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Foreword

Foreword

A robust industrial sector relies on a secure and affordable
energy supply. While all Americans are feeling the pinch of
high energy prices, impacts on industry are especially acute.
High energy prices not only hurt competitiveness—they have
the potential to push critical U.S. manufacturing operations
offshore.

The Industrial Technologies Program (ITP) is actively
working through public-private partnerships to address the
enormous energy challenges now facing American industry.
We’ve established an impressive track record for moving
innovative technologies through commercialization and onto
the floors of industrial plants, where they’re at work saving
energy today. Eight of our newest technologies received

the prestigious R&D 100 Award in 2006. Equally notable
are the significant savings identified this year through the
plant energy assessments we conducted as part of ITP’s Save
Energy Now campaign.

The novel challenges confronting industry and the evolving
energy picture prompted a reexamination of our strategies for
technology development and delivery. We have identified a
number of exciting opportunities to build on our strengths,
expand into new areas, and boost program impacts to support
national goals. We are proud to be serving our country under
the guidance of the DOE Office of Energy Efficiency and
Renewable Energy (EERE). We invite you to learn more
about our current program and new directions.
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Working in partnership with industry, the U.S. Department

of Energy’s (DOE’s) Industrial Technologies Program (ITP)

is helping reduce industrial energy use, emissions, and

waste while boosting productivity. Operating within the
Office of Energy Efficiency and Renewable Energy (EERE),
ITP conducts research, development, demonstration, and
technology transfer that are producing substantial, measurable
benefits to industry. This document summarizes some of the
impacts of ITP’s programs through 2006.

Industry is the largest and most diverse energy-consuming
sector in the United States. In 2006, the industrial sector used
one-third of the energy consumed in the nation. Many of the
energy-intensive industries, including aluminum and steel,

are limited in the choice of fuels and/or feed stocks that must
be used in their processes. As a result, many opportunities
for energy-efficiency improvements are very process-specific
to one industry. However, because some important energy
applications, such as motor drives, boilers, and compressed air
systems, are common across the industrial sector, crosscutting
energy-efficiency opportunities also exist.

Over the past 29 years, ITP has supported more than 600
separate research, development, and demonstration (RD&D)
projects that have produced over 200 technologies. In 2006
alone, 104 successfully commercialized technologies saved 90
trillion Btu in measured savings. While these energy savings
are impressive, industry has reaped even greater benefits
from the productivity improvements, reduced resource
consumption, decreased emissions, and enhancements to
product quality associated with these technological advances.
In addition, many ITP-supported projects have significantly
expanded basic knowledge about complex industrial processes
and have laid the foundation for developing future energy-
efficient technologies.

ITP’s primary role is to invest in high-risk, high-value
RD&D that will reduce industry’s energy requirements while
stimulating economic productivity and growth. Because
energy is an important input for many of the nation’s key
manufacturing industries, reducing energy requirements

will also reduce energy costs, greenhouse gases, and

other emissions and will improve productivity per unit of
output. As a Federal program, ITP invests in advanced
technologies that are anticipated to produce dramatic energy
and environmental benefits for the nation. Investments focus
on technologies and practices that will provide clear public
benefit but have market barriers preventing adequate
private-sector investment.
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Executive Summary

ITP has developed a seven-part strategy to achieve its goals:

1. Investigate cross-cutting R&D to save energy in the top
energy-consuming processes used across industry.

2. Exploit fuel and feedstock flexibility to give
manufacturers options for responding to energy price and
supply pressures.

3. Invest in “next-generation” technologies adaptable to
processes throughout industry that could dramatically
change the way products are manufactured.

4. Strengthen planning and analysis to identify opportunities
with the greatest potential for energy savings and develop
a robust market transformation strategy.

5. Institute rigorous stage-gate project and portfolio
management procedures to assure sound project
management and funding decisions.

6. Emphasize commercialization planning throughout the
R&D life cycle.

7. Encourage private investment in energy efficiency
through new partnerships and strategies to reach industry.

ITP tracks energy savings as well as other benefits associated
with the successfully commercialized technologies resulting
from its research partnerships. These benefits include current
and cumulative energy savings and cumulative reductions of
various air pollutants including particulates, volatile organic
compounds, nitrogen oxides, sulfur oxides, and carbon.

In 2006, ITP programs were instrumental in achieving energy
cost savings to industry of 489 trillion Btu and $5.54 billion.
Over the entire history of ITP programs, these cumulative net
benefits are about 5.65 quadrillion Btu, which is roughly equal
to $37.8 billion (in 2006 dollars).

The bulk of this document consists of seven appendixes.
Appendix 1 describes the 104 technologies currently available
commercially, along with their applications and benefits.
Appendix 2 describes the 141 ITP-supported emerging
technologies that are likely to be commercialized within

two or three years. Appendix 3 describes 99 ITP-sponsored
technologies used in commercial applications in the past, the
current benefits of which are no longer counted in this report.
Appendixes 4 and 5 round out the reporting of impacts by
showing the benefit of two ITP technical assistance activities:
the Industrial Assessment Centers and BestPractices. Finally,
Appendix 6 describes the methodology used to assess and
track ITP-supported technologies.



Summary of ITP Program Impacts

Industrial Energy Use

Total energy consumption in the nation’s industrial sector
far exceeds any other sector and is more diverse. In 2006,
the industrial sector used 32.43 quad of all types of energy
(slightly less than one-third of the 99.9 quad used by the
entire economy), including electricity losses of 7.42 quad
(see Figure 1).

Petroleum (9.70 quad), natural gas (7.94 quad), and electricity
(3.42 quad delivered) are the three fuels most used by
industry, with coal and biomass providing another 3.95 quad
combined. The industrial sector consumed a total of 25.01
quad, of which 19.63 quad were consumed by manufacturing
industries. Of that 19.63 quad, energy-intensive industries
consumed 15.47 quad. The non-energy-intensive industries
(4.16 quad) and non-manufacturing industries (agriculture,
mining, and construction — 5.38 quad combined) accounted
for the remaining energy consumption. Industry uses nearly
6.9 quad of the fossil fuels for feed stocks — raw materials
for plastics and chemicals — rather than as fuels. Energy
expenditures in the manufacturing sector are approximately
$100 billion.

IMPACTS

Energy-intensive industries such as forest products, chemicals,
petroleum refining, nonmetallic minerals (glass and cement,
especially), and primary metals account for about 79% of all
manufacturing energy use (see Figure 2).

Many of the energy-intensive industries are limited in their
choice of fuels because the technologies currently used

in specific processes require a certain fuel. For example,
aluminum production requires large amounts of electricity
to reduce the alumina to metal. Paper pulping leaves a

large residual of wood lignin that can be reprocessed for its
chemical content and consequently supplies the industry with
half of its primary energy. Therefore, the wide variety of
fuels (and feed stocks) used in the industrial sector partially
reflects the specific requirements of the processes used to
make specific goods or commodities. Because of specific
energy requirements, the industrial sector offers a wide
variety of opportunities for energy-efficiency improvements
that are specific to particular industries and that crosscut
many industries (i.e., are common to many industries or are
needed by many process-specific technologies).
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Figure 1. Industrial Energy Flows (Quad), 2006
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Figure 2. Energy Intensity of Manufacturing Industries

The energy intensity of the industrial sector has been Since its peak in 1992, industrial sector energy intensity has
declining over the past decade, in part because of investments declined from 17,137 Btu/dollar of industrial GDP to 11,763
in the development of energy-efficient technologies by the Btu/dollar of real industrial sector GDP in 2006
Industrial Technologies Program (ITP), previously the Office (see Figure 3). These reductions are expected to continue into
of Industrial Technologies (OIT). the future, as is implied by the slower growth of energy use

with ITP programs (see Figure 3).
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Figure 3. Historical Industrial Energy Intensity and Projected Energy Use

DOE Industrial Technologies Program 3



Summary of ITP Program Impacts

The Industrial Technologies Program Office
ITP leads the Federal government’s efforts to improve
industrial energy efficiency and environmental performance.
The program is part of the Office of Energy Efficiency and
Renewable Energy (EERE) and contributes to its efforts

to provide reliable, affordable, and environmentally sound
energy for the nation’s future.

Large opportunities to save energy still exist in U.S. industry.
Putting current knowledge to use and continuing research
can make a difference. American industry can increase our
nation’s resilience in the face of current and future energy
challenges. Advances in energy efficiency, fuel flexibility,
and innovative technologies can enhance our energy security,
economic growth, and environmental quality. Good starting
points for reducing industry’s energy consumption and
reliance on oil and natural gas include:

More Efficient Operating and Maintenance Practices.
Improved and more energy-efficient operating practices
can be adopted rapidly at negligible cost to enhance
operating efficiency in manufacturing facilities in the
near- to mid-term.

Increased Adoption of State-of-the-Art Technology.
Energy efficiency can be improved in the near- and
mid-term by increasing industry’s adoption of advanced
technologies currently available. Waste heat recovery,
combined heat and power (CHP), and advanced boiler
technologies offer huge opportunities to save energy.

Fuel and Feedstock Flexibility.

Manufacturers need the flexibility to adapt to dynamic
energy prices and supply issues. Much of industry’s
natural gas is used for boilers and process heaters, which
present primary fuel switching opportunities.

Development of Next-Generation Technology.
Progress toward long-term national goals for energy

and the environment rely on continuous technology
innovation. The technologies required to address today’s
challenges can require a decade or more to progress from
basic science to commercialization.

