s plant
may be metered if desired, and will be used for a single toilet, sink, and for eye wash
stations. A bottled-water dispenser shall be used to supply drinking water. There will
be no natural gas service available for this project. Steam heat will be used from the
existing boiler (see Appendix 2 Section 5. Auxiliary Systems for further discussion).

Fire Protection

Four fire hydrants shall be installed outside of the buildings, with two fire department
hose connections. The fire department hose connections will alow the fire trucks to
increase the pressure of the water should a drop in pressure occur. There shall be small
hose stations as well as fire extinguishers inside the new facilities.
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Electrical

Facility power shal come from the main (13.8 KV) switch box service located at the
southeast side of the plant. The buried facility power line currently runs to an
abandoned substation and shall be reused for the new facility if possible. Two
transformers will be installed and located to take advantage of this existing buried line
and to deliver the required electrical services for the new facilities (see Appendix 2,
Section 7. Electrical for further detail).

5.8.3 Parking, Staging and Loading

The parking and staging area surrounding the switchgrass facility is designed to
accommodate two types of truck drivers. One group of drivers considered are those that
will not leave their trailer in exchange for an empty trailer—these drivers will likely be
farmers who own their own trailer and prefer to make deliveries themselves. The
second group of drivers considered will exchange their full trailer for an empty trailer to
avoid potential waiting delays at the storage barn—these will likely be contract drivers
who handle deliveries for farmers who do not wish to perform their own deliveries.

Approximately 12,000 square feet (1115 nf) of switchgrass parking shall be available
for deliveries just to the west of the new storage barn and processing building (see
drawings 732-1001 and 1003 in Appendix 1). This parking or staging area is to prevent
potential traffic backups at the unloading facility. There shall be approximately 500 feet
(6-truck capacity) of available space for trucks to queue in front of the storage barn.
This area will be used by both groups of drivers discussed above. The normal unloading
time per truck, including clean up, will be about 20 minutes. There are two
receiving/unloading bays in the storage barn. Therefore, if there is aline of six trucks at
the facility, the last driver in line will have to wait at least 60 minutes. Every effort will
be made to coordinate al deliveries to minimize truck backups and resulting driver
waiting time at the receiving facility.

Drivers who prefer not to exchange their trailer will proceed directly to the receiving
facility upon arrival at the site. If there is aline of trucks waiting to be unloaded, either
the drivers will have to walit in front of the storage barn or in the staging area until the
switchgrass facility is clear. These drivers shall arrive during regular receiving hours of
the processing facility and will drive their trucks into the receiving bay for delivery and
unloading. These drivers can take priority over the spotter truck (discussed below) to
alleviate potential space concernsin the staging area.

If there are trucks waiting to be unloaded, drivers that can exchange their full trailer
with an empty trailer will drive directly into the staging area upon arriving at the site.
They will drop their loaded trailer, hook onto an unloaded trailer, and leave for the next
haul. A driver in a spotter truck will shuttle the loaded trailers from the staging area to
the receiving facility during periods of low congestion (short lines of trucks) at the
receiving facility, then park the empty trailers back in the staging area. This system will
also allow delivery drivers to drop their loaded trailers before and after receiving facility
operating hours—again, the driver will then pick up an empty trailer for their next haul.
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This use of a staging area will reduce the wait-time of delivery drivers and will alow
for off-hours deliveries to the site. When the spotter is not staging deliveries, the spotter
shall be expected to provide additional clean up in the unloading area.

6. Processin General

This chapter provides an overview of the whole storage and process system design
envisoned by Tech-wise. The next four chapters will provide more genera design
related information on the storage and reclam system (Chapter 7), processing
equipment (Chapter 8), pneumatic transport system (Chapter 9), and the burner design
(Chapter 10). More detailed design information, i.e. preliminary equipment
specifications, for each of these four chaptersis located in Appendix 2.

For processing 25 tph switchgrass, two storage bays are to be supplied - each with one
overhead bridge crane. When arriving to a storage bay, the overhead crane unloads the
trucks. The crane shall take 12-14 bales - one course - per operation. Either the
switchgrass bales are transferred to available space at the storage or they are transported
to the switchgrass processing plant on a twin bale chain conveyor placed at the end of
each of the two storage bays. These conveyors are situated in proximity to the
unloading area to minimize the unloading time.

In the following process description, the processing equipment refers to the equipment
used at Studstrup Power Plant. This layout of equipment is only given as an example
and shall not be considered as the final design to be offered. (See drawing 732-2001 in
Appendix 1 for detail).

The twin bale chain conveyor transports the bales to a transfer vehicle, which transfers
the bales laterally to the processing trains. The chain conveyor placed before a de-baler
controls the switchgrass feeding to the boiler. Before the switchgrassis fed into the de-
baler, the twine holding the bale shall be removed. The switchgrass then fals from the
conveyor — one pressing at a time — into the de-baler. The de-balers selected in this
design are modified heavy-duty waste cutters. This de-baler type does not only shred
the switchgrass, but it also reduces the switchgrass size to a certain extent. The pre-
grinding in the de-baler is considered important for the fina grinding of the switchgrass
in the hammermill.

Under the de-baler, the shredded switchgrass is transported to a belt conveyor to further
loosen the switchgrass and to meter the flow with t