Biomass Energy Demonstration Grant BES-10-10
Lansing Board of Water & Light

Introduction

The Lansing Board of Water & Light (BWL) is a publicly owned utility owned by the
citizens of Lansing. It is the largest of 40 municipally owned electric utilities in Michigan
and is amongst the 30 largest municipal utilities in the United States. The BWL currently
provides electricity to more than 97,000 customers and drinking water to nearly 56,000
customers in the Greater Lansing area. The BWL also serves the Lansing downtown
district with steam heating and chilled water. It has no stockholders, pays no dividends,
returns investment as lower rates and reinvests profits in the utility and the community.
The BWL is dedicated to providing competitive rates, reliable service, leadership to other
municipal utilities, and responsiveness to community needs.

In October of 2008, the State of Michigan legislature passed Public Act 295 (PA 295),
known as the “Clean, Renewable and Efficiency Energy Act”. The primary purpose of
this act was to diversify resources used to meet energy needs of the consumers through
energy efficiency and renewable energy. Under PA 295 all the electric utilities in the state
of Michigan are required to meet a renewable portfolio standard of 10% renewable energy
by the year 2015. The Renewable Energy Plan submitted by the Lansing Board of Water
and Light calls for a significant portion of that RPS requirement to be obtained through
co-firing existing coal generation boilers with a mixture of coal and biomass. The BWL’s
goal is to procure a sustainable biomass fuel source that can be blended at a 10% ratio
with traditional coal to produce electricity.

The goal of this project is to demonstrate methods that could expand opportunities for

utilities to utilize biomass products as a sustainable renewable resource in the production
of electric energy in existing fully commercialized electric generating facilities.

1. Summary of Project Implementation and Accomplishments

The objective of this work plan is to test the use of biomass fuel in the BWL’s existing
electric generating plant. There were several tasks that were necessary to accomplish
these objectives and a description of those tasks and any deviations from the proposed
plan are listed below:

Procurement and delivery of the biomass fuel.

The fuel that the BWL initially planned to use for this project is called N-Viro Fuel™. N-
Viro Fuel™ is manufactured from a variety of organic wastes by blending the waste
material with one or more mineral by-products and drying the mixture. The resulting
product, N-Viro Fuel™, is blended with coal or petroleum coke and burned as a coal
substitute in coal-fired power plants. However, due to delays in the production and
delivery of the fuel the decision was made to research other biomass options.



The BWL found that the biomass fuel market is still in an infancy stage and the major
challenge was to find fuel source that could delivery enough quantity to run a test burn.
Staff met with several vendors to select a fuel that had the appropriate attributes to burn in
our pulverized boilers and that could supply enough of the product to perform the test
burn.

Therefore, the BWL evaluated various other biomass options that are shown in the table
below.

Table 1: Biomass Fuel Options

Company Fuel Type

New Earth E-Coal (biochar from wood)
Integro/GLAWE Torrefied wood
International Wood Fuels Dry wood pellets

Based on several desirable fuel properties, the BWL made a decision to try to procure
torrefied wood or biochar. Torrefied wood and biochar have very similar properties such
as low moisture and ash content, but biochar has higher heat content (BTU/Ib). Both fuels
are hydrophobic and are easy to grind to a powder, which make them more desirable than
other biomass fuels. The hydrophobic quality is desirable because the fuel can get wet on
the surface without absorbing moisture and degrading the fuel. Therefore, the fuel can be
stored unprotected outdoors and mixed with wet coal. The improved grind-ability of
either product increases the possibilities of the fuels’ usability in existing pulverizers.
Until very recently, neither of the fuels has been available in test burn quantities.
However, in late June 2010, New Earth made a sufficient amount (100 tons) of biochar,
for which the BWL already had an air permit, available to the BWL for test purposes.
New Earth calls their biochar E-Coal. It is the byproduct of the pyrolysis of wood.

Getting E-Coal delivered proved to be more challenging than expected. The fuel was
stored at a site north of Quebec City, Quebec, Canada, over 950 miles away. It had also
been packaged into 650 Ib super sacks, which the BWL didn’t have a method for
unloading. The super sacks were emptied into rear dump trailers, hauled to the BWL and
then emptied on the ground at the Erickson plant.

