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July 17, 2009

David Dunn

Central Vermont Public Service
77 Grove Street

Rutland, Vermont 05701

RE: Assessment of Digested Cow Manure Solids for Densitfied Boiler Fuel

Dear Mr. Dunn:

We are pleased to enclose the final report on the assessment of digested cow manure
solids for densified boiler fuel. These preliminary results show that this material
cannot effectively be used as a boiler fuel due to issues around combustion. Several
case study examples are included that highlight some specific challenges to using
manure as a boiler fuel. Diluting the digested manure solids by blending it with
other biomass materials such as wood, however, would dramatically improve its
viability as a boiler fuel.

We have greatly appreciated the opportunity to collaborate with Central Vermont
Public Service and to research this topic in detail. If you have any questions or

require any additional information, please do not hesitate to call.

Sincerely,

g T

Christopher Recchia
Executive Director

Encl.
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EXECUTIVE SUMMARY
Project Overview

Central Vermont Public Service (CVPS) launched the Cow Power program with the installation of
an anaerobic digester at the Blue Spruce Farm in Bridport, Vermont in 2004. Since then CVPS has
signed on five more farms that are currently producing electricity. The biogas from the digester
fuels engine gen-sets while the digested manure is passed through a solids separator. Liquids are
diverted to a lagoon and stored for periodic land application as part of the farm’s nutrient
management program. Solids from the separation process are used as a bedding substitute to
sawdust. This study explores the potential for these digested manure solids (DMS) to instead be
used as a boiler fuel.

DMS as a Boiler Fuel

DMS is significantly different from typical raw dairy manure. Two main factors make DMS
favorable for use as a biomass combustion fuel: it has been de-watered and many of the problematic
nutrients have been removed with the water. The material sampled has a sufficient energy value of
7,883 Btu per dry pound (only 5 percent less than typical wood fuel). While DMS is comparatively
better suited for both densification and combustion than raw manure, it still faces numerous
challenges. The dewatered manure solids have nearly ten times the amount of ash content as typical
wood fuels. Higher ash fuels can present issues such as slagging and fouling of ash material when
combusted. (Most biomass combustion equipment manufacturers design their systems to handle a
maximum of 6 to 7 percent ash content.) Also the remaining nutrients, especially nitrogen and
sulfur could present significant emissions issues.

The dewatered solids have a very high moisture content averaging 65 percent. Considerable drying
is necessary before the material can be densified, and some drying is required to burn the loose
material directly. The material also has a high concentration of relatively large fibers (100 percent of
DMS were between 10 — 45 mesh) due to the fact that many of the small fibers are removed in the
dewatering process, making it necessary to further grind the material before it can be densified.
Despite this minor challenge, with the proper conditions of moisture content, pressure and heat, a
durable pellet can be produced. However, other densified form factors such as larger tablets or
briquettes may prove more feasible given the material’s characteristics. Also blending the dewatered
manure solids with other fibers such as grass or sawdust could achieve more desirable physical
properties for pelletization.

Drying the digested manure solids from 65 to 5 percent as needed for densification would require
tremendous amount of energy and would dramatically reduce the net energy assuming the DMS
were used to fuel to drying process. BERC’s calculations indicate that as much as 16 percent of the
material’s energy value (on a dry matter basis) would be used to dry the DMS for densification. The
best option for consideration is drying to 45 percent moisture, using 12 percent of the material’s
energy value, for direct use as loose boiler fuel.
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Feasibility of Electrical Generation and Heating with DMS

Given the volumes of digested manure solids beyond the farm’s bedding requirements most farms
had insufficient amounts of possible boiler fuel to fire a large enough steam boiler to warrant
electrical generation using steam turbine technology (St. Pierre farm, the largest of the four farms,
would generate a maximum of 121 kWh of electricity). It should be noted that while there is
insufficient volumes of fuel to power a larger enough steam boiler to produce electricity, there is
enough fuel to run a smaller boiler that could help meet the farm’s thermal load. If the farms no
longer recycle the digested manure solids as bedding and the volumes generated increased
significantly (more than 15,000 wet tons per year), further analysis of feasibility of steam boiler and
turbine systems may be advisable. If the farms have distinct thermal loads that could be met using
smaller hot water boilers, the detailed feasibility of using the digested manure solids should be
examined.