National energy security will require widespread industry
adoption of innovative technologies and practices that reduce
energy demand. ITP leads Federal efforts to expedite novel
technology research and accelerate market introduction

of dramatically more efficient industrial technologies

and practices. Over the next few years, ITP will build on

IMPACTS

accumulated knowledge and strategic partnerships to take
full advantage of new opportunities to accelerate and broaden
impacts on industrial energy use. New challenges call for
innovative solutions. The development of energy-efficient
technologies ready to enter the market in the near-term must
be accelerated, while conducting groundbreaking research on
revolutionary technologies for the future. ITP’s applied R&D
focus effectively turns knowledge and concepts initiated by
others into real-world energy solutions. In addition, novel
strategies to expand our partner base will boost program
impacts by expediting technology commercialization and
adoption of efficient energy management practices. ITP

is currently evaluating a number of opportunities to help
industry respond to energy challenges today and tomorrow.
ITP is exploring seven new strategies to help industry stay
competitive today while preparing for future challenges:

Investigate cross-cutting R&D to save energy in the top
energy-consuming processes used across industry. By
focusing on a small number of widely used technology
areas, ITP could achieve large energy benefits throughout
the manufacturing supply chain.

Exploit fuel and feedstock flexibility to give
manufacturers options for responding to energy price and
supply pressures. ITP will seek to develop alternative
fuel and feedstock technologies to replace oil and

natural gas in the long term while supporting near-term
deployment activities to reduce the impacts of fuel price
hikes. Increasing the range of fuel options available to
industry will foster energy independence and economic
resilience.

Invest in “next-generation” technologies adaptable to
processes throughout industry that could dramatically
change the way products are manufactured. Mass-scale
nano manufacturing, process-integrated predictive tools,
and wireless real-time sensor systems are just a few of
the technologies that could bring new, cost-competitive
options to American industry.

Strengthen planning and analysis to identify opportunities
with the greatest potential for energy savings and develop
a robust market transformation strategy. Thorough
analysis of industry market barriers and challenges will
allow more effective investment decisions with a higher
impact.

DOE Industrial Technologies Program
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Institute rigorous stage-gate project and portfolio
management procedures to assure sound project
management and funding decisions. ITP has developed
its own program management guidelines based on the
conventional Stage-Gate Management™ concept of R.G.
Cooper and Associates (see Figure 4). Projects are
examined at critical gates throughout the R&D cycle

based on carefully defined technical and business criteria.

This program management tool provides ITP managers
a straightforward pathway for evaluating progress and
imposes discipline in project management, raising the
potential for commercial success of its R&D portfolio.

Emphasize commercialization planning throughout the
R&D life cycle. ITP will work with its R&D partners to
develop robust commercialization strategies and provide
other support to ensure the market success of promising
new technologies.

Encourage private investment in energy efficiency
through new partnerships and strategies to reach
industry. ITP will expand its alliance with equipment
manufacturers who are well positioned to drive new
technology to the market and publicize it to their
customers. Private industry will also be challenged

to increase their investment in advanced technologies,
energy management and best operating practices, and the
replacement of older, inefficient equipment.

In addition to these strategies, ITP partners with other
program areas within EERE and performs ongoing program
evaluation, including assessing past programs and the
benefits that have accrued from investments.

Summary of ITP Program Impacts

The ITP website (http:/www.eere.energy.gov/industry)
provides a wealth of information about the program, and
the EERE Information Center (1-877-337-3463, eereic(@
ee. doe.gov) fields questions and facilitates access to ITP
resources for industrial customers.

This report also quantifies the benefits of projects in the
EERE portfolio now managed through other program
offices but initiated in ITP. For example, partnerships

with an emerging bio-based products industry, now
managed through the Biomass Program, bring expertise
and technology from several industries — agriculture, forest
products, and chemicals — to create plastics, chemicals, and
composite materials from renewable resources. Also, the
Inventions and Innovation (I&I) Program provided grants
to individual inventors and small companies for conducting
early development through to prototyping for innovative
energy-saving ideas. In addition, projects are included

that were funded by the discontinued NICE? (National
Industrial Competitiveness through Energy, Environment,
and Economics) Program that developed and demonstrated
advances in energy efficiency and clean production
technologies.

Tracking Program Impacts

ITP has assessed the progress of the technologies supported
by its research programs for more than 20 years. ITP
managers have long recognized the importance of developing
accurate data on the impacts of their programs. Such data are
essential for assessing ITP’s past performance and can help
guide the direction of future research programs.

Stage 1 Stage 2 Stage 4 Stage 5
Preliminary [Gate 1 Concept Gate 2 Concept Gate 3 Technology |Gate 4 Information
Investigation Definition Development Development Dissemination
and Analysis and Information and

Verification Commercialization

Figure 4. Stage-Gate Management™ Process
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Energy savings associated with specific technologies are
estimated by Pacific Northwest National Laboratory (PNNL)
through a rigorous process for tracking and managing

data. When a technology’s full-scale commercial unit

is operational in a commercial setting that technology is
considered commercially successful and is placed on the
active tracking list. When a commercially successful
technology unit has been in operation for about ten years, that
particular unit is then considered a mature technology and
typically is no longer actively tracked. The active tracking
process involves collecting technical and market data on each
commercially successful technology, including details on the
following:

Number of units sold, installed, and operating in the
United States and abroad (including size and location)

Units decommissioned since the previous year
Energy saved

Environmental benefits

Improvements in quality and productivity achieved

Any other impacts, such as employment and
effects on health and safety

Marketing issues and barriers.

Information on technologies is gathered through direct
contact with either the technology’s vendors or end users.
These contacts provide the data needed to calculate the
technology’s unit energy savings, as well as the number

of operating units. Therefore, unit energy savings are
calculated in a unique way for each technology. Technology
manufacturers or end users usually provide unit energy
savings or at least enough data for a typical unit energy
savings to be calculated. The total number of operating units
is equal to the number of units installed minus the number
of units decommissioned or classified as mature in a given
year — information usually determined from sales data or
end-user input. Operating units and unit energy savings can
then be used to calculate total annual energy savings for the
technology.

The cumulative energy savings measure includes the
accumulated energy saved for all units actively tracked.
These energy savings include the earlier savings from now
mature and decommissioned units.

IMPACTS

Once cumulative energy savings have been determined,
long-term impacts on the environment are calculated by
estimating the associated reduction of air pollutants. This
calculation is based on the type of fuel saved and the
pollutants typically associated with combustion of that fuel
and uses assumed average emission factors.

Several factors make the tracking task challenging. Personnel
turnover at developing organizations and user companies
makes it difficult to identify applications. Small companies
that develop a successful technology may be bought by larger
firms or may assign the technology rights to a third party. As
time goes on, the technologies may be incorporated into new
products, applied in new industries, or even replaced by newer
technologies that are derivative of the developed technology.

Program benefits documented by PNNL are conservative
estimates based on technology users’ and developers’
testimonies. These estimates do not include either derivative
effects, resulting from other new technologies that spinoff of
ITP technologies or the secondary benefits of the energy and
cost savings accrued in the basic manufacturing industries
downstream of the new technologies. Therefore, actual
benefits are likely to be much higher than the numbers
reported here. Nonetheless, the benefits-tracking process
provides a wealth of information on the program’s successes.
The process of tracking these benefits is shown in Figure 5.

Over the past 29 years, ITP has supported more than

600 separate R&D projects that have produced over 200
technologies in commercial use. In 2006, there were 104
technologies that were in commercial use and yielding
benefits. Appendix 1 presents fact sheets on these 104
technologies. The fact sheets include applications data,
both technical and commercial, that may enable industry
organizations to identify significant opportunities for
adapting technologies to their particular practices. Table 1,
on pages 8§ and 9, provides information on the 104 currently
tracked technologies. This table shows energy savings in
2006, as well as cumulative energy savings and pollution
reductions. Note that for some technologies, energy savings
values are unavailable, very small, or too difficult to quantify.
The 104 commercial technologies saved 90 trillion Btu in
2006 and have cumulatively saved 1170 trillion Btu.

Technologies that are likely to be commercialized within two
or three years are identified in Appendix 2. Some of these
141 emerging technologies have already yielded scientific
information that has improved current industrial processes.

DOE Industrial Technologies Program
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After a commercial technology has contributed to energy and
cost savings for about ten years, the technology is considered
historical and presumed to be supplanted by newer, more
effective technologies. Appendix 3 describes the 99 historical
technologies that have been used in commercial applications
in the past. The technologies in this category are no longer
tracked. While some may still be in use, new applications

of the technologies are unlikely. During the time they were
tracked, these technologies yielded benefits that are counted
in the cumulative tallies shown in Table 1. The 99 historical
technologies cumulatively saved 2.31 quad.

The method of calculating the results for the Industrial
Assessment Centers and the resulting benefits are described
in Appendix 4. As Table 1 shows, the centers saved 196
trillion Btu in 2006 and cumulatively saved 1490 trillion

Btu since the activity’s inception in 1977. The method of
calculating the results for the BestPractices strategy and

the resulting benefits are described in Appendix 5. As also
shown in Table 1, BestPractices saved 203 trillion Btu in 2006
and has cumulatively saved 676 trillion Btu since its inception
in 1998.