There were two deviations from the original plan as proposed and they are as follows:

1. The biomass fuel proposed in the original plan was N-Viro Fuel™ but due to
delays in production and delivery the BWL procured E-Coal instead for the test
burn.

2. Due to limitations on fuel availability the BWL could only obtain 100 tons of the
E-Coal. The original plan was to purchase 500 tons of the N-Viro Fuel™. It
should be noted, however, that the BTU content of the biochar was much higher
than that of the N-Viro fuel.




Development of testing procedures and biomass handling.

The coal-fired steam generators operated by the BWL are pulverized coal (PC) fired.
Pulverized coal firing requires that the fuel be ground into the consistency of fine talcum
powder before being blown into the furnace. The high surface area of the pulverized fuel
increases contact with oxygen and allows for efficient combustion. The grinding of the
fuel takes place in a machine called a pulverizer. Pulverizers are designed for specific
grinding properties of the fuel.

The major consideration with burning biomass in a PC boiler is matching the grinding
properties of the biomass with the capabilities of the existing pulverizer. Biomass based
on raw paper, wood, and agricultural wastes have long strands that are not easily cut and
ground into small particles. The long strands clog the grinding mechanisms in a
pulverizer first reducing capacity and then completely shutting down the grinding process.

Therefore specific procedures had to be developed for the biomass test burn and those
procedures can be found in Attachment A.

In addition, procedures for the actual unloading and blending of the coal and biomass
were also developed. A method to blend a biomass fuel with the coal had to be developed
for the test burns, as there was no equipment or systems at the plant to perform this task.
The plant was designed to burn only one fuel, coal, and the equipment installed was for
that purpose only. A method for blending the fuel had been investigated for the N-Viro
fuel and pelletized fuels. It involved using a grain wagon used in farming, in conjunction
with a grain auger. The biomass fuel would be dumped into the top of the grain wagon
using the coal handling front loaders and the outlet of the grain wagon would feed the
inlet of the grain auger. The grain auger would be driven by a power take-off (PTO) unit
from a tractor. Based on the size of the auger, the speed of the PTO, the volumetric flow
rate could be determined. The grain auger would then discharge over the top of a moving
conveyor belt of measured coal, achieving the proper blend ratio.

The E-Coal would be coming in chip form (like wood chips). It was determined that the
chip fuel would not flow well out of the grain wagon, so an alternate method of blending
the fuels had to be developed. The alternate method amounted to utilizing empty coal cars
and loading them with buckets of coal and buckets of biochar in an alternating pattern,
resulting in rail cars of layered fuel. The true blending or mixing of the fuels would occur
when the rail cars were dumped in the rotary car dumper. Further mixing would occur as
the two fuels worked their way through multiple transfer points on the way to the plant
feeder bunkers. This difference in the E-Coal attributes resulted in a deviation in the
fuel/coal blending method.

Coordinated efforts from other organizations

Department of Natural Resources and Environment (DNRE): The BWL is required to
secure approval to temporarily amend our Renewable Operating Permit to allow the test
burn of alternative fuels. The application is called a Permit to Install, sometimes known as



an Air Use Permit. An application or permit must be submitted for each fuel type, each
fuel supplier and for each power generating unit. For example, even if two companies
have virtually the same fuel (i.e. wood pellets), the BWL is required to apply for a permit
for each company’s fuel on any unit that the fuel would be tested in. The permit approval
process can takes anywhere from 2 weeks to 3 months depending on the nature of the fuel
and how busy the DNRE is.

The BWL also coordinated with various biomass fuel vendors (suppliers) to procure a
product that could be used in a test burn. For each vendor, an initial meeting is scheduled
for the vendor to display samples of the fuel and provides lab analysis information. The
BWL reviews the samples and analysis to determine if it is a fuel that has any potential of
working in one of its generating units. The BWL then applies for a Permit to Install for
those fuels that are selected for test burns.

Perform the test burn, collect data and compile burn results.

