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PRESIDENT’S NOTE
Different industries have common interests in the management and regulation of non-hazardous
industrial by-products. In an effort to promote these interests, NCASI organized a meeting on “byproduct synergy,” which is a systematic approach to beneficial use. The meeting was intended to (a)
initiate a dialog between different industries on the subject of beneficial use; (b) share information on
the quantities and characteristics of major industrial by-products; (c) review barriers and aids to
beneficial use; and (d) discuss current and potential beneficial use options. Participants represented
or were otherwise knowledgeable about the following industries: cement manufacture, power
generation, food processing, agriculture, pulp and paper, iron and steel, metal casting, environmental
consulting, and waste processing/brokerage. This report contains presentation material from the
meeting and summarizes some of the discussion that occurred among the participants.

Ronald A. Yeske
December 2001
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ABSTRACT
Industries generate enormous quantities of various non-hazardous wastes that must be managed
effectively. Increasingly these wastes or by-products are viewed as a resource, as potential raw
material. Cooperation between industries can be valuable with respect to identifying beneficial use
opportunities and to improving the regulatory climate surrounding industrial by-products.
This report contains presentation materials from a meeting NCASI held with individuals representing
or otherwise familiar with several industries. The purpose of the meeting was to initiate a dialogue
on “by-product synergy” (i.e., multi-industry beneficial use). Ample time was allocated at the
meeting to informal discussions regarding barriers and aids to beneficial use. These discussions are
summarized in the lead article that provides an introduction and overview of the meeting.
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NCASI BY-PRODUCTS SYNERGY MEETING
FINAL AGENDA
DAY ONE
Tuesday, March 27, 2001

9:00 – 9:10

Welcome and Opening Remarks

9:10 – 9:30

Individual Introductions

9:30 – 10:15

Beneficial Use of Industrial Byproducts – A Perspective
Elizabeth Olenbush, EO Associates

10:15 – 10:45

A By-Products Synergy Case Study: The Alberta Project
Stuart McCormick, Weyerhaeuser Company

10:45 – 11:00

BREAK

11:00 – 11:30

Utilizing Industrial By-Products in the Cement Industry (Anything Goes?)
Dr. Alex Mishulovich, Construction Technology Laboratories

11:30 – 12:00

Open Discussion: Regulations, Liabilities/Risks, Public Acceptance, and
Related Barriers Surrounding the Beneficial Use of Industrial By-Products

12:00 – 1:00

LUNCH

1:00 – 1:30

Drake’s Rule for a Sale and a Case Study: Alum Process Residue as a
Primary Feedstock in Cement Manufacture
Andy Bettman and David Shively, Marvic Minerals

1:30 – 2:00

The Production & Use of Coal Combustion By-Products from Electric
Utilities
Dean Golden, Electric Power Research Institute (EPRI)

2:00 – 2:30

Pulp and Paper Industry – Overview of Raw Materials and Waste Products
Dr. William Thacker, NCASI

2:30 – 3:00

Screening Process for a Waste Blending Program
Doug Hermann, STS Consultants

3:00 – 3:15

BREAK

3:15 – 4:00

Open Discussion: Specifications/Performance Standards, By-Product
Blending/Enhancement, Technology Development, and Other “Technical”
Issues Surrounding the Beneficial Use of Industrial By-Products

NCASI BY-PRODUCTS SYNERGY MEETING
FINAL AGENDA
DAY TWO
Wednesday, March 28, 2001
9:00 – 9:30

Beneficial Use of Short Paper Fiber® (Paper Mill Sludge) For Pollution
Prevention in the Mining Industry
Joe Laubenstein, BFI

9:30 – 10:15

Open Discussion: Internal Advocates, Brokers/Processors, and Marketing
Issues Surrounding the Beneficial Use of Industrial By-Products

10:15 – 10:45

Sustainable: Attainable?
Ron Vriesman, Environmental Resources Management (ERM)

10:45 – 11:00

BREAK

11:00 – 11:45

Open Discussion: Transportation, Competing Outlets, Total Cost
Accounting, and Other Economic Issues Surrounding the Beneficial Use of
Industrial By-Products

11:45 – 12:45

LUNCH

12:45 – 1:15

Integrated Organic Byproducts Processing in Wisconsin’s Fox River Valley
Leslie Cooperband, University of Wisconsin

1:15 – 1:45

Food Byproducts Utilization - Challenge and...Opportunity
Mike Malecha, Kraft Foods

1:45 – 2:15

Steel Industry Wastes: Types, Synergies and Other Issues
Kim Lenti, Heritage Environmental Services

2:15 – 2:30

BREAK

2:30 – 3:30

Open Discussion: Communication, Collaboration, and Innovation - Any
important waste trades untried? Problems and successes with current
beneficial uses? What can we do better? Where do we go from here?
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PROCEEDINGS OF THE NCASI MEETING ON BY-PRODUCTS SYNERGY
INTRODUCTION AND OVERVIEW
“By-product synergy” (BPS) has been defined by the Business Council for Sustainable
Development - Gulf of Mexico and the USEPA as “the synergy among diverse industries, agriculture
and communities resulting in profitable conversion of by-products and wastes to resources promoting
sustainability.” In one sense, BPS is the application of the “eco-industrial park” concept to existing
facilities. More broadly, it might be viewed as an active and systematic approach to waste exchange.
A two-day BPS meeting was organized by NCASI and held in Chicago in late March 2001. The
meeting was intended to (a) initiate a dialog between different industries on the subject of beneficial
use; (b) share information on the quantities and characteristics of major industrial by-products;
(c) discuss current and potential beneficial use options; and (d) review barriers and aids to beneficial
use. Although initially dozens of businesses and other organizations were contacted to gauge
interest, there was an objective to limit attendance in the hope of facilitating a comfortable, dynamic
atmosphere. Participants represented or were otherwise knowledgeable about the following
industries: cement manufacture, power generation, food processing, agriculture, pulp and paper, iron
and steel, metal casting, environmental consulting, and waste processing/brokerage. A list of
participants is displayed in Table 1.
Table 1. Participants at the By-Products Synergy Meeting
PARTICIPANT