Technology
Development

Emerging
Technologies

Technology Transfer is Integral to all ITP Programs

Technology Deployment
Application/Pilots/ Demonstrations

Technology Transfer is Integral to all ITP Programs

Summary of ITP Program Impacts

The determination of the net economic benefits of ITP
programs is discussed in Appendix 6. Using the energy
savings from the technologies as well as the Industrial
Assessment Centers and BestPractices, the cost savings

are determined annually for the fuels saved. The annual
energy savings by fuel type is multiplied by the fuel’s price,
with prices adjusted to reflect the fuel’s current costs. The
sum of all energy saved times the average energy price
yields an estimate of the annual savings in that particular
year. To arrive at the net economic benefits, the cumulative
energy savings are reduced by the appropriation allocated
by the government for ITP programs and by the cost of the
industry of adopting the new technologies. Details of this
methodology are provided in Appendix 6. Cumulatively,
since 1976 ITP technologies and programs have saved 5.65
quad and $37.8 billion. In addition the ITP programs have
cumulatively reduced emissions of carbon by 113 million
tons, of nitrogen oxides by 888 thousand tons, and of sulfur
dioxides by 1.79 million tons, as Table 1 shows.

Technology
Dissemination

Commercialized
Technologies

Technology
Dissemination

Impact Tracking System—Database

Key impact categories tracked:

¢ Cumulative energy savings, current energy
savings, type of fuel saved, units operating

¢ Cumulative and annual pollution reductions
(particulates, nitrogen oxides, volatile organic
compounds, sulfur dioxide, carbon dioxide)

Figure 5. Technology Tracking Process
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Table 1. Technology Program Impacts

Technologies Commercially Available

ALUMINUM

Cumulative
Energy
Savings
(102 Btu)

2006
Energy
Savings
(102 Btu)

IMPACTS

Cumulative Pollution Reductions (Thousand Tons)

Particulates

VOCs

NO

X

Carbon

Aluminum Reclaimer for Foundry Applications 0.002 0.000 - 0.000 - 0.000 0.029
Aluminum Scrap Decoater 1.93 0.378 - 0.007 - 0.226 30.6
Aluminum Scrap Sorting 1.37 0.338 0.006 0.005 0.297 0.221 27.0
Isothermal Melting 0.010 0.004 0.000 0.000 0.002 0.002 0.203
Oxygen-Enhanced Combustion for Recycled Aluminum 0.025 - - 0.000 - 0.003 0.400
Recycling of Aluminum Dross/Saltcake Waste 13.5 1.98 0.033 0.047 1.60 1.91 242

CHEMICALS

Aqueous Cleaner and CleanRinse™ Recycling System 0.149 0.015 - 0.001 - 0.017 2.36
Cavity-Enhanced Gas Analyzer for Process Control - - - - - - -
DryWash® 0.053 0.011 0.000 0.000 0.008 0.008 0.974
Hollow-Fiber Membrane Compressed Air Drying System 0.002 0.002 0.000 0.000 0.000 0.000 0.045
Improved Methods for Producing Polyurethane Foam 0.023 0.023 0.000 0.000 0.002 0.003 0.413
Low-Cost, Robust Ceramic Membranes for Gas Separation 0.011 0.007 - 0.000 - 0.001 0.175
Micell Dry-Cleaning Technology 0.027 0.003 0.000 0.000 0.004 0.004 0.497
Mixed Solvent Electrolyte Model - - - - - - -
No-VOC Coating Products 0.006 0.001 - 0.000 - 0.001 0.096
Pressure Swing Adsorption for Product Recovery 0.292 0.100 - 0.001 - 0.034 4.64
Process Heater Ultra-Low Excess Air Control 1.12 0.338 0.001 0.004 0.066 0.138 18.6
Supercritical Purification of Compounds for Combinatorial Chemical Analysis 2.69 0.904 0.012 0.009 0.581 0.433 52.9

Total Cost Assessment Tool

TruePeak Process Laser Analyzer

FOREST PRODUCTS

Advanced Quality Control (AQC) Solution for Thermo-Mechanical Pulping 0.769 0.154 0.003 0.003 0.166 0.124 15.1
Continuous Digester Control Technology 9.00 - - 0.032 - 1.05 143
Detection and Control of Deposition on Pendant

Tubes in Kraft Chemical Recovery Boilers 2.46 1.05 0.018 0.011 1.432 0.381 53.6
METHANE de-NOX® Reburn Process 1.19 0.159 0.004 0.003 0.171 0.183 22.1
MultiWave™ Automated Sorting System for Efficient Recycling - - - - - - -
Pressurized Ozone/Ultrafiltration Membrane System 0.945 0.315 - 0.003 - 0.111 15.0
Screenable Pressure-Sensitive Adhesives - - - - - - -
Thermodyne™ Evaporator — A Molded Pulp Products Dryer 0.274 0.046 - 0.001 - 0.032 4.34
XTREME Cleaner™ — Removal of Light and Sticky Contaminants 1.56 0.183 0.007 0.005 0.337 0.251 30.6

GLASS
Advanced Temperature Measurement System

High Luminosity, Low-NOy Burner

Process for Converting Waste Glass Fiber into Value-Added Products
METAL CASTING
Ceramic Composite Die for Metal Casting

0.070

0.070

0.000

0.008

1.11

CFD Modeling for Lost Foam White Side

0.051

0.029

0.000

0.008

Die Casting Copper Motor Rotors 1.00
Improved Magnesium Molding Process (Thixomolding) 0.005 0.004 - 0.000 - 0.001 0.080
Improvement of the Lost Foam Casting Process 1.47 0.489 0.003 0.005 0.136 0.199 25.7
Low Permeability Components for Aluminum Melting and Casting - - - - - - -
Rapid-Heat Treatment of Cast Aluminum Parts - - - - - - -
Simple Visualization Tools for Part and Die Design - - - - - - -
Titanium Matrix Composite Tooling Material for Aluminum Die Castings 0.019 0.010 - 0.000 - 0.002 0.294

Fibrous Monoliths as Wear-Resistant Components

Horizon Sensor™ 0.210 0.020 0.001 0.001 0.045 0.034 4.13
Imaging Ahead of Mining 4.33 0.351 0.019 0.015 0.935 0.697 85.1
Lower-pH Copper Flotation Reagent System 1.95 38.3

Wireless Telemetry for Mine Monitoring and Emergency Communications
STEEL

0.973

0.007

0.313

Aluminum Bronze Alloys to Improve Furnace Component Life 0.033 0.017 - 0.000 - 0.004 0.518
Automatic High-Temperature Steel Inspection and Advice System 4.08 2.04 - 0.014 - 0.477 64.8
Dilute Oxygen Combustion System 14.4 7.17 - 0.050 - 1.68 229
Electrochemical Dezincing of Steel Scrap 0.195 0.144 0.003 0.000 0.122 0.055 5.45
H-Series Cast Austenitic Stainless Steels 0.000 0.000 - 0.000 - 0.000 0.00

Laser Contouring System for Refractory Lining Measurements

Life Improvement of Pot Hardware in Continuous Hot Dipping Processes

0
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c”E":lglrzt;,"e E%?-.\?gy Cumulative Pollution Reductions (Thousand Tons)

Technologies Commercially Available Savings | Savings [Particulates| VOCs 50 NO Carbon
(10”Btu) | (10" Btu) X X

STEEL (continued)
Microstructure Engineering for Hot Strip Mills - - - - - - -
Shorter Spherodizing Annealing Time for Tube/Pipe Manufacturing 0.113 0.013 - 0.000 - 0.013 1.79
Transfer Rolls for Steel Production 0.103 0.035 - 0.000 - 0.012 1.63
Vanadium Carbide Coating Process 0.000 - - 0.000 - 0.000 0.000
CROSSCUTTING
Adjustable-Speed Drives for 500 to 4000 Horsepower Industrial Applications 0.342 0.160 0.002 0.001 0.074 0.055 6.72
Autotherm® Energy Recovery System 0.020 0.009 - - - - 0.433
Callidus Ultra-Blue (CUB) Burner 29.5 11.4 - 0.103 - 3.45 -
Catalytic Combustion - - - - - - -
Composite-Reinforced Aluminum Conductor - - - - - - -
Cromer Cycle Air Conditioner 0.092 0.072 0.000 0.000 0.020 0.015 1.80
Dual Pressure Euler Turbine for Industrial and Building Applications 0.066 0.048 - 0.000 - 0.008 1.04
Energy-Conserving Tool for Combustion-Dependent Industries 0.008 0.002 0.000 0.000 0.002 0.001 0.158
Evaporator Fan Controller for Medium-Temperature Walk-In Refrigerators 0.085 0.016 0.000 0.000 0.018 0.014 1.68
Fiber-Optic Sensor for Industrial Process Measurement and Control - - - - - - -
Fiber Sizing Sensor and Controller - - - - - - -
Foamed Recyclables - - - - - - -
Forced Internal Recirculation Burner - - - - - - -
Freight Wing™ Aerodynamic Fairings 0.010 0.008 - - - - 0.208
Ice Bear® Storage Module 0.001 0.000 0.000 0.000 0.000 0.000 0.011
Improved Diesel Engines 1,060 58.2 7.95 4.77 616 164 23,100
Infrared Polymer Boot Heater 0.000 0.000 0.000 0.000 0.000 0.000 0.004
In-Situ, Real Time Measurement of Elemental Constituents 0.704 0.222 - 0.002 - 0.082 11.2
Materials and Process Design for High Temperature Carburizing - - - - - - -
Mobile Zone Optimized Control System for Ultra-Efficient Surface-Coating 0.038 0.007 0.000 0.000 0.003 0.005 0.660
Nickel Aluminide Trays and Fixtures for Carburizing Heat Treating Furnaces 0.034 - - 0.000 - 0.004 0.543
PowerRim High Wattage Energy Saving Compact
Fluorescent Lamp (CFL) Adaptor for Recessed Downlights 0.252 0.069 0.001 0.001 0.055 0.041 4.96
Predicting Corrosion of Advanced Materials and Fabricated Components - - - - - - -
Process Particle Counter - - - - - - -
Radiation-Stabilized Burner 0.188 0.053 - 0.001 - 0.022 2.99
RR-1 Insulating Screw Cap 0.013 0.002 0.000 0.000 0.001 0.002 0.226
Simple Control for Single-Phase AC Induction Motors - - - - - - -
Solid-State Sensors for Monitoring Hydrogen - - - - - - -
SpyroCor™ Radiant Tube Heater Inserts 2.32 1.49 - 0.008 - 0.271 36.8
SuperDrive — A Hydrostatic Continuously Variable Transmission (CVT) 0.004 0.002 0.000 0.000 0.003 0.001 0.098
Three-Phase Rotary Separator Turbine 0.033 0.009 0.000 0.000 0.007 0.005 0.646
Ultra-Low NOy Premixed Industrial Burner - - - - - - -
Uniform Droplet Process for Production of Alloy Spheres - - - - - - -
Uniformly Drying Materials Using Microwave Energy 0.138 0.024 0.000 0.000 0.005 0.017 2.29
Waste Fluid Heat Recovery System 0.144 0.029 0.000 0.001 0.016 0.020 2.55
Waste-Minimizing Plating Barrel 4.07 0.526 0.013 0.014 0.606 0.599 75.2
Wear Resistant Composite Structure of Vitreous
Carbon Containing Convoluted Fibers 0.001 0.001 - - - - 0.016