Case Studies

Many equipment manufacturers claim they are able to effectively burn cow manure as a boiler fuel.
However, there are practically no installed systems in the United States at this time. Perhaps the
only known system in the US that has attempted to burn dried cow manure on a large-scale is the
Weise Brothers Farm that installed a manure drying system, a 400 horse power high pressure steam
boiler, and 600 kW steam turbine at their farm in Greenleaf, Wisconsin. The 1,600-cow farm
incinerates most of its manure to produce enough electricity to power 700 homes. Unfortunately,
since the system was first installed and throughout its operation, it has been plagued by numerous
issues most of which stem from using cow manure as a boiler fuel. Eagle Creek Wholesale in
Portage County, Ohio heats 3.5 acres of greenhouse space with manure, but supplements with
sawdust and woodchips.

Conclusions

Unlike the cow manure being burned at the Weise Farm in Eastern Wisconsin, the digested manure
solids produced by the Cow Power Farms has been dewatered and many of the nutrients and
minerals that cause slagging and fouling when combusted are not present. Without any successtul
systems using cow manure to learn from, it is difficult to definitively conclude whether this material
can be used as a boiler fuel. In the absence of successful projects, BERC relied upon the laboratory
analysis and the experience and knowledge of solid fuel combustion experts.

The data gathered and examined as part of this study suggest that the digested manure solids can be
used as a boiler fuel and that the material could provide further energy value. However, the high
moisture and ash contents can present challenges for combustion and maintenance.

Given the relative small volumes of DMS produced, the possible technical difficulties of

combustion, the overall nutrient and soil amendment value of composted DMS, and the abundance
of inexpensive and cleaner burning solid biomass fuels (such as woodchips and wood pellets), the
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viability of DMS as a densified fuel for on-farm energy production or oft-farm pellet fuel sales is
limited.
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CONCLUSIONS

The DMS material sampled had a sufficient energy value of 7,883 Btu per dry pound (only 5
percent less than typical wood fuel). Two main factors make DMS more favorable for use as a
biomass combustion fuel than normal cow manure—it has been de-watered and many of the
problematic nutrients have been removed with the water. While DMS is comparatively better suited
for both densification and combustion than raw manure, it still faces numerous challenges.

DMS was not found to be a viable fuel as is, due mainly to its high moisture content. The material
would need to be dried in order to use it as a boiler fuel. It would be possible to dry the material
from 65 to 5 percent moisture content and pelletize it for easier storage, conveyance and
combustion or application (depending on whether an energy or soil amendment product is being
produced). This process would involve using a small rotary drum for drying, a hammer mill for
grinding the material down to a small particle size, and a pelletizer (or pellet mill) to make the
pellets. These pellets could then potentially be sold as an energy or soil amendment product;
however, with ash content over 10 percent and a diminished nutrient content after the dewatering
process, neither potential product is likely to be viable in the respective markets. The pellets could
instead be used on-site for energy production; however, pellets are energy- and cost-intensive to
produce, with as much as 16 percent of the energy present in the material being used for drying to
5 percent. The farms would be better off directly combusting loose DMS material dried to 45
percent moisture using forced warm air while the material is spread thin over a conveyor belt.

Many equipment manufacturers claim they are able to effectively burn cow manure as a boiler fuel.
However, there are practically no installed systems in the United States at this time. Perhaps the
only known system in the US that has attempted to burn dried cow manure on a large-scale is the
Weise Brothers Farm that installed a manure drying system, a 400 horse power high pressure steam
boiler, and 600 kW steam turbine at their farm in Greenleaf, Wisconsin. The 1,600-cow farm
incinerates most of its manure to produce enough electricity to power 700 homes. Unfortunately,
since the system was first installed and throughout its operation, it has been plagued by numerous
issues most of which stem from using cow manure as a boiler fuel. Eagle Creek Wholesale in
Portage County, Ohio heats 3.5 acres of greenhouse space with manure, but supplements with
sawdust and woodchips.

DMS produced by the Cow Power Farms has been dewatered and is absent many of the nutrients
and minerals causing slagging and fouling problems seen at Weise Farms. Despite leaching out
many of the problematic nutrients in the dewatering process, there was still nearly six times more
alkali minerals than the recommended threshold of 0.4 lbs/MMBtu. At this concentration
significant slagging and fouling of minerals would occur during combustion, making the use of
DMS as a reliable boiler fuel extremely unlikely.

Given the small volumes of DMS produced beyond the farm’s bedding requirements, most farms

had insufficient amounts of possible boiler fuel to fire a large enough steam boiler to warrant
electrical generation using steam turbine technology. Electrical production could be possible at
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PFI Standard Specification for Residential/Commercial Densified Fuel
18-June-2008

6.1.5.2 Reduce the sample size down to a minimum of 2.5 pounds (1,133 grams) using a
sample splitter with 3.5-inch (89 mm) slots. Larger sample sizes may be used.