AFFILIATION

Joseph Laubenstein
Alex Mishulovich
Dean Golden
Ronald Vriesman
Elizabeth Olenbush
Saul Furstein
Kim Lenti
Michael Malecha
Andy Bettman
Reid Miner
William Thacker
Ann Dougherty
Douglas Hermann
Marion Bradford
Paul Ruesch
Leslie Cooperband
Stuart McCormick

Allied Waste - BFI Pulp & Paper Group
Construction Technology Laboratories (CTL)
Electric Power Research Institute (EPRI)
Environmental Resources Management (ERM)
EO Associates
Georgia-Pacific Corporation
Heritage Environmental Services
Kraft Foods
Marvic Minerals
NCASI
NCASI
Portland Cement Association
STS Consultants
Tate & Lyle - A.E. Staley Manufacturing Co.
USEPA Region 5
University of Wisconsin, Department of Soil Science
Weyerhaeuser Company

Formal Presentations
Twelve formal presentations were scheduled over the two-day period. The first speaker, Elizabeth
Olenbush, reviewed the beneficial use of industrial by-products from a market development
perspective, and raised themes that included barriers and opportunities within five “E” categories –
environmental, engineering, economics, end users, and education. These themes set the stage for the
presentations and discussions that followed.
National Council for Air and Stream Improvement
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A specific example of a BPS project, in this case within the Canadian province of Alberta, was
described by Stuart McCormick. The facilitated project involved 15 sponsoring organizations and 18
other interested parties and consisted of four phases: raising awareness and recruitment of
participants; collection and analysis of data on by-products and their characteristics; implementation
in terms of the identification of possible beneficial uses, including top prospects; and evaluation of
the project, including an analysis of barriers to beneficial use.
Two presentations addressed the use of by-product materials in cement manufacture. Alex
Mishulovich shared information on the U.S. cement industry, the cement manufacturing process, and
the use of various by-products (e.g., fly ash, blast furnace slag) as fuels, raw mix ingredients, and
cement product additives. The chemical characteristics of cement and of possible by-product
ingredients were also reviewed. Andy Bettman introduced a case study on the development of alum
processing residue, which is a variable mixture of silica, alumina and titanium dioxide, into a
valuable feedstock for cement manufacture. On a more general note, the importance of supply
(material characteristics), transportation, and market conditions to the feasibility of a beneficial use
project was explained.
Dean Golden described the research and practice on the beneficial use of coal combustion byproducts such as fly ash and flue gas desulfurization sludge. About one-third of the fly ash generated
in the U.S. is beneficially used, principally in the areas of land application and cement/concrete
products. One interesting research area involves the development of aluminum-fly ash composites
for the manufacture of automobile parts and similar applications. No paper on this presentation was
available for the proceedings.
In his review of raw materials and by-products associated with the pulp and paper industry, William
Thacker explained the current management of, and potential alternatives for, the industry’s byproducts. Particular emphasis was placed on management options for boiler ash, wastewater
treatment solids, and causticizing wastes. Causticizing wastes, for instance, are employed as
agricultural lime substitutes and as cement kiln feedstocks.
Considerations in the evaluation of beneficial use options were delineated by Douglas Hermann, with
a focus on the blending of by-products to produce an improved material. A case study involving the
matching of a high-carbon pulp residue with a high-nitrogen pharmaceutical residue for land
application was described in detail.
Joseph Laubenstein explained his company’s program that employs an engineered soil to cover
enormous mine refuse piles, thereby preventing the generation of contaminated water. The soil
includes short paper fiber (wastewater treatment solids from the paper industry) as one of its
ingredients.
Sustainable business practices were defined and illustrated by Ronald Vriesman. The West
Michigan Sustainable Business Forum was offered as an example of an association of businesses
promoting recycling and other pollution prevention activities.
Leslie Cooperband described a project in northeast Wisconsin that is investigating the feasibility of
combining organic residuals from farms, food processors and possibly other sources at a centralized
processing facility and generating one or more products. The initiation of this project was covered in
the December 2000 issue of BioCycle.
Michael Malecha reported on the types, characteristics, and management of the variety of byproducts created by facilities of a major food processing company. The company is focusing efforts
on finding uses for by-products that are not land-based. No paper on this presentation was available
for the proceedings.
National Council for Air and Stream Improvement
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Finally, characteristics of the raw materials, manufacturing processes, and by-products of the iron
and steel industry were presented by Kim Lenti. Current beneficial applications for the major byproducts were reviewed, with the use of steelmaking slag in asphalt mix recounted in some detail.
Informal Discussion Periods
Discussion periods were scheduled as part of the meeting to allow ample time for informal dialogue
regarding various issues surrounding the beneficial use of industrial by-products. These periods were
structured along the following interrelated topics: environmental/liability, technical, economic, and
markets/advocacy. Much of the discussion centered on barriers to beneficial use.
Significant attention was given to environmental and liability issues. The following were among the
observations.
•
•
•
•
•
•
•

Classification as a waste creates stigma and regulatory hurdles that virgin materials do
not face.
The traditional command-and-control approach to environmental regulation hinders
flexibility and innovation; regulations may not have been designed to promote beneficial
use.
Markets cross state borders, but solid waste regulations, which differ among the states,
do not.
Regulators and generators often are uneasy with the idea of commingling wastes, a step
that may greatly enhance a beneficial use option; for generators, there is a concern with
establishing a shared liability.
Regulators and the public can have an excessive fear of trace chemicals.
Liability/risk concerns may thwart a project, yet liabilities may be more perceived than
real.
Well-designed regulations can reduce uncertainty and concerns with liabilities/risks.

Technical issues that can have a bearing on the feasibility of beneficial use were reviewed as well.
The discussion included the comments below.
•
•
•
•
•
•

Variability in characteristics can eliminate a by-product from consideration; control of
by-product quality may need tightening to broaden beneficial use possibilities.
End-use specifications or performance standards are sometimes unclear or undeveloped.
Reluctance of potential end users to consider materials of “different” composition can be
a hindrance.
Tech transfer is often haphazard; success stories frequently are not communicated, or not
widely communicated.
Lack of understanding of technical aspects of other industries results in unrecognized
opportunities.
Blending or other processing can improve the utility of residuals.