OTHER INDUSTRIES

Absorption Heat Pump/Refrigeration Unit 2.87 0.332 0.022 0.013 1.67 0.444 62.5
Advanced Membrane Devices for Natural Gas Cleaning - - - - - - -
Deep-Discharge Zinc-Bromine Battery Module - - - - - - -
Energy-Efficient Food Blanching 0.010 0.001 0.000 0.000 0.002 0.001 0.177
Ink Jet Printer Solvent Recovery 0.450 0.053 0.189 0.147 9.07 6.76 825
Irrigation Valve Solenoid Energy Saver 0.016 0.001 0.000 0.000 0.003 0.003 0.309
Long Wavelength Catalytic Infrared Drying System 0.003 0.003 - 0.000 - 0.000 0.046
Plant Phenotype Characterization System - - - - - - -
Plastics or Fibers from Bio-Based Polymers 0.069 0.018 0.001 0.000 0.040 0.011 1.51
Textile Finishing Process 0.182 0.023 0.000 0.001 0.017 0.025 3.18
Commercial Technologies Total 1,170 90.1 8.30 5.29 634 184 25,300
IAC Total 1,490 196 7.21 5.43 475 229 29,600
BestPractices Total 676 203 3.30 2.50 220 104 13,500
Historical Technologies Total 2,310 N/A 8.96 16.8 464 371 44,600
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Appendix 1:

ITP-Sponsored Technologies Commercially Available

N 11 T3 0 3 13
Aluminum Reclaimer for FOUNAIy APPIICALIONS ........ccuieiiriieiieiieieeteteeteeste et ste e steeaesteesbeeseesseessesseesseseessesseessesasessesssessesssessensaens 14
ATUMINUM SCIAP DIECOALET.......eeuiiiieiietiett ettt ettt e ett et e et e st ette s e estesseessesseessesseesseessensesssenseessenseansesseansesssensesssensenssensensnans 15
ATUMINUIN SCLAP SOTTINE ..evventieiiietieieeteeteete st ete st et e steetesteestesstesseeseesseeseeseestesseassesseassesseanseaseenseassanseessenssensenseensesaeensesssensesseensensnans 16
ISOTNEIINAT IMIEIEITIE ...ttt ettt ettt e et et e st e e e e st et e e et en st ee e e st eme e st essees e eneeeseeneeeseemseeseenseeneenseensenseensenseansenseenes 17
Oxygen-Enhanced Combustion for Recycled ATUMINUIN .....cc.oiiiiiiii ettt eee e 18
Recycling of Aluminum DroSS/SAltCAKE WASTE .......c.eiueiiieieiieiet ettt ettt ettt ettt e et et e e e e e et et eneaseeneeneeteeaeeee 19

0 4 =T 3 T o | L 21
Aqueous Cleaner and CleanRinse™ RECYCING SYSIEIM ......ocuiiiiiiiiiiiieiieierit ettt et e st eesaeeaesseeseeseeseennens 22
Cavity-Enhanced Gas Analyzer for Process CONTIOL. ... ...couiiiiiiiiiiieie ettt st ee e ae et te e et e e eseanseeseenes 23
DY WEASIY .ttt ettt ettt a e es e st e st e st et e ekt e st ettt ees e s e ket et e nsea s eateneeR e eR e eRe ekt e R e Rt eh e s e se et ensen s et ensententeneeneeneeneeneas 24
Hollow-Fiber Membrane Compressed Al DIYING SYSTEIM ....c.viuiiiiiiiiiiitiitereetee ettt ettt ettt sttt e et e e et eseeseeneebeeaeeee 25
Improved Methods for Producing Polyurethane FOAm ..........c.cciooiiiiiiiiiiiiiiciceeee ettt eee e 26
Low-Cost, Robust Ceramic Membranes for Gas SEPATAtiON. ...........ccveruerieriiriieriieierteetesteetesseeteeseessesseessessaesseesaessesssesseessesseessenseenes 27
Micell Dry-Cleaning TECHNOIOZY ........ccveruiiieiiiieieee ettt ettt et ettt ettt esteesae s st esseeseenseeseenseessenseeneesseeneesseensesseensesseensensnans 28
Mixed Solvent EISCIIOLYTE IMOAEL .......oouiiiiiieie ettt ettt ettt e et e e e st e et e e st en s e es e et e es e e et eneesaeeneesaeeneesneensesneensennnans 29
INO-VOC COALINGZ PrOAUECES ...ttt ettt ettt ettt et e e es et e e a e e eae e et ea e e eeee e e et es e e st em e e bt emse st emseeseenteeseenaeeneenseeneas 30
Pressure Swing Adsorption for PrOAUCT RECOVETY .....cuiiiiiiiieiietietiit ettt ettt ettt sttt ettt e st eneeeeeee e e 31
Process Heater Ultra-Low EXCESS AIT CONIOL .....c.iiiiiiiieiiiieiiet ettt eb ettt sb ettt e e ettt ese st bt ebe b e 32
Supercritical Purification of Compounds for Combinatorial Chemical ANalysis.........ccccecverierieiieiieniieienieie et 33
Total Cost ASSESSINENE TOOL ......iiuiiiiiiiitiitie ittt et e a e bbbt bbbt s et ettt et et et e st et e ebeebe et e nbe e 34
TruePeak ProcCesS LaSer ANALYZET .....cc.eeiuiiiieiieiieieee ettt ettt e et e e et e bt eae e te e s e e es e eaeeeneenseeseenseesee st emeenseeneeseensenseensenseenes 35

FOrest ProdUucCts ....... .o nn e nnnnnnnn 37
Advanced Quality Control (AQC) Solution for Thermo-Mechanical PUIPING...........ccoevviiiiiiiiieniieiiieeieeeeee e 38
Continuous Digester CoONtrol TECANOIOZY .......ccviiiieiiiiieieeii ettt ettt et este e b e e st essesseessessaeseesaesseesseseensenseensenseenes 39
Detection and Control of Deposition on Pendant Tubes in Kraft Chemical Recovery BOilers .........ccoceeeveneniinicnicniiiciicnincncnie 40
METHANE de-NOX® REDUIT PIOCESS. .. .eviteieieieieietieitetietietteteete st etestessetestessessessessassaseeseeseaseesessessesessessassessessessessassensaseasessessens 41
MultiWaveT™ Automated Sorting System for Efficient RECYCHNG ......ccuviiiiiiiiiiiei e 42
Pressurized Ozone/Ultrafiltration MemDBIaNe SYSTEIM ........couiiiieiiiiiieiiitieie ettt ettt ettt ettt et et see s et et et e e eseeneeseeseeaeeee 43
Screenable Pressure-SensitiVe AQNESIVES ... ..c..ciuiiiitiriiieteeet ettt ettt ettt ettt ea st eb e bt e bt et e e bt s bt st e b et e e et en s e e e st eneeseeaeebeanes 44
Thermodyne™ Evaporator — A Molded Pulp Products DIYET.......cc.coieiiiieiiiiieieieseeteee ettt sttt ssa e sseenseeseenns 45
XTREME Cleaner™ — Removal of Light and Sticky COntaminants ...............ccevierierierienieriisieie et eee st ee e saesseessesseenseesnens 46

€ T 47
Advanced Temperature MEaSUTEIMENT SYSTEITL ......c..iueieieeieuietietiete et ettt e ete st ete st et et et et eseeseeseeseebeesesaesseasese st ansensenseneeneeneeneeseaseaneaneas 48
High Luminosity, LOW-NO BUITIET ..ottt e 49
Process for Converting Waste Glass Fiber into Value-Added Products..........c.ccveviiieiiiieiiiieicee e 50