The E-Coal was delivered in loose form by end dump trailers on 8/30/2010. It was
dumped into a separate pile from the coal and left unprotected from the weather until it
was mixed with the coal. It did not rain on the E-Coal before it was blended with the coal.
Based on previous heat content and density data provided by the supplier and the quantity
of renewable megawatts (MWs) sought, a blend ratio of 13% by heat content (BTU/Ib)
and 22% by volume of E-Coal per rail car was used for the test. Eight rail cars were pre-
blended and set aside for the test days. The blended rail cars were stored inside an
existing thawing shed to keep the mixture dry and positioned for fueling the plant.

The test burns were performed on September 2 & 3, 2010. The first day of testing was
conducted with 2 rail cars of mixed fuel put into in one pulverizer silo (“C”) to see how it
would move through the coal feeder and pulverizer. The operator had to manually
increase the feeder output to the pulverizer (mill) to remain at 150 MW. The mill amps
increased about 1.5 amps and mill differential increased 1.9 inches of water column (WC),
which represents a thicker fuel bed in the mill. The final feed rate averaged 2,000 lbs/hr
more than before the blended fuel reached the mill. The increase in fuel flow caused part
of the minor changes in mill amps and differential, while the rest was likely due to the
biomass. The most noticeable change was the decrease in primary air temperature
required to maintain 140 F coal-air discharge temperature from the mill. The change in
primary air differential was negligible. Changes in other key boiler parameters such as
opacity, NOx and steam temperatures were negligible. During this test approximately 3.4
% of the total heat input (BTU/hr) to the boiler was coming from the E-Coal. See Table
below:

Table 2: Test Burn Results from September 2.

Flow Mill Amps | Pri. Air Mill Diff. | Pri. Air Coal-Air | Opacity
(Ibs/hr) Diff. (in (in wc) Temp (F) | Temp (F)

WC)
Up2,000 |Up20 Up 0.15 Up1.9 Down 27 | Down 2.2 | No Impact




During the second day of testing, 6 of the pre-mixed rail cars were split over all four mill
silos. The silos could only be filled one at a time due to a failed tripper car motor,
resulting in each mill starting to grind the blended fuel at different times. During the four-
mill test, the mill amps decreased slightly, an average of about 1.9 amps. Unlike the
single mill test, the feeder flow rates were down an average of 2,400 Ibs/hr, but the feeder
belt speeds increased. This was a function of the lower density and higher BTU/Ib of the
blended fuel. It appears that the biasing up of the C mill during the single mill test
masked this effect. The decrease in primary air temperature required to keep 140 F coal-
air discharge temperature from the mill was consistent with the single mill test. The
change in primary air and mill differential was negligible. The most notable issue was the
4% increase in boiler opacity, due to the increased volume of biomass fuel in the boiler.
During this test approximately 13% of the total heat input (BTU/hr) to the boiler was
coming from the E-Coal.

The changes in the mill parameters can be seen in the table below:

Table 3: Test Burn Results from September 3'.

Mill Flow Amps Mill Pri. Air | Pri. Air | Coal- Opacity

(Ibs/hr) Diff. (in | Diff. (in | Temp Air
wc) WC) (F) Temp
(F)

A Down Down Up 1.13 | Down Down Up 2.2 NA
2,322 2.3 0.05 54.1

B Down Down Up 0.67 | Down Down Up 4.2 NA
2,316 1.7 0.09 34.7

C Down Down Down Down Down Up 3.5 NA
2,489 3.3 0.25 0.17 42.9

D Down Down Down Down Down Up 0.3 NA
2,600 0.2 0.2 0.09 35.1

Boiler Up 4%

One test limitation did occur due to restrictions that limited output at the plant to 150 MW.
The normal full load capability of the plant is 165 MW. One of the original goals of the
test was to find out if any derate in plant capacity would occur due to the burning of the
blended fuel. A derate was originally projected due to the higher volumetric flow
requirement because of the lower density fuel. It was anticipated that the coal feeders
would reach their flow limit before the required amount of blended fuel to maintain full
load would be sent to the mills.

2. Financial Expenditures

A summary of the financial expenditures for the biomass grant is shown in the table
below. The reduction in total project costs was due to only being able to procure 100 tons
of the biomass fuel rather than the 500 tons in the grant proposal.




Table 4: Budgeted & Actual Expenditures.