As with any business enterprise, a beneficial use opportunity must make economic sense. Discussion
of economic considerations raised comments that included the ones below.
•
•
•
•

A successful project generally requires reduced generator costs, at a minimum.
Transportation distance is critical to the cost of most projects and is a possible deal
breaker.
Generators are too often unaware of the true cost for their current waste management
method.
Many companies lack capital to make process changes or add a new process that could
enhance a beneficial use.
National Council for Air and Stream Improvement

4

Special Report No. 01-06

•

State taxation and incentive policies can aid the beneficial use of industrial residuals.

Issues related to markets and advocacy, not only reaching possible customers but also gaining
support within an organization, were also contemplated. Among the points raised were the
following.
•
•
•
•
•

By-product quantity and processor/market demand mismatch (way too little material or
way too much) can eliminate potential markets.
A pessimistic “been there, done that” attitude among generators, from exposure to a
number of beneficial use programs that never developed or were short-lived, results in
reduced motivation to pursue opportunities.
Generators and end users are focused typically on normal business activities, and there
may be a lack of time to thoroughly investigate potential beneficial uses.
Waste brokers/facilitators have beneficial use as an area of focus and can be critical to
the success of a project.
State market development agencies can help promote beneficial uses of industrial
residuals.

The Future
At the end of the meeting, participants were asked to express any interest and ideas for future
activities to promote multi-industry interaction and beneficial use. There was interest by a number of
participants in seeing the issue carried forward. It was suggested that state market development
officials, state environmental regulators, and additional industries be engaged in future discussions.
These “discussions” might take several forms, including publicizing the meeting though the
publication of articles. Another route would be to attend or speak at meetings sponsored by certain
industries or organizations, such as those related to agriculture, chemical production, and mining.
Subsequent to this BPS meeting, representatives of NCASI and EO Associates attended USEPA’s
Jobs through Recycling Roundtable where the beneficial use of industrial by-products was discussed
with state officials having responsibility for development of recycling markets. NCASI is
considering the development of meetings with a regional focus, a by-product-specific emphasis, or
with the specific purpose of reviewing by-product characteristics and beneficial use experiences with
state regulators. NCASI expects to receive a USEPA grant on beneficial use coordination, and tasks
include hosting one or more meetings with state regulators to advance the productive use of industrial
by-products.

National Council for Air and Stream Improvement
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UTILIZING INDUSTRIAL BY-PRODUCTS IN THE CEMENT INDUSTRY
(ANYTHING GOES?)
Dr. Alex Mishulovich, Construction Technology Laboratories
Following are copies of the materials used for this presentation.

CEMENT INDUSTRY DATA SHEET (1999)

Annual output, thousand metric tons

86,000

Number of cement plants

116

Average plant capacity, thousand ton/year

754

Number of rotary kilns

199

Average kiln capacity, ton/day

1,240

Number of cement-producing states

39
CA, TX, MI, PA, MO,

Top 10 cement-producing states
FL, AL, SC, NY, IL

National Council for Air and Stream Improvement
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Concrete composition
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BY-PRODUCTS IN CEMENT MANUFACTURING
1. WASTE-DERIVED FUELS
2. RAW MIX INGREDIENTS
3. SUPPLEMENTARY CEMENTITIOUS MATERIALS

USE OF BY-PRODUCTS IN CEMENT KILN FEED
SiO2

Al2O3

Fe2O3

CaO

-

F

Organic
matter

Heating
value,
BTU/lb

Deinking sludge

15

25

Shredder fines

22

6

Alumina byproduct (1)

44

12

18

Alumina byproduct (2)

23

15

57

Spent pot liner

11

Oily residue

21

Food containers

30

Pigment byproduct

12

7

9

5,000

12

2,100

60

7,500

13

10
19

50

28

86 (as is)
52

55

20
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DRAKE’S RULE FOR A SALE AND A CASE STUDY: ALUM PROCESS RESIDUE
AS A PRIMARY FEEDSTOCK IN CEMENT MANUFACTURE
Andy Bettman and David Shively, Marvic Minerals

History
Tri-State Minerals began doing business as a mining company in 1990. During the next 10 years,
Tri-State merged or bought several smaller operations throughout the Midwest and near South.
By 1920, they were mining fluorspar, zinc, lead barite, clay, and coal. Consolidations, low recovery
rates, and downward business cycles led to Tri-State’s eventual transition into industrial minerals
with emphasis on construction and cement raw materials.
By 1980, 50% of Tri-State’s business has either secondary recovery of spent minerals or byproducts
recycling and beneficiation. Recruitment of byproducts was based on the ability to combine these
materials with existing product lines in order to achieve lower unit price raw material supplies to
customers and as a low cost booster to low grade mined ores.
In 1988, some of the officers and vendors of Tri-State Minerals purchased some of the mineral rights
and all the byproduct business of the company and formed Marvic Minerals, Inc., with its primary
goal to develop a better strategy and higher end users for its byproducts and waste materials business.
By now, there was a burgeoning demand by generators for services that would process and develop
beneficial reuse technologies and waste products. Today, 75% of Marvic’s market is in beneficial
reuse technology.
What is Marvic?
Marvic is a facilitator for waste materials and byproduct market development. This consists of:
Product analysis
·
·
·
·
·
·

Site analysis
Logistical analysis
Market analysis
Facility analysis—existing facilities processing options
Like material comparison
Analysis of shipping options

Processing phase
·
·
·
·
·

Product staging and dewatering
Material processing, including communition, washing, drying, or
calcinization and agglomeration.
Transporting—hauling and loading on any form of transport
Shipping and transloading
Unloading

Marketing/Sales phase
·
·

Off-loading
Contracting for reuse
National Council for Air and Stream Improvement
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·
·
·

Customer billing
Collections
Penalties and carrying charges

Who does Marvic serve?
Consumer—net revenue user
·
·
·
·

Makes an end product
Needs one or more of the constituent minerals contained in raw material
Can facilitate erratic streams of waste material
Is and remains in environmental compliance

Generator
·
·

Negative revenue stream—must lower cost of disposal or strive toward a zero or
positive revenue stream for byproducts
Desires to change wastes to useable products through incentive, joint ventures or
manufacturing changes

Where does Marvic work?
·
·
·
·

Operates on generator’s site or nearby
Utilizes, when possible, fugitive heat sources or additional facilities available to
generator
Operates at port facilities or rail loadout
Operates on user site