6.1.5.3 Using the analytical balance specified in 8.3, weigh the sample and record as the
initial sample weight.

6.1.5.4 Weigh the receiving pan and record the weight.

6.1.5.5 Attach a 1/8-inch (3.17 mm) screen to the receiving pan and place the pellet
sample on the screen using care not to overload the screen. The maximum load
on the screen should not exceed 1 pound (453 grams) of pellets per 100 square
inches (654 square centimeters) of screen surface area. Smaller screens may
require the sample to be screened in increments.

6.1.5.6 Screen the sample by tilting the screen side to side 10 times.

6.1.5.7 If the sample is being screened in increments, after the first portion has been
screened remove the 1/8-inch (3.17 mm) screen from the base pan, and empty the
pellets off the screen.

6.1.5.8 Repeat 6.5.1.5 through 6.1.5.7 until the entire sample has been screened.

6.1.5.9 Remove the 1/8-inch (3.17 mm) screen and weigh and record the weight of the
base pan with the fines.

6.1.5.10 Calculate and report the percent of fines to the nearest 0.01% as follows:

% Fines = [(Weight of Base Pan + Fines) — (Weight of Base Pan)] x 100
Initial Sample Weight

6.1.6 Inorganic Ash - ASTM D 1102-84 (2001)

6.1.7 Length - Starting with 2.5 pounds (1.13 kilograms) of pellets randomly selected from
the sample being evaluated, hand sort to identify pellets over 1.50 inches in length.
Use the caliper specified in 8.2 or a certified measuring block as specified in 8.4 to
confirm that a pellet exceeds the specified length. The weight percent of all pellets
exceeding the specified length shall be reported. In addition, of the pellets exceeding
the specified length, the longest pellet shall be identified, measured with the caliper
specified in 8.2, and the length reported as the maximum pellet length.

6.1.8 Moisture - ASTM E 871-82 (2006)

6.1.9 Higher Heating Value - ASTM E 711-87 (2004)

6.1.10 Chloride - ASTM E 776-87 (2004) or ASTM D 4208-02e1 or ASTM D 6721-01
(2006)

6.1.11 Ash Fusion - ASTM D1857-04

7. Sample Preparation
7.1 A sample preparation schematic is shown in Annex B.1 to illustrate how a 40 Ib bag of
pelletized material should be subdivided to perform the analysis procedures. All sample
subdividing shall be conducted utilizing a sample splitter with a slot width of 3.5 inches
(89 mm) and meeting the requirements specified in ASTM C702-98 (2003).

8. Equipment and Supplies
8.1 Scale — A scale capable of weighing the sample bag of fuel to within 0.1 Ib (0.05 kg).
Must meet the calibration requirements specified in 9.1.
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PFI Standard Specification for Residential/Commercial Densified Fuel
18-June-2008

8.2 Caliper — A vernier caliper capable of measuring fuel diameter and length to within
0.001 in. (0.025 mm). Must meet the calibration requirements specified in 9.2.

8.3 Analytical Balance — A balance with a resolution of 0.1 g or better. Must meet the
calibration requirements specified in 9.3.

8.4 Measuring Block — A 1.50 inch long gauge block used for screening fuel pieces for
length. Must meet the requirements specified in 9.4.

9. Calibration and Standardization

9.1 Scale - Perform a multi-point calibration (at least five points spanning the operational
range) of the scale before its initial use. The scale manufacturer's calibration results are
sufficient for this purpose. Before each certification test, audit the scale by weighing at
least one calibration weight (ASTM Class F) that corresponds to between 80 percent and
120 percent of the expected fuel bag weight. If the scale cannot reproduce the value of
the calibration weight within 0.1 1b (0.05 kg) or 1 percent of the expected fuel bag
weight, whichever is greater, recalibrate the scale before use with at least five calibration
weights spanning the operational range of the scale.

9.2 Caliper — Before each test, audit the caliper by measuring one NIST traceable gauge
block that corresponds to between 80 percent and 120 percent of the anticipated fuel
diameter and by measuring the length of the measuring block specified in 8.4. If the
caliper can not reproduce the calibration gauge dimensions within 1%, the caliper may
not be used.

9.3 Analytical Balance - Perform a multipoint NIST traceable calibration (at least five points
spanning the operational range) of the analytical balance before the first test and
semiannually, thereafter. Before each test, audit the balance by weighing at least one
calibration weight (ASTM Class 1) that corresponds to 50 to 150 percent of the weight
of the fuel sample to be measured. If the scale cannot reproduce the value of the
calibration weight to within 0.1 g, recalibrate the balance before use with at least five
calibration weights spanning the operational range of the balance.