T =Y = 1 IO T3 1] 4V s e PSPPI 51
Ceramic Composite Die fOr IMEtal CaSIME......cc.uiueeiiiiieierte ettt ettt ettt e bttt et et e ea e seesueeneeeaeeeeeaeenseameenseentenseansesheeneenseeneeeseenes 52
CFD Modeling for Lost FOAm WHite SIAC .........iouiiiiiieeieee ettt ettt eae bbb e et e b e e e e e s e e et es b eneeneeseeaeeee 53
Die Casting Copper Motor ROtors ....................H e L ) LSS 54
Improved Magnesium Molding Process (ThiXOmMOIAING).......c.ccciiruiiiiriiiiiiiieieiieiecie ettt ettt eae e ae e e sseesaesseensenteesesseensenseenns 55
Improvement of the Lost FOAM CaStING PTOCESS .....eviivieiiitiiiieiieie ettt ettt e st et e eseeeeeaeensessaenaeeneenseenaenssensenseansenseenes 56
Low Permeability Components for Aluminum Melting and Casting ......c..c..cceruerieriiiiiiiiieiinienceeee ettt et eae ettt eeean 57
Rapid-Heat Treatment of Cast Aluminum Parts............l..iii .o e sttt et e st e st e e oot e bt e e stsas b e hdue danesbtan e eveans 58
Simple Visualization Tools for Part and Di€ DESIZI .......c.iiiiieuieiiiieieieit ettt ettt et ea e e e ob e besa s ess ke sk e aE et e et e st eneeneeneeneees 59
Titanium Matrix Composite Tooling Material for Aluminum Die CaStINGS ........ccvevvieriirrieriirierieeeesieeeesreeeesaeeeesreeeesaeesesseeseeseenns 60

) 111 Vo RNMMS————— S SSCCCL S E . . 61
Fibrous Monoliths as Wear-Resistant COMPOINEIIES ........ccctetiirireriirtintertentestentitet et eteueettetesteeteesesuestesesaesaensessententeneenteneesessesuensens 62
Horizon Sensor ™ .... 1. e e . ... et i te st e stenase e e n s o T hvmagssee e e ensensenvessenns 63
Imaging Ahead of Minimg e e ee it eteteattaeeetesteatestesee oAt et st st et et e et et e st ant e s e P e s eeveae 64
Lower-pH Copper F1otation REAENT SYSEEIM ......ccuieiiiiieiiitieiiiieie ettt ettt te et eteesaesseessessaesseeseesseesaesseessessaassesseessenseessenseenns 65
Wireless Telemetry for Mine Monitoring and Emergency COMMUNICATIONS .......cc.evvieieriierieriieieeiiesieeiesaeeaesseeaessesssesseessesseesenseenns 66
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ITP-Sponsored Technologies Commercially Available

IMPACTS
S = - 67
Aluminum Bronze Alloys to Improve Furnace Component Life..........c.occveiieiiiiiiiiiieiiiieieceeieeeee et se e 68
Automatic High-Temperature Steel Inspection and AdVICe SYSTEM .......eeieriieiiriiieiieie sttt saeeae e esessaeseesnens 69
Dilute OXygen COmMBUSHION SYSTEIM .....c..ciuiiieriiiierteetesteeteetiete et eteeteeteeseesseesaesseessesseessesseessesssensesssenseassanseensesssansesssensesssensesssensesseens 70
Electrochemical DezinCing Of StEEL SCIAP.......cciiiuieiiiieieeti ettt ettt et et e e e e e st eee e st ensesseeseeneenseenseseensenseensenseenes 71
H-Series Cast AUStENitic StAINIESS SEEELS ......eruiiieiiiiieiieiee ettt ettt e et e e st e este e st e teeseenteesee st eneeeseeneesneensesneensesneensennnans 72
Laser Contouring System for Refractory Lining MEaSUICIMIENLS ........cc.eiieriirieriieieiieeeeteeie et eee et eseesteeeesseeseeeseesseeneesseensesseensenseenes 73
Life Improvement of Pot Hardware in Continuous Hot Dipping ProCeSSES.........ceouiiiiriirieiirieie ettt 74
Microstructure Engineering for HOt Strip IMILIS......coooiiiiiiiie ettt ettt ettt s eeeenens 75
Shorter Spherodizing Annealing Time for Tube/Pipe Manufacturing.........cccoevuiiiiriiiinieiercee e 76
Transfer ROIS fOr StEEl PrOAUCTION ........co.iiuiiiiieieee et et e et h e ee et e e bt et e et et e et e e et e e et eneeseeneeneeseeaeaee 77
Vanadium Carbide COatiNg PIOCESS. ......ciuiiiiiiiiiiitiiiesteeie ettt ettt et e et et e etesteeseesteessesseesseessessesssesseessesseessesseessesasessesasessesssessesssens 78
L0 o =T =T o1 3 ' 79
Adjustable-Speed Drives for 500 to 4000 Horsepower Industrial AppliCAtioNS.........ceevervieriieiesieeienieeiesieeee st eee s esee st saeseenseeenens 80
AUtotherm® ENergy RECOVETY SYSTEIM ...cuiiiiriiiieiiieieiteeteetiete et eie et et e et e st e te s st eseesseessesseesseaseensesssenseessenseensenseensesaeensesseensesseensensnens 81
Callidus Ultra-BIUe (CUB) BUTITIET .......coiuiiiieiieiieitieieeie ettt sttt ettt et e bt ese e st eseesseenseeseenseeseensessaeseesseseensenseensenseensenseenes 82
CatalyTic COMDBUSTION ......eutiiiiiieiiitiett ettt ettt ettt b e sttt ettt e st ea s e et eateb e eb e e bt sb e eb bt se e st et et e e et esteseene et e ebeebeetenbenee 83
Composite-Reinforced ATuminum CONAUCTOT . ........ouiiuieiiiiee ettt ettt et ettt e et eee e st eeesseenaeese e seeneeaseensenseenseeseenes 84
(03¢0 10 & 070 (S AN Tl O} T U 101313 oSSR ST SRTP 85
Dual-Pressure Euler Turbine for Industrial and Building APPlICAtIONS .........coouiiiiiiiiiiiiieieeiee et 86
Energy-Conserving Tool for Combustion-Dependent INAUSTIIES ........coiiieiiiiiriiiieiieieie et 87
Evaporator Fan Controller for Medium-Temperature Walk-In RefriZerators ...........cccccvivvieiiiieiiieieie et 88
Fiber-Optic Sensor for Industrial Process Measurement and CONtrOl ............c.ocuieiiriieiiiieiecieeieee ettt ea e ee e 89
Fiber Sizing SensSor and COMEIOIIET .........c.iiiiiiieieitieiecieet ettt ettt et et e eseesseessesseesseeseessesseessessaesseessesseesseseessenseessenseenns 90
FOAMEA RECYCIADICS ......ovieiiiiieiie ittt et ettt et e st e e st e b e e se e b e e st e seess e seesseeseesseeseenseeseensessaesseesseseessesaensenseensenseenns 91
Forced Internal ReCITCUIAtION BUIMIET .......cc.iiuiiiiiiiiiiciecec ettt b e sttt ettt et et ettt eb et ebe e 92
Freight Wing™ Aerodynamic FAITINES ........ccveiiiiiiieieiieieeieie ettt ettt te st etesteesaesseesseeseenseessenseessenseenaesseensesaeensesseensesssensensnens 93
ICE BEAr® StOrage IMOGULE .......ooiiiiieie ittt ettt ettt et e st e ae s et e st ee e et e ene e st esseeseenseeseenseeseenseesaeseenseseensenseensenseensenseenes 94
IMPToved DIESEI ENGINES ......c.eeiiiiiiiiiiiiiitiieiete ettt ettt ettt b et h e eb et be sttt ettt et et eaeebeebeebe et e b nee 95
Infrared POLYMEr BOOt HEALET .........oouiiiieiiiieiee ettt ettt et et e e e e st eae e e st e e e e st eneeeseenseeneeseeseeseensenseenseeseenes 96
In-Situ, Real Time Measurement of Elemental CONSTITUENLS .......ccuuviiiiiiiiiiiiee ettt e eeeeee e e e e et ee e e e e eenaaeeeeeeenaaeeeeeesnnaeeeeeesannes 97
Materials and Process Design for High-Temperature CarbUIIZING .........cooveiiiiiiiiiiiieeree et 98
Mobile Zone Optimized Control System for Ultra-Efficient Surface-Coating.........c.ccooeiieiiiiiiinieiiieeeesc e 99
Nickel Aluminide Trays and Fixtures for Carburizing Heat Treating FUINACES.........c.ecvervieiiiiieiiieeeecie et 100
PowerRim™ High Wattage Energy Saving Compact Fluorescent Lamp (CFL) Adaptor for Recessed Down Lights ............c..c....... 101
Predicting Corrosion of Advanced Materials and Fabricated COMPONENLS ..........ccueeieriieieriieieieeie sttt sre e sreeeesreeeeseeennas 102
PrOCESS PATTICIE COUNET ......vtiiiiietiiieeteet ettt eh et h e bt b ettt et et e st e st e st eheeb e eb e e bt eh e e bt sb e et et e s b et en b e st et eseeneeneeneeneenes 103
Radiation-StabiliZEd BUIMIET .......c.coiiiiiiiiiiiiiteeet ettt ettt et et e atea e bt e bt eb e bt bt et b e s bt et e st et st estebeeaeeneanes 104
RR-1 INSUIAtING SCIEW CAP ..utietieiieiieiieiieettete ettt este st et e et e be e st et e esee s e ess et e esee et e anseeseensesseensesseenseessenseessenseensenseessenseensenseensesaeenses 105
Simple Control for Single-Phase AC INAUCION IMOTOTS........covieieiieieiieiesit e eete et e et esteete e eeee st eessesseeneesseesesseesesneensesnsensesnnens 106
Solid-State Sensors for Monitoring HYATOZEI........cc.eririiiiiiieiiiiceiees ettt sttt ettt eaeeaeeae e 107
SpyroCor™ Radiant TuDE HeEater TNSETTS ... ...c.eeriiiieieitieieetieteet ettt ettt e et ete st e ste e s e st ese et e eneeeseeneeeseenseeneensesneenseeneenneeneens 108
SuperDrive — A Hydrostatic Continuously Variable Transmission (CVT) ......coieiiiiiiiiieiiceeee e e 109
Three-Phase Rotary Separator TUIDINE. ........cc.oiiiiiiiii ettt ettt it ettt e s bt et e s et et e sae e besseebeeseeteeneeteans
Ultra-Low NO, Premixed Industrial BUITICT ........c..c.oiiiiiiiiiiii s
Uniform Droplet Process for Production of Alloy Spheres
Uniformly Drying Materials USing MICTOWAVE ENEIEY .....ccuveviiiiiiiiiieiieiietieeieie ettt ste et ste e s eteessesteessesseesseeseesseessesseessesseessessens
Waste Fluid Heat Recovery System .........ccccveveviieieniecieneeienenn
Waste-Minimizing Plating BATTEL..........cc.iiiiiiiiiiiieieiieieet ettt sttt ettt et e e ta et e ess e beessesseessesseessesseessesssensesssensesssensensseseans
Wear Resistant Composite Structure of Vitreous Carbon Containing Convoluted FIDers .........ccoocveviviiriiiiiniiieecieieeeeeeens 116
Other INAUSEIES.....cci i aana 117
Absorption Heat Pump/RefTigeration Ut .........cccecieiiiiiiiiiniincnentet ettt ettt sttt ettt et et eb bttt be bt et b naennes 118
Advanced Membrane Devices for Natural Gas CLEANTIE. .....ccveiuieiieiieiieieit ettt ettt ettt et ete e seeeneeseeeneesneennesneas 119
Deep-Discharge Zinc-Bromine Battery MOAUIE .........cc.oiiiiiiiiiiee ettt ae e 120
Energy-Efficient FOOd BIANCRING .........ooiuiiiii ettt ettt sttt e bt e b et e e b et e e s e e bt eneenteeneesaeeneas 121
Ink Jet Printer SOIVENT RECOVETY.....cuiiiiiiiiiieiiee ettt ettt et at e s bt et e s bt et e e bt es b e eb e et e es e e bt eneenbeeneesaeeneas 122
Irrigation Valve SOIEN0Id ENETZY SAVET......c.cciiiiiiiiiiietieti ettt ettt ettt s e te e s e eteebeeseesseessesseessesssessesssessesssesseessesseessesseensesaeensas 123
Long Wavelength Catalytic Infrared DIying SYSTEIM .. .......ccieriiiiiiiiiieiieieee ettt ettt ettt et e steeae e e b e sseesseetseseessesseessesseessesseensas 124
Plant Phenotype CharacteriZation SYSTEIM........cc.iviiriieieriieierieetesteete st etesteeseeteeseeseeseeseesseeseesseessesseessesssessesssessesssesseessesseessesseenss 125
Plastics or Fibers from Bio-Based POLYIMEIS ........c.ccviiiiiiiiieiiiiecieetece ettt ettt ettt st ae e b e s saesseesaesseesseseessenseensesaeenses 126
TEXt1E FINISIING PTOCESS ...uvivieiiiiieiiciiesteeesee ettt ettt ettt s bt et e e st e st e estesseesaesseeneesseensesseenseeseenseessenseessenseenseseensenseenses 127
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Aluminum Reclaimer for Foundry Applications