How does Marvic operate?
·
·
·
·
·

Analyzes needs of consumers that could be served by generator’s product or
combination of products which would include generator’s products
Confirm economic viability of project
Reclaims and processes generator’s wastes to comply with end users needs
Contracts transportation of wastes or byproduct to end users to assure consistent,
timely deliveries
Can, if necessary, facilitate separate stockpiles and blending at points of origin
or discharge to assure product quality and quantity

National Council for Air and Stream Improvement
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Anatomy of a Sale
Drake’s Rule
3 Phases of a sale
1. Supply
2. Transportation
3. Market
No sale will ever become a reliable commitment
without control of 2 phases of the 3 possible
by the seller

Supply

Transportation

National Council for Air and Stream Improvement
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Aspects of application for Drakes Rule

Supply
·
·
·
·
·
·

Quantity
Quality (consistency)
Price
Ease of handling
Possible value added features
Customer service

Transportation
·
·
·
·
·
·

Mode
Customers’ accessibility to multiple modes of transport i.e. barge, rail, truck
Competitiveness of available modes
Possible freight combinations i.e. barge to dock, blend—reload rail
Ownership of vehicles i.e. barge, rail cars
Contractual relationship with hauler

Market
·
·
·
·
·
·

Analysis of raw material stream quality and quantities
Analysis of accessible markets for raw material
Analysis of available competing raw materials currently serving potential end user and price
structure
Analysis of potential customer long term viability (cyclicality)
Analysis of costs of beneficiation if necessary for end user including ROIC and analysis of
optional disposal costs
Sale of material to each user

National Council for Air and Stream Improvement
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Comparisons of Marketing Entities

Producers

Facilitators

Brokers

Produces one or more
products for sale either by
themselves or broker

Can produce some primary
raw material for use as
blending stock with
byproducts

Produces no product
Represents producer or
facilitator

Maintain possession of raw
material until point of sale

Can maintain possession of
raw material until point of sale
or recycle fee from generator

Takes no possession
Makes representation
according to producer

Assume all risks

Assumes all risks except
residual liabilities inherent
in product

Assumes no risk

Can sell direct to end user

Can sell direct to end user

Can only represent former or
latter as sales agent

Owns and operates
Facility to process

Can own and operate facility
Almost always maintains
rolling stock for staging
material

Office staff only
Sometimes owns
transportation vessels and
storage

Insures for all risks,
environmental and liability

Insures for all risks

Limited liability only

N/A

General knowledge of several
industries and processes
Inclined to find maximum
uses of waste material and has
capacity to combine his
material with others in order
to dilute or enhance one or
more of the product’s
constituents

Generally a veteran of a
specific industry
Specializes in specific needs
and acquaintances within that
industry

The following is a case history of an actual product we have developed using the aforementioned
profile.

National Council for Air and Stream Improvement

20

Special Report No. 01-06

Alternative Raw Materials for Use in the Manufacture Of Portland Cement
Alum Process Residue
A Case Study

Background:
Marvic Minerals experience has been about a 50/50 proposition that it finds the “pile” or the
“pile” finds Marvic.
In the case of alum process residue (a.k.a. APR), the industrial producer, the one with the
“pile”, came to Marvic for assistance in developing a viable marketing program. Heretofore,
the producer (an expert in aluminum sulfate marketing) had attempted to create a need vis-avis internal assessment of where the APR should work, however with limited success they
sought expert assistance.
Enter Marvic—byproduct review—targeting a reuse option—testing—contracting
-The rest is history.

What is APR:
Essentially the insoluble fraction from the action of sulfuric acid on a ground and calcined
bauxite to produce alum or aluminum sulfate.
Spot Analysis:
SIO2
AL203
FE203
CAO
MGO
NA20
K20
TI02
SO3
LOI
Moisture
Sieve

~67.00%
12.50
0.70
1.50
0.25
0.03
0.75
2.40
0.06
11.00
23.00
90.00 plus 80 mesh

Listed oxides are of major interest to a cement operation and potential positive or negative
(based on percentages) impact on clinker quality.

National Council for Air and Stream Improvement
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Protocol to Characterize the APR and Potential Reuse Options
Review: What is it? Where is it? How much? How to reuse? What are economics? What
are options?
Step 1. What is it?
…A variable mixture of silica/aluminum/titanium dioxide…with the silica being predominately
non-crystalline in form.
Step 2. Where is it?
…East St. Louis, IL with rail & river access.
Step 3. How much?
…About 1.5 million tons
Step 4. How to reuse?
…study reveals that some cement operation using a roller mill to crush quartz sand (MOHS 7)
can benefit form the softer high silica APR (MOHS 3.5-5.0) i.e. higher thru put and less
grinding energy. Also, there is improved in-kiln burnability. Easier grinding & better burning
Step 5. What are economics?
(how to move)…survey determined need for barge movement to optimize freight.
(where to move)…identified plants with processing issues and accessible by barge.
(why to use)…Discuss features and benefits of APR as a silica substitute with key cement
managers, with one agreeing to take the lead in testing and champion the project and track:
A.
Front end benefits
B.
In-kiln advantages
C.
Production impact
D.
Cost/benefits
(what makes it work)…Explore/negotiate with generator our needs to implement the program:
A.
Site access
B.
Lab availability
C.
Environmental issues
D.
Subsidies
E.
Multiyear contract
Step 6.

What are the options?