9.4 Measuring Block — The length of the block must be traceable to NIST and demonstrate
accuracy of £0.01 in. from length specified in 8.4. The block manufacturer’s
certification documents are sufficient for this purpose.
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PFI Standard Specification for Residential/Commercial Densified Fuel
18-June-2008

Annex A.1

Pellet Fuels Institute
Standard Operating Procedure for:
Durability Testing — Residential/Commercial Pellet Fuels

Produced by: PFI Standards Committee

The Pellet Fuels Institute has adopted the test procedure outlined by Kansas State University in
assessing the durability of residential grade pelletized fuel products, with the exception that the
screen size used in determining durability is to be a 1/8-inch (3.17 mm) wire screen sieve. The
durability tester is to be of the metal tumbler type with chamber dimensions of 12 inches long
(305 mm) x 5.5 inches wide (140 mm) x 12 inches deep (305 mm). The results of the test are
interpreted as a standard measure of quality, which is referred to as the Pellet Durability Index
(P.D.I). All durability tests should be conducted in duplicate and the average of the two tests
reported. The procedure is outlined as follows:

=

Secure a representative sample.

2. Screen the representative sample with a 1/8-inch wire screen sieve to remove fines.
Obtain the initial sample from the portion retained on the screen.

3. Weigh approximately 500 grams of screened sample and record as the initial weight
(IW).

4. Tumble the pre-weighed sample of screened pellets in the durability tester for 10 minutes
at 50 rotations per minute.

5. Re-screen the sample and weigh the portion retained on the 1/8-inch sieve. Record as
the whole pellet sample weight (WPW).

6. Compute Pellet Durability Index (PDI) by dividing the whole pellet sample weight
(WPW) by the initial weight (IW) of the sample and multiply by 100. Report to one
decimal place.

PDI = 100 X WPW
W

7. Repeat steps 2-6 on a second portion of the representative sample.
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PFI Standard Specification for Residential/Commercial Densified Fuel
18-June-2008

Annex B.1 Sample Preparation and Analysis Flow Chart

40 Ib Sample

Sample Splitter

/\

20 Ib Sample 20 Ib Sample
Sample Splitter Ana]yzed for Bulk
/ \ Density
10 Ib Sample 10 1o Sample
Analyzed for Fines & Sample Splitter
Pellet Durability Index / \
5 Ib Sample 5 1b Sample
Analyzed for Moisture Analyzed for Pellet
Ash, BTU's & ClI Dimensions

* Sample Splitters should have a slot width of 3.5 inches (89 mm)

* Additional sample splitting may be necessary to analyze some parameters
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PELLETIZING TECHNOLOGY

EQUIPMENT e SYSTEMS e SOLUTIONS

“WE BRING IT ALL TOGETHER”

12-16-08

Test # 5040-08 summary

On December 9, 2008 testing began to determine the pelletability of Biomass
Energy Resource Center’s bovine manure product. Three 5-gallon pails of
dewatered bovine manure were received to be tested.

The first step in pelletizing is the raw material analysis. The dewatered manure,
as received, had a moisture content of 69.4 % and the bulk density was 15.2
Ibs/ft® (aerated) and 21.1 Ibs/ft® (compacted). The sieve analysis of the material,
as received, is as follows:

retained cumulative

10 mesh 39.6% 39.6%
45 mesh 60.4% 100.0%
80 mesh 0.0% 100.0%
120 mesh 0.0% 100.0%
200 mesh 0.0% 100.0%
325 mesh 0.0% 100.0%
PAN 0.0% 100.0%

In order to make good pellets, we recommend that the raw material should have
few particles +80 mesh. 100 % of this manure consists of +80 mesh particles.
This is usually a poor number for most materials; however, this manure is not
typical. Much of the +80 material was non-pelletizing fibers.

As the material particle size increases, the likelihood of a good pellet decreases.
The optimal particle size distribution should be realized in order to gain the
maximum surface-to-surface contact within the pellet. Voids created in the pellet
due to the lack of fine particles will result in diminished pellet strength.



Our experience with other fertilizers tells us that a Pin Mixer is best suited for this
material. A Mars Mineral Pin Mixer is a high speed, conditioning and micro-
pelletizing device that converts dust into small agglomerates through the action
of a high speed rotor shaft and pin assembly and the addition of liquids such as
water, binders, oil, or surfactants.

A model 8D32L Pin Mixer was used. It was initially set at 1700 RPM, utilizing a
size 4002 spray nozzle. The first two numbers of the nozzle size represent the
angle of the flat spray. The 4002 flat sprays at 40 degrees. The second two
numbers indicate the flow rate. The 4002 applies 2/10 of a gallon per minute (at
40 PSI). The material was fed into the Pin Mixer with a volumetric feeder.