IMPACTS

Affordable Metallic Recovery System Saves
Energy and Reduces Landfill Waste Streams

Aluminum foundries and melters typically generate rich metallic skimmings
and drosses during industrial processes. While equipment is commercially
available to recover a portion of the contained metallics from skimmings
and drosses, the capital investment for the previous equipment has precluded
its application with smaller melting units such as crucible or reverb melters.
With assistance from DOE’s Industrial Technologies Program, Q.C. Designs,
Inc., developed an improved reclaiming process specifically to recover the
metallics from small quantities of dross and skim. Recent advances in the
technology permit an increase in the quantity of drosses being processed and
allow the recovered metal to be returned to the generating furnace in molten
form, in some cases. The process has recovered as much as 80% of the
contained metal at the point of generation.

In operation, the process may be run either manually, with power-assisted
stirring, or with a fully automatic programmed cycle. All operations are
environmentally friendly reducing the amount of smoke and fumes normally
associated with dross processing and furnace cleaning. Foundries reduce their
melting losses by the in-plant recovery of drosses and their contained metals,
which can then be reused directly without realloying.

Skimmings

Recovered
Metal
Returned — Low-Metallic-Content
to Process Dross Sent to Remote
Furnace Processor

Dross Bins

I

Portable Aluminum Reclaimer

14

Overview

¢ Available from Q.C. Designs, Inc.
(www.qcdesignsinc.com)

¢ Commercialized in 2001

¢ Eleven units installed in the United States

Applications

In-plant aluminum foundry dross and
skimming recovery

Capabilities

@ Processes hot dross in quantities from 10
to 500 Ib.

¢ Allows automatic processing or manual
operation.

¢ Features sizes for applications in
different foundry installations.

Benefits
Energy Savings

The recovered metal from this system may
be reintroduced into the process as hot
ingot or in molten form, saving the energy
required to remelt an ingot recovered in a
traditional process. Less energy is required
to transport and move the dross to an
outside processor because recovery is done
on-site, and the material does not have to
be remelted for secondary recovery of the
metallics.

Productivity

The improved ability to decrease melting
losses contributes directly to profits.
Typical compensation for dross materials
from outside processors is 10% to 20% of
true value because the generating foundry
has to bear the costs of transportation,
remelt and processing, landfill of the waste,
and return of the recovered material. In-
plant processing eliminatesa large portion of
these costs.

Waste Reduction

The technology minimizes the volume of
material requiring landfilling and recovers
a higher percentage (up to 80%) of metallics
than current methods.
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Indirect-Fired Kiln Turns Aluminum
Scrap into Valuable Feedstock

Through a grant from DOE’s NICE? Program, Energy Research Company

has further developed and demonstrated an innovative aluminum-scrap

melting process. This process uses an indirect-fired controlled-atmosphere

Aluminum Scrap Decoater

Overview

Developed by Energy Research Company
(Www.er-co.com)

Commercialized in 1997

kiln to remove machining lubricants, oils, and other materials from the scrap

aluminum. Once removed, these materials are combusted in an afterburner,
destroying all volatile organic compounds (VOCs) and releasing heat used to

drive the process.

This innovation de-coats scrap aluminum parts in a controlled atmosphere
with limited oxygen to avoid scrap-oil combustion and scrap oxidation. The
resulting gases are then combusted in an incinerator, apart from the scrap,

to destroy the volatile organic compounds. The heat released from this

atmospheric combustion drives the de-coating process. There are currently 3

units operating in the United States and an additional 15 worldwide.

Benefits
Energy Savings

Energy savings of 55% over conventional kiln decoating.

Environmental
Reduces solid-waste disposal needs because of reduced
dross and oxidized product.

Productivity

Improved product quality and
reduced material loss due

to better process control.

Air Lock

After Burner  System

Combustion |Shred

Entry
 — Vari-Speed
— Gas I ¢ Fan
[ — . Q
Gas Seal
v

3 units operating in the United States in

2006
U.S. Energy Savings
(Trillion Btu)
Cumulative through 2006 2006
1.93 0.378

U.S. Emissions Reductions
(Thousand Tons, 2006)

Particulates SO, NO_ | Carbon
0.0 0.0 0.044 6.00
Applications

The secondary aluminum industry that
processes scrap from the manufacturing
process and used aluminum

May also be used when processing
other materials with organic binders or
coatings, such as fiberglass recycling

Capabilities
Efficiently recycles oil-laden aluminum
scrap, thus reducing solid waste and

emissions.
Rotary
Drum
Locating
Spiders
| | \ Access
e <—Door

Product Flow

I

|

L

Integral Return
Gas Duct
(Ni/CR coaxial
tubes rotate with
rotary drum)

Clean Shred

Aluminum Scrap Decoater
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Aluminum Scrap Sorting

Effective Scrap Sorting
Provides Large Energy Benefits

Huron Valley Steel (HVS) Corporation has developed scrap sorting
technologies, and with support from ITP, they demonstrated that aluminum
scrap from aluminum-intensive vehicles can be recycled. The HVS
technology assesses the composition and material recovery from the sorting
steps required to produce alloy-sorted aluminum from mixed-alloy scrap.

A proprietary HVS technology is used for wrought-cast separation. After
the wrought fraction is tint-etched, color sorting groups the wrought iron
alloys. Laser induced breakdown spectroscopy is used for real-time, remote
chemical analysis of each scrap particle and allows the sorting line to
separate individual alloys.

This particle-sorting technology focuses on demonstrating the capability

to sort nonferrous metal scrap from the reusable materials from aluminum-
intensive vehicles. The process includes physical property sorting and
chemical composition sorting and is capable of real-time, piece-by-piece
batching of specific alloy compositions from the analyzed scrap. This
process will help improve the melt composition of recycled materials and is
more efficient and less energy intensive than existing chlorination, fractional
solidification, and electro-refining processes.