…with the establishment of the cement plant as the primary consumer of the byproduct it is still
necessary (if one is smart) to develop some alternative uses…i.e. a food chain. Find ways to
reuse the waste in other industries as secondary, tertiary outlets.
…Marvic allocates some applied research dollars to fully characterize its contract waste
streams…e.g. Is it inert, reactive, absorbent, etc? With an understanding of what it is (asgenerated) and our broad knowledge of other markets, it may be possible to beneficiate
(physical/chemical) the waste… “sow’s ear can become the silk purse”?
Thank you for your attention………….Comments?
National Council for Air and Stream Improvement
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Holes Samples at General Chemical

Ft.
1
2
3
4
5

Hole 1
Topsoil
Buff APR
w/ some
Bricks
&
Rocks
Gray Clay

Hole 2
Topsoil
Gray APR

Hole 3
Black
Topsoil
Buff APR
(1Jwa)

APR
Becoming
Pinker
with
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September 26, 2000

Denver Div. # MM777-5
Sample ID: Hole 52 Side & Bottom 9/21/00
CHEMICAL ANALYSIS
WT%, DRY BASIS
Silicon Dioxide, SiO2
Aluminum Oxide, AL2O3
Iron Oxide, Fe2O3
Calcium Oxide, CaO
Magnesium Oxide, MgO
Sodium Oxide, Na2O
Potassium Oxide, K2O
Total Alkalies as Na2O
Titanium Dioxide, TiO2
Manganese Dioxide, MnO2
Phosphorus Pentoxide, P2O5
Strontium Oxide, SrO
Barium Oxide, BaO
Sulfur Trioxide, SO3
Loss on Ignition

69.74
14.26
0.62
0.13
0.17
0.15
1.00
0.81
2.82
0.01
0.05
0.09
0.05
1.28
9.62

Moisture, as Received

17.14

Analysis performed by Wyoming Analytical Laboratories, Inc.
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SLIDE 5 - BioMix® soils have been used in many different applications. This is a listing of some of
those applications. The most prominent of these are in the mining and landfill industry where water
treatment costs are of major concern.

SLIDE 6 - After investing $5 million of Research and Development funds this is the unit that BFI
engineered for the manufacturing of BioMix® soils. This plant has the capacity to manufacture 200
tons of product per hour under a very stringent QA/QC program resulting in a product that can meet
any product specifications required. The blending recipes are laboratory-trailed, making certain of
the proper mixing ratios, before the manufacturing process is started on a large scale. During
production of the product many samples are taken, typically every 5,000 tons of product, assuring the
BioMix® meets and many times exceeds the QA/QC program.

SLIDE 7 - One of the most important parts on the manufacturing plant is the preprocessing unit.
Shown above is the rototiller assembly which can also be switched out with a hammer mill unit for
more difficult SPF® materials. This unit preprocesses the SPF® down to particle size of 3/8 of an
inch or less. This is very important in the manufacturing process. Many product specifications
require a large surface area so microorganisms can readily get to the carbon source that is available
in the SPF®. Allowing the SPF® to stay in a “slug” form, which is the way it is mostly received
from the paper mills, results in soil matrixes that do not perform satisfactorily in the field. Another
important attribute of the preprocessor is it transforms the SPF® into a raw material resulting in a
very homogeneous BioMix® soil.

SLIDE 8 - This is the unit that feeds our proprietary fertilizers and pH adjusting compounds into the
mixes. This is especially critical when we are manufacturing agronomic soils. Agronomic soils are
manufactured based on their moisture holding capacities and their abilities to grow vegetative plants
having the highest evapotranspiration properties achievable. This is the most beneficial property of
these soils for in many instances the hydraulic barrier layer can be eliminated from the closure
process.

SLIDE 9 - You are looking down the throat of the pug mill mixing component. This is where all the
ingredients are mixed together resulting in the proper BioMix® soil. The mixing chamber has a
retention time of only a few seconds up to 20 seconds depending on the mixing requirements to
obtain a soil matrix needed to meet the QA/QC requirements of the project. The paddles are made of
¾-inch tempered steel able to withstand the most difficult materials (granite, shale, and other
hardened materials) which are used sometimes to manufacture BioMix® soils.

SLIDE 10 - The hand on the right holds Short Paper Fiber® or SPF® as it is commonly received
from a paper mill. The hand on the left holds SPF® after it has gone through the preprocessing unit.
Notice how the particle size is much smaller, resulting in larger surface areas for the microorganisms.
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SLIDE 11 - The hand on the right is holding SPF® after being processed through the preprocessing unit.
The hand on the left is holding a BioMix® soil matrix. Notice the BioMix® soil has a dark brown color
as compared to the SPF® on its own. This is a very important feature of our soils for we try to mask the
presence of the SPF® material in our soils. This is accomplished through mixing the SPF® with on-site
native soils that may contain humus material or at times we even spray the BioMix® soils with
environmentally friendly color enhancers that turn the soils a deeper earthen brown color. Not only are the
soils more accepted by the end users but it also results in soils that germinate plants quicker and in the
Northern climates longer into the fall months due to their solar absorption properties.
SLIDE 12 - Here you are looking at a stockpile of BioMix® soil. It is hard to see from this picture but the
tip of the pen is pointing to an aqua colored fertilizer particle. The fertilizer particles that we purchase are
actually sprayed this color so we can visually see the distribution of the fertilizer throughout the product.
Also, when we go back to projects that have had our soils in place for a period of time we are able to
easily locate the fertilizer particles to evaluate their breakdown and remaining nutrient values. This
practice is only done today on those projects requiring close scrutiny.
SLIDE 13 - These are two different mining operations where we have successfully employed the
BioMix® Technology. The Martinka Mine site is a 135-acre coal refuse pile over 300 feet high in Tygart
River, West Virginia.
The Alcoa mining site is located in Bauxite, Arkansas. This site encompasses 7,000 acres; all of the
rainwater falling on this site is treated through a water treatment process to remove acid mine drainage
commonly referred to as AMD.

SLIDE 14 - This is what streams look like that receive Acid Mine Drainage (AMD) from many of the
inactive mine sites through out the Appalachian Mountains. The water coming from the small stream in
the middle of this picture contains the AMD from an abandoned mining site. The pH of this water is in
the range of 2.3 to 2.5. As it flows into the larger receiving stream the pH is quickly raised by the dilution
of the larger receiving stream resulting in the precipitation of the iron and manganese. One can see the
settling of the red precipitate around the rocks in the stream. Hundreds of miles of streams are void of life
due to the effects of AMD.
SLIDE 15 - This is an aerial photo of the Martinka Mine site located in Tygart River, West Virginia.
Active mining of coal stopped at this site in 1993. You are looking down on the coal refuse piles that
were constructed over the past 50 years while the mine was in operation. The combined area of the two
refuse piles is 135 acres. The piles rise to a height of 300 feet from toe to top, having slopes of 2:1.
Reclamation on the refuse pile on the left side of this slide was started in 1995 and completed in 1999.
The refuse pile to the right is in the process of receiving BioMix® soils and is scheduled for completion in
summer of 2001. Upon completion, over 700,000 tons of Short Paper Fiber® will be used on this site to
cure the AMD problem.
One can see all the collection ponds around the site that collect all the rain water that percolates through
the pile. In the center of the slide, or the area between the two refuse piles, is where the water is treated
before being discharged into the Tygart River.