Test 1

Water was used as a binder. Repeated attempts yielded no pellets, but only
broke up and partially agglomerated the fibers. The high moisture content
(69.4%) was judged to be a contributing factor to the problem, in addition to the
chiefly fibrous nature of the material. At this initial moisture content, the material
did not efficiently flow through the volumetric feeder, which was set at 100 %
output to achieve a favorable rate. To remedy this, the remaining available raw
manure was air-dried for 24 hours.

On December 10, 2008, the moisture content of the air-dried raw manure ranged
from 24 to 34 %, and the bulk density was 6.9 Ibs/ft® (aerated).

Test 2

The resultant, dried material flowed through the volumetric (screw) feeder much
more efficiently. At a setting of 60 % output, the target feed rate of 48.3 Ib/hr (7
ft3/hr) was achieved.

Again, adding water as a binder through a 4002 nozzle at 10 PSI, no pelletization
was observed. However, when the water pressure was increased to 20 PSI,
some pelletization was observed, among many nonagglomerated fibers, at 18
HP and 1700 RPM.

Test 3

With a view to more effectively agglomerating the fibers, water was replaced as
the binder with a 50:50 sodium lignosulfonate and water solution, by weight.
Repeated attempts yielded no pellets, but only broke up and partially
agglomerated the fibers.

Test 4

Utilizing the 50:50 sodium lignosulfate and water binder, but this time through a
4004 nozzle, repeated attempts yielded no pellets, but only shortened fibers and
occasional agglomeration into irregular 1” diameter clumps.



Test 5

Without adjusting the 60 % output setting of the volumetric feeder, the combined
products of tests 3 and 4 were again fed to the Pin Mixer with the 50:50 sodium
lignosulfate and water binder introduced at 20 PSI. No feeding problems were
observed. At 23 HP and 1600 RPM, some pelletization occurred. The resultant
pellet moisture content was 42 %.

Sieve Analysis (and bulk density of non-sieved product)
The resultant sets of pellets from tests 2 and 5 were each divided into 2 portions
to be either oven-dried or air-dried for 24 hours. Sieve analyses of the 4 samples
yielded the following data.

Test 2, Air-Dried to 28.5 % moisture

retained cumulative

4 mesh 29.3% 29.3%
10 mesh 33.5% 62.8%
16 mesh 12.6% 75.4%
20 mesh 6.7% 82.1%
PAN 17.9% 100.0%

This test yielded 52.8 % pellets in the -4 x +20 size.

The bulk density of the non-sieved product was 9.4 Ibs/ft> (aerated) and 12.2
Ibs/ft® (compacted).

Test 2, Oven-Dried at 120°C to 0.1 % moisture

retained cumulative

4 mesh 34.3% 34.3%
10 mesh 25.3% 59.6%
16 mesh 14.1% 73.7%
20 mesh 6.6% 80.3%
PAN 19.7% 100.0%

This test yielded 46.0 % pellets in the -4 x +20 size.

The bulk density of the non-sieved product was 5.9 Ibs/ft® (aerated) and 9.3
Ibs/ft® (compacted).

Test 5, Air-Dried to 12.2 % moisture



retained cumulative

4 mesh 7.1% 7.1%
10 mesh 20.6% 27.7%
16 mesh 33.3% 61.0%
20 mesh 15.2% 76.2%
PAN 23.8% 100.0%

This test yielded 69.1 % pellets in the -4 x +20 size.

The bulk density of the non-sieved product was 15.7 Ibs/ft® (aerated) and 20.3
Ibs/ft*> (compacted).

Test 5, Oven-Dried at 120°C to 0.0 % moisture

retained cumulative

4 mesh 3.6% 3.6%
10 mesh 12.5% 16.1%
16 mesh 36.8% 52.9%
20 mesh 17.2% 70.1%
PAN 29.9% 100.0%

This test yielded 66.5 % pellets in the -4 x +20 size.

The bulk density of the non-sieved product was 13.8 Ibs/ft* (aerated) and 17.6
Ibs/ft® (compacted).

Summary

The manure tested is not typical of other manures. This manure contains a large
amount of fibers that are affecting the pelletization. Only by processing the
material with multiple passes through the Pin Mixer could pellets be made.

The moisture content is also too high for pelletizing and must be reduced by
water removal or premixing with another dry material.

Mars Mineral recommends additional testing with possible premixing with another
material to reduce the moisture content of the feed and/or experimenting with the
Pin Mixer operating settings.