Benefits

Environmental

Using aluminum that otherwise would have been scrapped decreases
the production of primary metal and thereby reduces greenhouse gas
emissions.

Use of Raw Materials/Feedstocks
The process can eliminate a portion of raw aluminum production and any
other alloys that the process is applied to.

IMPACTS

Overview

Developed by Huron Valley Steel
Corporation
(www.hvsc.com)

7500 tons of sorted product processed in
2006

U.S. Energy Savings

(Trillion Btu)
Cumulative through 2006 2006
1.37 0.338

U.S. Emissions Reductions
(Thousand Tons, 2006)

Particulates SO NO Carbon

X X

0.002 0.073 | 0.054 6.63

Spectrometer

Laser

Camera
v
Sheet Al ? XV
Concentrate from A (nm)

Car Shredder
Al Alloy

Alloy

Aluminum Scrap Sorting System
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Applications

Sorting of mixed aluminum scrap
streams

Sorting of vehicle and other equipment
scrap streams

Capabilities

Improves sorting of mixed aluminum
scrap streams.

Allows aluminum from scrapped motor
vehicles to be separated and used as high
value aluminum alloys.

Separates cast aluminum from wrought,

groups aluminum into alloy families, and
differentiates between wrought alloys.

DOE Industrial Technologies Program
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IMPACTS

New Energy Efficient Melting Process Saves
Energy and Reduces Production Losses

Aluminum melting is an energy intensive process that exhibits a 2% to 3% loss
rate due to the generally open heating method for melting. A new emersion
heating process, isothermal melting (ITM), has been developed by Apogee
Technology, Inc., with support from ITP. The system uses immersion heaters
in multiple bays. Each bay contributes to an efficiency improvement. The
pumping bay provides good circulation in the isothermal systems. This
circulation promotes better mixing for purifying and alloying, and more
uniform temperature profiles throughout the molten pool. The heating bay

is the major source of efficiency gain, where electricity is converted into heat
through the immersion heaters and conducted directly to the molten metal. The
heating bay raises the molten metal temperature (typically less than 90°F) just
high enough to melt the solid metal being charged into the pool. The charging
bay and treatment bay provide more compact areas to control and introduce
solid charge or alloying and purifying elements compared to opening a heath
door and exposing the entire surface of the pool and refractory to the plant
environment.

The challenge to developing the ITM system was the creation of immersion
heaters that could provide the high heat flux and the chemical, thermal and
mechanical robustness required in an industrial molten aluminum environment.
Apogee Technologies’ research program developed new materials, fabrication
techniques and quality control systems to build immersion heaters with high
heat flux (approximately 70,000 Btu/hr-ft?), approximately 5 to 10 times more
than commercially available heaters. These new heater designs are based on
highly thermally conductive, impact resistant ceramic coating on a metallic
sheath and a highly conductive dielectric integral coupling medium between
the sheath and the heat producing element. This allows heat transfer by
conduction to be the dominant mode, rather than particle to particle radiation
heat transfer that prevails in conventional processes. The composite refractory
coating is resistant to corrosive attack by the molten aluminum, yet sufficiently
thin enough to provide a high heat flux.

Metal to
Process

Molten Aluminum Pool

Pumping Immersion Solid Treatment
Bay Conduction Aluminum Bay
Heating Input Bay
Element
Bay

The Isothermal Melting System

DOE Industrial Technologies Program

Isothermal Melting

Overview

Developed by Apogee Technology, Inc.
(www.apogeetechinc.com)

Currently operating in one plant in Ohio

U.S. Energy Savings

(Trillion Btu)
Cumulative through 2006 2006
0.010 0.004

U.S. Emissions Reductions
(Thousand Tons, 2006)

Particulates SO NO Carbon

0.0 0.00x1 0.00)1( 0.082
Applications

Current application is to aluminum
melting processes but can be applied
to other metal melting processes

Capabilities

Can be retrofit to existing furnaces.

Applies to multiple types of molten metal
heating operations.

Benefits

Cost Savings:
Reduces metal lost to oxidation to less than
1%.

Environmental Emissions Reductions:
Produces zero in-plant emissions compared
to natural gas process heating.
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Oxygen-Enhanced Combustion for Recycled Aluminum

New Metal Melting System Results in Low NO_ Emissions,
Reduced Energy Use, and Increased Prod‘uctivity

With ITP support, Air Products & Chemicals, Inc., in cooperation with
Argonne National Laboratory, Wabash Alloys, L.L.C., and Brigham Young
University, developed and demonstrated a low-NO, combustion burner
integrated with an onsite vacuum-swing-absorption (VSA) oxygen-generation
system. This new burner, operated at the Wabash Alloy recycled aluminum
furnace, used controlled mixing of fuel, air, and high-purity oxygen streams to
lower emissions and improve flame quality.

The VSA system uses a patented high-efficiency molecular sieve to remove
nitrogen from the air. Conventional VSA plants are sized for peak demand,
and the excess oxygen is vented to the air during off-peak operation. In this
application, the oxygen VSA is improved to operate with a sieve-filled storage
vessel that stores oxygen produced when demand is below the average oxygen
requirement. The sieve-filled vessel provides 2.5 times the oxygen storage
capacity of an empty tank of equal volume. The integration of the new burner
with the VSA system greatly reduces NO, emissions while reducing energy
usage and increasing melting productivity.

Benefits

Cost Savings
Using oxygen from storage reduces the overall oxygen consumption and costs
by 33% compared to the previously installed burner.

Environmental Quality
Reduces NO, emissions by 80%. Carbon monoxide is also significantly
reduced. Both contaminants are well
within stringent compliance levels.

Productivity

Increases production rate by 26%.

Air

0, VSA

Sieve-Assisted
Storage Vessel

Natural Gas

LOX Backup
High Purity
Stream
@ Burner Flow Controls
Product . .
Compressor Combustion Air
Oxygen-Enhanced Combustion
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IMPACTS

Overview

Developed by Air Products &
Chemicals, Inc.
(www.airproducts.com)

Demonstrated at Wabash Alloys
in East Syracuse, NY

Commercialized in 1999

U.S. Energy Savings

(Trillion Btu)
Cumulative through 2006 2006
0.025 0.0

U.S. Emissions Reductions
(Thousand Tons, 2006)

Particulates SO NO Carbon

0.0 0.0 0.0 0.0

Applications

Can be retrofit to reverberatory furnaces
commonly used to melt recycled
aluminum

Other metal melters for zinc, lead,
copper, and nonferrous and ferrous
metals

Metal tolling and dross recovery
operations

Capabilities

Very low NO, levels maintained while
reducing energy use and increasing
melting productivity.

No increase in melting cost or need for
large capital expenditures.

DOE Industrial Technologies Program
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Recycling of Aluminum Dross/Saltcake Waste

IMPACTS

New Technology for Recovering Aluminum Dross/Saltcake Overview
Waste Saves Energy and Reduces Waste Developed by Alumitech, Inc. (Now

Aleris International, Inc.)

The melting process used by the secondary aluminum industry when i
(www.aleris.com)

recycling aluminum creates a waste stream known as black dross/saltcake
(dross). It is estimated that up to 1 million tons of dross is generated and
landfilled annually in the United States. In the past, efforts to recover useful
material from the dross have resulted in recovery of only a small portion of
aluminum (about 3% to 10% of processed dross). The remaining 90% + of
the dross, at best some 900,000 tons, is landfilled. Significant embodied
energy could be saved from recovering three different components of the

Commercialized in 1997

3 units operating in 2006

U.S. Energy Savings

dross: aluminum, spent salt flux, and nonmetallic products (NMP). (Trillion Btu)
Cumulative through 2006 2006
With assistance from the NICE? Program, Alumitech, Inc., now Aleris 135 1.98

International, Inc., undertook a successful 15-month plant construction and
start-up project to commercialize a process to facilitate closed-loop recycling
of dross through the manufacture of industrial ceramic products from

recovered nonmetallic waste. U.S. Emissions Reductions

Starting with the dross material, Aleris International separates the dross (Thousand Tons, 2006)

into its basic components—aluminum metal, fluxing salts, and NMP. The Particulates SO, NO_ [ Carbon
aluminum metal and salt fluxes can be sold back to the secondary aluminum 0.005 0.235 | 0.280 35.5
or other industries. In 2006, aluminum metal was recovered with an

embodied energy savings of about 11 million Btu per ton of dross processed

with this new system. A project goal was to commercialize a new process

and to make NMP usable for a variety of product applications. App"cations
. Secondary aluminum process waste

Benefits streams
PrOdthIVIty . ) Steel-making slag products and ceramic
Alumitech process not only separates the aluminum and commercial fiber feedstock developed from waste
oxides for reuse but also can recycle the remaining NMP into material
commercially salable products completely avoiding landfilling.
Use of Raw Materials/Feedstocks o
Recovers materials for use as feedstocks in other process operations, Capabllltles
thus conserving raw materials. Provides complete closed-loop recycling of

secondary aluminum black dross/saltcake

Waste Reduction waste streams.