SLIDE 16 - This is one of the treatment ponds that the AMD is pumped up to. Notice the dark red color
of the water which is characteristic of AMD water.
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SLIDE 17 - This is one of our permitted blending areas in the state of West Virginia. The Short
Paper Fiber® is trucked from the mill to this site where it is blended with native soils, fertilizers, and
pH adjustments in the manufacturing of BioMix® soils. This is a 5-acre site that is permitted to
handle 60,000 tons of product at any one time. From here the BioMix® soil is trucked to the mining
site where it is placed on the refuse piles.

SLIDE 18 - This is a 5,000 square foot test pad to get the proper permeability to get the right
placement methodology which is required for developing our QA/QC program. Shelby tubes are
extracted from the test pad area and sent to a laboratory to determine the permeability of the material.
Once the proper methodology is determined, number and depths of lifts plus number of passes
needed to be made by the compacting piece of equipment, the specifications are implemented into the
field placement and become the major part of the QA/QC program. When placed in the field Shelby
tubes are taken every acre to confirm the proper permeability for the project is met.

SLIDE 19 - These are the permeability results from the 5,000 square foot test pad used at the
Martinka project. One can see from this table that this SPF® has great permeability properties
resulting in a barrier layer that will stop both water and oxygen from entering into the coal refuse
piles. Without the presence of water and oxygen together, Acid Mine Drainage (AMD) cannot be
generated.

SLIDE 20 - This is placement of the SPF® for barrier layer on the slide slopes of the coal refuse pile.
Notice the steepness of the slopes.

SLIDE 21 - The placement equipment must be able to move both up and down the slopes to properly
and economically place material. For this project a wide track D-6 low ground pressure dozer is
used.
Notice in the background the refuse pile on the other side of the valley which was capped from 1999
through 2001.

SLIDE 22 - Notice the Acid Mine Drainage (AMD) which is seeping out from the refuse pile where
the bench is constructed for support of the height of the pile. This did cause problems during
placement of SPF® and BioMix® on the slopes of the refuse piles. Each bench was graded so that
all the AMD would flow by gravity to the collection ponds.
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SLIDE 23 - Once the final vegetative layer is placed on the refuse piles the areas are seeded. The
preferred method of seeding BioMix® is drill seeding. On slopes too steep for this method, seeding
is accomplished by standard hydroseeding methods.

SLIDE 24 - One truly gets the feeling of the steepness of the slopes from this slide. One major
advantage of BioMix® soils is its ability to stick on steep slopes with little to no erosion. This
ability is achieved from the interlocking mechanism of the fibers in the product. Each fiber
interlocks with an adjoining fiber resulting in a matted effect which resists erosion. It takes
tremendous energy from a violent downpour to overcome this interlocking phenomenon; thus the
product is virtually non-erodible.

SLIDE 25 - Once the turf plants become established, usually within 6 months, the entire slide slopes
become secured and chances of slope failures are nonexistent.

SLIDE 26 - From this slide, one can notice the uniformity of the grass cover. The cover is the most
important part of the closure; each grass plant acts as a pump in removing water from the refuse pile.
The grass varieties are chosen based on their evapotranspiration rates. Another characteristic of the
grass species chosen is winter hardiness along with tolerance to heat stress.
It is extremely important that these capping systems are functional for the majority of the calendar
year. Winter and summer dormancy of the plants is kept to a minimum by the selection process. In
some climatic regions dormancy cannot be overcome. In these areas the capping layers are increased
in depth allowing for a larger reservoir capacity for water in the soils. Once the turf plants come out
of dormancy the excess moisture held in the BioMix® soils is extracted and vacated out of the soil.
Once again the systems are restored to 100% of their holding capacity.

SLIDE 27 - This close-up of the grass cover shows some of the plants going to maturity and starting
to form seed heads. Upon maturity these seeds will fall to the ground where many of them will
germinate, resulting in young new plants. This is also important to the cap performance for younger
grass plants have a higher evapotranspiration rate than older more mature plants.

SLIDE 28 - This is an area where acid mine drainage (AMD) is seeping from the refuse pile even
after the BioMix® cap has been placed over it. This is due to the fact that there are extremely large
quantities of water in these piles for they have been open to the environment for years. This area is
one where the water pressure within the pile is being relieved both by hydraulic pressure within the
pile and gravitational forces. Since the pile has been capped off, water no longer is able to penetrate
the refuse pile; over time the flow will become less and less until it stops altogether.
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SLIDE 29 - Historically, the normal practice of the reclamation industry was to install seep drains
into these refuse piles to release the water to collection areas for treatment. The soils used to cap the
piles where very porous, allowing rainwater to move freely into the piles. It’s not uncommon to see
seep drains every 20 to 50 feet around the entire toe area. These drains also were important to
relieve the internal water pressure at the toe of the pile that resulted in many slope failures on these
enormous piles. With the use of BioMix® soils rainwater is held in the top 24” where it is used by
the grass and not allowed into the refuse pile. With the use of this technology not only is water
treatment eliminated but also the need to install and maintain these seep drains. Also, the engineered
integrity of the refuse pile stays intact eliminating the danger of slope failures.
SLIDE 30 - This is the same area that was shown two slides back. This was taken two years after the
BioMix® cover was placed on the refuse pile. Notice that the flow has been reduced to a trickle and
the grass is creeping in. Once the seep slows the grasses grow in due to their tilling and reseeding
properties. Today this entire area is completely grassed and this seep is non-existent.
SLIDE 31 - This picture was taken half-way up the refuse pile showing one of the collection ditches
located on every bench. There is still some flow of AMD as the BioMix® has only been in place on
this area just under one year.
SLIDE 32 - This is one of collection ponds for the AMD being generated from the refuse pile.
Notice the dark red coloring of the water which is characteristic of AMD. More importantly, notice
how the level of water in this pond has been reduced some 18 to 20 feet. At one time the water level
was up to the lower bench area of this pile. From this slide one can also see that the grass cover has
not matured yet so the full performance of the BioMix® cap has not even been achieved at this time.
SLIDE 33 - This picture was taken later of the same collection pond as the previous slide. Notice
once again that the level of AMD water has dropped another 10 to 12 feet and the grass is maturing
with the dark green color which is characteristic of plants growing on BioMix® soils. This dark
green coloring is due to the beneficial inherent properties from the Short Paper Fibers® used in the
manufacturing process of BioMix®.
The right side of this slide was not reclaimed with BioMix® soils but with native soils that came
from the site. The BioMix® side, the left side of the slide, was seeded approximately a year prior to
this picture.
SLIDE 34 - This is where one really begins to appreciate the impact BioMix® soils have on reducing
the generation of AMD. Notice from this slide that the water level has been lowered some 20+ feet
in the collection pond. More importantly this slide was taken in mid-January when the
evapotranspiration rate of the cap is at its lowest and still very small volumes of water are coming
from the refuse pile. This truly shows how well these caps work even during the most demanding
times of the year.
Also notice the green color of the grass on the slope of the refuse pile to the right of the slide. This
shows the importance of the selection process of the proper varieties of grasses based on their winter
hardiness characteristics.
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SLIDE 35 - This is a different view of the same holding pond from the previous slide. Once again
notice the depth that the water level has been reduced to and also what little flow is contributing to
the pond during this most critical time of the year.