Budgeted vs. Actual Expenditures
Personnel Fringes Materials Total

Budgeted
BWL Share of Expenditures $19,228.32 | $11,536.99 $43,875.00 | $74,640.31
State Share of Expenditures $24,875.00 | $24,875.00

Total Budget | $19,228.32 | $11,536.99 $68,750.00 | $99,515.31
Actual
BWL Share of Expenditures $17,842.44 | $10,488.36 $27,043.26 | $55,374.06
State Share of Expenditures $18,458.02 | $18,458.02

Total Budget | $17,842.44 | $10,488.36 $45,501.28 | $73,832.08

3. Summary-Application of project findings and next steps

The test burns confirmed several things about the biomass fuel:

It could be blended with coal and stored together for multiple days without any
degradation of the biomass or spontaneous combustion issues.

The blended fuel flowed well through the existing coal unloading, handling and
delivery systems.

The mills ground the mixed fuel with only subtle changes in performance at the
test burn loads (less than full load).

Operators noted that the boiler fire appeared brighter and the upper furnace was
clearer (less hazy).

The coal handlers and coal equipment cleaners noted that the blended fuel
(biomass and coal) was dustier than just coal. The only problem noted due to the
higher dust level was more dust on equipment surfaces after fueling the plant was
completed.

The precipitator did show an increase in the average opacity of 4% at 150 MW
gross. This condition could improve or degrade over time and must be determined
with longer duration test burns in the future.

Next Step:

Burn the remaining 25 tons of E-Coal unblended in one mill to see how the coal
feeder, mill and boiler respond.

OR, blend the remaining 25 tons of E-Coal at the same ratios as the first two tests,
but run the coal feeder and mill as high as they will go to find the limiting factor.
This data will allows us to better project if a derate of the unit would have
occurred if the unit had been operating at full load conditions (165 MW) during
the second test.



Future Steps will require continuous co-firing of the blended fuel at full load (165 MW)
for approximately 7 days to determine the following:

e |f there are any slagging issues due to the continuous presence of the biomass.

e |f the precipitator will condition positively or negatively to the presence of the
biomass.

e |f there are any feeder or mill limitations that would result in a plant derate while
trying to maintain full load.

e If third party stack emissions monitoring verifies the flue gas constituents are
within acceptable parameters. The State Department of Natural Resources and
Environment (DNRE) will use this data to determine if long term co-firing of
biomass will be allowed and at what amounts.



Attachment A

Biomass (E-Coal) Test Burn Plan and Procedures

Test preparation and planning: July 22, 2010 — August 18, 2010:

Fuel Delivery: By truck, no later than August 18, 2010

Fuel Blending: E-Coal will be blended with PRB coal on site and loaded into empty rail
cars and stored for the test by August 24, 2010

Test Dates: August 25, 2010 — September 3, 2010

Analysis and Reporting: September 7 — 20, 2010

Test Fuel: 100 tons of E-Coal Chips (torrefied wood) from New Earth Renewable
Energy, Inc.

Location: Erickson Station Unit 1, Lansing Board of Water & Light

Fuel Delivery and Blending

New Earth will deliver 100 tons of E-Coal chips or pellets (biomass) in multiple trucks by
8-18-10 and dump the fuel in an area just northeast of the rotary dumper building at the
Erickson plant. The coal handlers will have an unloading area prepared for the E-Coal
deliveries and will assist with unloading as needed. A sample of the biomass will be taken
in a 5-gallon pail from each delivery truck and held aside for lab analysis. Plant coal
handlers will move a small pile of coal over near the biomass pile to be blended with the
biomass. The BWL’s Fuel Manager will have 8 empty rails cars delivered to the Erickson
rail yard no later than 8-18-10. The coal handlers will load the 8 cars with a mixture of
coal and biomass using the front loader bucket and the following procedure to create a
mixed fuel car:

2 front loader buckets of coal
1 bucket of biomass

3 buckets coal

1 bucket of biomass

4 buckets coal

1 bucket of biomass

3 buckets coal

1 bucket of biomass

2 buckets coal
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Once all 8 rail cars are full of mixed fuel, they will be stored on the dumper bypass rail by
the end of the day 8-24-10.