SLIDE 36 - Looking down into the holding pond, one notices the characteristic dark red color of the
AMD is gone. This water is clear, as can be seen along the edge of the pond, and the water quality is
excellent. The pH of this water is 7.2 while the iron and manganese levels are in the range of 2 to 5
ppm. This is additional validation of the beneficial effects BioMix® soils have on curing and
eliminating the generation of AMD from coal refuse piles.

SLIDE 37 - This slide shows the difference in water quality after reclaiming the coal refuse pile
using BioMix® soils.

SLIDE 38 - Looking at the refuse pile on the left side, one will notice that the backside of the pile has
no turf cover. This area was reclaimed with a mixture of coal fly ash, soils, and fertilizer.

SLIDE 39 - A close-up of this area reclaimed with the fly ash product reveals severe erosion and a
turf cover that is not uniform.

SLIDE 40 - A closer view of these washout gullies reveals that the topsoil layers have been
completely eroded and the refuse coal is exposed to the elements. This results in rainwater
infiltrating into the pile resulting in additional AMD generation.
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SLIDE 41 - This is a slide showing the coal refuse pile that has been under reclamation for the past
three years. This picture was taken in 1997, a year prior to reclaiming this pile.
One can get a sense of the magnitude of the pile by looking at the Euclid truck in the middle of the
picture. This truck is large enough to hold 60 tons of coal.

SLIDE 42 - This aerial photo was taken in 2000 showing the amount of the refuse pile that has been
reclaimed. All of the steep slopes are completed on the front face of the pile. The arrow is pointed
to where the turf cover is starting to establish on the right hand side of the pile.

SLIDE 43 - The Alcoa site encompasses some 7,000 acres located in Bauxite, Arkansas just 15 miles
south of Little Rock. This is a closed site where bauxite ore at one time was mined for
manufacturing aluminum products. All rainwater falling on this site is treated due to the generation
of acid mine drainage (AMD) also.

SLIDE 44 - This is a massive site. As far as the eye can see the land has been disturbed to mine the
bauxite.

SLIDE 45 - This slide shows a ten-acre area that was reclaimed using BioMix® soils. The entire
area to the left of the arrow and the area in the middle of this picture received BioMix® soils. The
light area to the right of the arrow was reclaimed under the normal operating procedures for
reclamation.
Immediately after this area was seeded the site received 5.2 inches of rain in a 6-hour period. One
can actually see the water flowing in the tracks left from the tractor seeding.

SLIDE 46 - The arrows show the line of demarcation delineating between the BioMix® soils above
the arrows and the native soils below the arrows. What is so noticeable in this picture is all the
erosion of the native soils and no erosion whatsoever of the BioMix® soils. Even where the tracks
from the tractor ran straight up and down the slope there was no movement of the BioMix® soil.
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SLIDE 47 - This is a later picture taken of the same area as the previous slide. Notice to the left of
the arrow the uniform dense crop of turf established. The native soils have patches of turf while
erosion continues to move soils off of the site into the retention ditches below.

SLIDE 48 - Moisture-Point® Technology was deployed for all the reasons mentioned above.

SLIDE 49 - These listed companies along with Texas A&M are instrumental in the development of
this technology.

SLIDE 50 - Moisture-Point® Technology is a methodology for monitoring and calculating moistureholding capacities of soils on a real time basis. In the past, evapotranspiration rates could only be
projected by using theoretical models and one could only project based on the assumptions used in
the model. This is not the case with Moisture-Point® Technology which gives one live data from the
site based on the actual live time performance of the turf cover and soil.
Probes are placed in the soil profile at predetermined depths. Through the process of electric diodes
within the probe one is able to get readings of soil moisture at each diode depth. If one wanted to,
the soil profile could be dissected into 1-inch slaps, monitoring the performance of the soil based on
the readings for every one-inch layer of soil. The system has the capabilities of taking readings every
three (3) minutes. By knowing the moisture holding capacity of the soil from a simple laboratory
test, one can calculate the moisture holding capacity of the soil at anytime by subtracting the current
moisture in the soil from the available capacity of the soil.

SLIDE 51 - This shows a technician installing a probe in the field at the Alcoa site in Bauxite,
Arkansas. The probe is driven into the ground with a special tool resulting in 100% soil to probe
contact which is necessary to get readings of the moisture in the soil.

SLIDE 52 - Once the probes are installed at the proper depth in the soil they are hardwired back to a
data logger. The data logger not only sends out the electrical impulse to the probe but records the
data as to the moisture content in the soil at that given depth.
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SLIDE 53 -At the Alcoa site a complete weather station was installed to record all the local weather conditions right at the
site. All these data were collected into the data logger. From the data logger the data were retrieved via satellite
transmission to a receiving station in Virginia then back to BFI offices via the Internet in Houston. We set up the system to
take readings every hour, with 58 different data points monitored.
SLIDE 54 - This is a picture of the 10-acre reclamation area one (1) year after planting. The Moisture-Point® equipment
with weather station is at the tip of the arrow. The area behind the equipment is the area reclaimed with native soils that
also has been monitored with probes to compare the performance of the BioMix® soils to native soils.
SLIDE 55 - These last six (6) slides are an artistic rendering of how the BioMix® soils actually work as compared to native
soils. We will only concern ourselves with the final topsoil layer which is the most important layer for landfill closures and
mine reclamation.
On typical closure and reclamation projects the topsoils used are very coarse in structure and usually void of any organic
matter, resulting in a growing medium that has little moisture holding capacity. The void spaces between soil particles are
very large and mostly filled with sand particles or just air.
In BioMix® soils the organic matter content is very high resulting from the Short Paper Fibers® filling the voids between
the soil particles. The proper ratio of soil to SPF® is critical for the proper performance of the soil. Each fiber must be in
contact with a neighboring fiber which allows for a wicking process which is why these soils are superior growing mediums
over native soils used on these projects.

SLIDE 56 - As a rain event occurs water moves quickly into the native soils and many times on sloped areas the water
moves over the surface of native soils which is the cause of erosion. The water entering the soil matrix on native soils
moves quickly down through the soil due to the large void spaces and little if any is captured since there is little to no
organic matter to absorb the water.
The BioMix® soils act just in reverse of native soils. First, due to the high organic matter and lush vegetative covers
achieved, minimal water moves across the surface even on the steepest slopes 2:1. Water is pulled into the soil matrix based
on the inherent properties of the fibers making the medium act as a sponge. Once the water is in the matrix it moves slowly
downwards from fiber to fiber resulting in uniform wetting across the entire soil profile. The upper soil layers achieve
maximum moisture holding capacity before the lower soil areas start to take on water. In the native soils just the opposite
takes place. Water moves quickly down to lower soil strata by short-circuiting through the voids which are present
throughout the soil matrix. This can result in areas within the soil completely dry just hours after a major rain event occurs.

SLIDE 57 - Once the rain event stops, water moves very quickly out of the growing zone into layers below on native soils.
Once water leaves the top six (6) inches of the growing medium it can not be used by the growing plants. This water moves
down into the refuse pile where it becomes acid mine drainage (AMD) which needs to be treated as contaminated water
when it exits the refuse pile.
BioMix® soils have moisture-holding capacities exceeding 200 to 300 % compared to native soils. This impressive
moisture holding capacity is due to the properties of the fiber. Once the rainwater comes into contact with the fiber it is
immediately drawn into the fiber. As the water enters, the fiber swells giving it the ability to hold 10 to 20 times its weight
in water. It has been shown that a 12-inch layer of a properly blended matrix of BioMix® soil can hold 16 inches of water
before releasing water to the layer below.

SLIDE 58 - Since the native soils have a very low moisture-holding capacity the turf covers become stressed and go into
dormancy for survival. This further adds to the deterioration of the cap for once the turf begins to die back and thin it
further exposes the native topsoil layer to erosion.
The BioMix® soils sustain a rich vibrant vegetative cover for the grass plants have a reservoir of water available. All of the
water that is held in the topsoil layer is available to the turf plants for growth.
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products (fertilizers, composts, soil blends) to landscapers, horticultural enterprises, state
departments of transportation, golf courses, land reclamation projects, etc.
Specifically, a feasibility study of a pilot scale processing facility in the Fox River Valley is being
conducted. This study includes 1) Demographics of “waste generators” (geographic location,
company size, volumes and timing of wastes generated); 2) Chemical and physical characteristics of
each waste stream as well as combinations of wastes; 3) Economics of transporting wastes to a
centralized processing facility; 4) Suitability of processing technologies for production of soil
amendments; e.g., fertilizers and or compost; 5) Costs of building a processing facility and managing
it; 6) Market opportunities for finished products; 7) Business structure of processing facility, e.g., a
cooperative structure vs. other types of structures; 8) Existing regulatory and political climate for
such a project and changes that might be needed to provide incentives for this type of project and 9)
Potential location of centralized processing facility and sources of financing.
GENERATORS AND INTEGRATORS
We have identified several “waste generators” (industries, livestock farmers, municipalities) and a
waste “integrator” (public sector agency or private sector company or entrepreneur, responsible for
waste collection, processing and marketing/distribution) who might participate in a pilot-scale
centralized waste processing project. We anticipate that at least one food processor, several large
dairies, Appleton Wastewater and Department of Public Works (yard trimmings), a paper mill and a
wood products processor (pallet company, lumber mill) will be the major generators. We also expect
Agriliance (formerly Cenex Land O’Lakes) to play a major role as either waste processor/integrator
or product marketer and distributor. These key players will participate in the feasibility study by
providing information about the demographics of their waste streams (amounts, timing, current fates)
and chemical, physical and biological characteristics. Cenex Land O’Lakes will provide knowledge
and expertise in product marketing and distribution. All key players will participate in discussions
about the structure of their business partnership. We will explore the feasibility of a cooperative
structure for bringing industries, farmers and municipal agencies together. The University of
Wisconsin's Center for Cooperatives and Cooperative Development Services (a consulting agency)
are assisting with this part of the feasibility study. We will also identify and evaluate appropriate
processing technologies and potential markets. We will also develop a plan for securing private
investments and grants for the construction and operation of the pilot processing facility.
A number of operational projects will be studied by the steering committee members to assemble
feasibility data. These project include: A-1 Organics, Inc. in Colorado which composts diverse
feedstocks into marketable soil amendment blends; Chamness Technologies in Iowa which also
composts varied organic residuals; and Pheasant Run near Kenosha, Wisconsin that blends and
composts duck manure, cranberry processing residuals, wood shavings and other feedstocks.
Regulatory agency policies will also be reviewed carefully. Two specific public agencies and their
positive incentives for creative management projects include the California Integrated Waste
Management Board and the Iowa Department of Natural Resources Solid Waste Management
Initiative.
FROM STUDY TO FACILITY
As industry representatives, farmers and municipal government officials will be involved
continuously and actively in the feasibility study, they will receive information about the economic
and technical feasibility of a pilot-scale processing plant as it unfolds. We have formed a steering
committee of several key players and an advisory group consisting of by-product generators,
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