Test Day 1

Plant Operations will have the plant at a low 4-mill load by 07:00. The “C” coal bunker
level will be down into the conical section by 07:30 on 8-25-10. At 07:30, coal handling
will be ready to dump 2 of the pre-mixed rail cars and put all of that fuel into the “C” coal
bunker. Fueling of the remaining bunkers will continue with 100% coal. DO NOT put
coal in “C” bunker above the blended fuel. The plant will begin raising load. Plant staff
and the test engineer will be monitoring the pulverizer operating parameters, as well as
other key boiler parameters such as flame intensity, final steam temperatures and
pressures, opacity, etc. Load will continue to be increased until the plant reaches either
the rated heat input to the boiler or a limitation is experienced related to the blended fuel.
Once the maximum sustainable test load is reached the plant will maintain the test load
until all the blended test fuel has been burned. The plant will pull flyash from the lead
precipitator hoppers after the maximum test load is reached. After several hours of
operation with the blended fuel, operations will get a grab sample of flyash from each of
the lead precipitator hoppers. Throughout the duration of the test burn the operations staff
and the test engineer will continue to monitor all pertinent operating parameters and
collect data. Just as the fuel level in “C” bunker is reaching the top of the conical section,
the plant can begin refueling the “C” bunker with 100% coal and return to normal loads.

Test Day 2

Day 2 testing will be based on the success of Day 1 testing.

The plan for Day 2 is as follows: Plant Operations will have the plant at a low 4-mill load
by 07:00. The level in all coal bunkers (4) will be down into the conical section by 07:30.
At 07:30, coal handling will be ready to dump the remaining pre-mixed rail cars (6) and
spread the fuel evenly across all for coal bunkers (A, B, C & D). DO NOT put coal in the
bunkers above the blended fuel. The plant will begin raising load. Plant staff and the test
engineer will be monitoring the operating parameters for all 4 pulverizers, as well as other
key boiler parameters such as flame intensity, final steam temperatures and pressures,
opacity, etc. Load will continue to be increased until the plant reaches either the rated
heat input to the boiler or a limitation is experienced related to the blended fuel. Once the
maximum sustainable test load is reached the plant will maintain the test load until all the
blended test fuel has been burned. The plant will pull flyash from the lead precipitator
hoppers after the maximum test load is reached. After several hours of operation with the
blended fuel, operations will get a grab sample of flyash from each of the lead precipitator
hoppers. Throughout the duration of the test burn the operations staff and the test
engineer will continue to monitor all pertinent operating parameters and
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collect data. Once the fuel level in all the coal bunkers in nearing the conical section, the
plant can begin refueling all bunkers with 100% coal and return to normal loads.

After coal handling has dumped the remaining rail cars of mixed fuel, they can put the
remaining biomass in rail cars unmixed with coal.

Test Day 3 is a back up day in case of unexpected delays or problems.

Responsibilities per Area

Coal Handling

Plant

Biomass unloading and storage area

Assist in unloading if needed

Blending method

8 empty coal cars

Fill the 8 coal cars with blended fuel

Utilize existing dust suppression system when unloading the mixed fuel cars
Make sure dust suppression system is working well prior to testing (get things
fixed ahead of time)

Have fueling system running with belts empty ready to dump the blended cars on
test days

Have bunker(s) at appropriate levels on the morning of the tests
Have mill fire suppression system functional

Have the boiler as clean as possible prior to fueling with the biomass
Start pulling front precipitator hoppers at the beginning of the test
Monitor all necessary operating parameters and take readings

Get flyash samples during the test.

Mill inspection following Day 1 testing (night maintenance crew)

Engineering

Gather pre-test data: flyash samples, coal sample, boiler data, mill data, flame
intensity of all burners, mill fines from “C” mill.

Send out combined biomass sample for lab analysis

Grab a sample of the blended fuel from the tripper room belt

Get flyash sample containers (16)

Get fuel sample buckets (5)

10
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Document any boiler equipment that is out of service (i.e., soot blowers, etc)
Make payment once fuel is delivered

Get mill fines sample and data collection

Keep track of rain fall on biomass and blended fuel

Determine if any air/fuel ratio settings need to be adjusted for the 100% testing
Determine if the Primary Air temperatures need to be lowered to avoid pre-
ignition

Determine burn rate and time to fuel the bunkers so they don’t run out of fuel.
Develop Test burn log sheets
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