Products from NMP being developed will reduce landfill to zero for
secondary aluminum operations.
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IMPACTS
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Aqueous Cleaner and CleanRinse™ Recycling System

Recycling System Improves
Aqueous Cleaning System

Most traditional systems for pollution control focus on the end-of-pipe

IMPACTS

Overview

Developed by EcoShield Environmental
Systems under an exclusive license from

EcoShield Environmental Technologies
Corporation
(www.ecoshieldenv.com)

treatment and disposal of waste. The U.S. Environmental Protection
Agency (EPA) has mandated a new emphasis on improved resource usage
that focuses on source reduction. Many methods, including filtration,
reverse osmosis, de-ionization, and distillation, could help meet this goal
but often have high energy needs or produce additional waste streams.

Commercialized in 1997

With assistance from DOE’s Inventions and Innovation Program,
EcoShield Environmental Systems developed a simple mini-reactor .
system that chemically converts organic oily contaminants into (Trillion Btu)

surfactants and emulsifiers. This conversion increases the cleaning Cumulative through 2006 2006
solution’s ability to remove oil, grease, and dirt. The system regenerates 0.149 0.015
the cleaning solution on site, creating less waste water and often
decreasing the cleaning time required. The system has low energy needs
and can be coupled with an energy-efficient bioreactor that will convert
excess soap into biomass. The current applications of the technology
have resulted in tremendous waste prevention and large cost savings.

U.S. Energy Savings

U.S. Emissions Reductions
(Thousand Tons, 2006)

Benefits Particulates SO, NO Carbon

X

0.0 0.0 0.002 0.238

Productivity

The system extends the life of the cleaning solution and rinse water, which
reduces the costs associated with waste water disposal and chemical
consumption. The system also has low operational costs (less than 5 cents
per hour).

Applications

Neutral to basic pH applications where
aqueous waste streams containing organic
contaminants are to be cleaned

Waste Reduction
The technology reduces the chemicals typically consumed in the traditional
cleaning process and extends the life of the cleaning solution. The system
can be integrated with EPA’s permanent pollution prevention plans.
Capabilities
Converts excess soap to biomass using
an optional companion bioreactor.
::\I D Compressor
Offers custom sizes and configurations
— for wash racks, cabinet washers, and
automated lines.

Air

Packed
Reactor Ozone : o
Column Generator Is applicable for high-temperature

installations.

Cleaning
Solution
Tank

—

EcoShield Aqueous Cleaner
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Cavity-Enhanced Gas Analyzer for Process Control

IMPACTS

Ultrasensitive Analyzer Provides Real-Time Quantification
of Acetylene and Reduces Operating Costs

Ethylene is the largest volume, largest revenue-generating organic chemical
produced. Ethylene finds widespread use, serving as the building block

for 50% of all organic chemicals and polymers. However, manufacturers
who produce polymer-grade ethylene must constantly monitor, and if
necessary, hydrogenate any acetylene that may be present in ethylene flows.
Such measures are imperative because too high an increase in acetylene
concentration has the potential to contaminate both the catalytic bed and the
stored finished product, and if left unchecked, acetylene contamination can
cost a chemical manufacturer more than $200,000 in losses per event. As a
result, the ability to quickly and accurately monitor trace levels of acetylene
levels is a critical need for ethylene manufacturers.

Los Gatos Research, in partnership with Dow Chemical and Analytical
Instruments, Inc. has developed an industrial gas process control monitor

that can replace gas chromatography. Through support funding provided

by DOE’s SBIR program, the new gas analyzer uses a patented technology
utilizing a variation of absorption spectroscopy. The new technology increases
the path-length up to several kilometers of effective path using two highly
reflective mirrors in the sample cavity, and a diode laser that is not sensitive

to alignment. The compact, robust technology, Off-Axis ICOS (Integrated
Cavity Output Spectroscopy), retains the sensitivity of older detection methods,
while providing an absolute, accurate measurement of acetylene contamination
that is fifty times faster and one-third less expensive than traditional gas
chromatography.

The Off-Axis ICOS technology can be completely integrated into gas handling
and computing subsystems. The analyzer is field serviceable to permit
long-term deployment in the gas processing environment. Additionally, the
highly reflective mirrors can be periodically replaced without any need for
realignment or adjustment, which further increases the instrument’s lifetime.

Outlet
Inl t
Fiber-Coupled nlet (to pump)
Diode Laser
% Lens
-/ Gas Sample Detector

L}

Mirrors

Data Collection
and
Analysis System

Laser Control
Electronics

Cavity-Enhanced Gas Analyzer System
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Overview

Developed by Los Gatos Research in
partnership with Dow Chemical Co., and
Analytical Specialties, Inc.

(www.lgrinc.com)

Commercialized in 2006 with two units
in operation

Applications

The industrial process control analyzer
measures trace acetylene concentrations in
ethylene gas flows providing a real-time
measurement of potential contamination.

Capabilities

Fifty times faster than conventional gas
chromatography.

Reduces the capital cost for analytical
support technologies.

Allows for the optimization of the
hydrogenation reactor and minimizes
product contamination.

Benefits

Applicability

Integrates into complete gas handling,
sampling, and computing systems with a
compact, robust design.

Product Quality

Minimizes off-specification ethylene
product quality through improved process
control.

Profitability

Improves raw material conversion

to finished product, and minimizes
reprocessing and potential system
contamination due to excess acetylene in
the gas.
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DryWash®

A New Generation of Chemicals
for Cleaning Applications

With ITP support, Raytheon Technologies, Inc. (formerly Hughes
Environmental) and Los Alamos National Laboratory used defense-related
expertise in supercritical fluids to develop DryWash, an entirely new COQ-
based system for dry cleaning fabrics. Current dry-cleaning practice uses
perchlorethylene as the cleaning solvent to loosen and remove dirt from the
fibers of clothing material. However, the dry-cleaning industry must eliminate
its use of perchlorethylene because both the atmospheric emissions and the
chemical itself have significant environmental impacts. Based on the desirable
characteristics of CO2 — it is inert, stable, non-corrosive, and non-flammable

— the DryWash system introduces a new generation of technology to the dry
cleaning industry.

DryWash uses liquid CO -based fluid (not generic CO ) as the base solvent,
but adds a new surfactant (dirt removing detergent addzltlve) and then applies
this new combination of cleaning liquids with a unique spraying device and
agitation mechanism — all in a self-contained system. The DryWash process
soaks the clothes in a liquid CO filled tub at a pressure of 700 to 750 pounds
per square inch and 54°F to 58°F. The load is agitated and at the end of the
cycle, the dirt and oily residue drop out and CO2 pressure is lowered, allowing
for the efficient recycling of COZ.

Global Technologies LLC began introducing the DryWash system in Europe
in the fall of 1998 and started marketing in the United States in mid-1999.
Commercial systems are now being sold by Alliance Laundry Systems LLC
and SailStar USA.

Pump /\
Heating
Unit Cleaning Vessel
DryWash®
Fluid
Circulating
DryWash®
Fluid
Filter
Cartridge
Cooling
Unit Separator

Drywash Process

24

IMPACTS

Overview

Developed by Raytheon Technologies,
Inc. and commercialized by Global
Technologies, LLC
(www.sailstarusa.com)

Commercialized in Europe in 1998 and
the United States in 2000 with over 75
machines in operation in the United
States

U.S. Energy Savings

(Trillion Btu)
Cumulative through 2006 2006
0.053 0.011

U.S. Emissions Reductions
(Thousand Tons, 2006)

Particulates SO, NO_ | Carbon
0.0 0.002 | 0.002 0.210

Applications

Replaces conventional dry-cleaning systems
that use perchlorethylene or petroleum-
based solvents

Capabilities
Uses an environmentally benign solvent

(CO2 based fluid) rather than hazardous
solvents.

Cleans equal to or better than
conventional systems.

Reduces cycle time by eliminating the
energy-intensive drying step in the
process.

Benefits
Profitability

Reduces cycle time by 50% and lowers
operating costs.

Quality Improvement

Decreases dirt redeposition and dye
transfer and has better performance in oily,
particulate soil and stain removal. Reduces
shrinkage and has better color retention.
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Hollow-Fiber Membrane Compressed Air Drying System

IMPACTS

New Membrane Allows Drying of Compressed
Air at Lower Energy and Higher Productivity

With the support of a NICE? grant, a new hollow-fiber membrane for
dehydrating gases has been developed by Air Products and Chemicals, Inc.
The membrane has 5 times higher water vapor permeation coefficient and

25 times higher water vapor/air selectivity compared with first-generation
membrane dryers. The membrane produces higher flow capacity and lower
purge loss in compressed air drying, which enables high productivity and

low energy consumption in drying compressed air. The membrane module
contains a bundle of hollow-fiber membranes in a plastic shell with aluminum
end caps. The feed air flows through the fiber bores; selective permeation of
water vapor produces dry nonpermeate gas, a fraction of which is metered via
a flow restrictor such as an orifice to provide a low-pressure purge gas that
carries away the permeated moisture.

Compressed air is widely used as a utility in many industries and most often
must be dried to avoid condensation or freezing in lines and to meet the
needs of many processes. Whereas refrigerant dryers are used at pressure
dew points of 35°F and desiccant dryers are used at dew points of -40°F,
membranes can be used to cover the range between 35°F and -40°F. The
membrane can achieve the necessary degree of drying while requiring less
purge air and therefore achieves lower energy consumption than a heatless
desiccant dryer. Modular membrane dryer systems with large flow capacity
can be used to produce pressure dew points between 35°F and -40°F
consuming less energy than that of desiccants. Unlike desiccant systems,
membrane operation is continuous, requiring only one control valve versus at
least 5 valves for flow diversion/de-pressurization in the desiccant system.

Benefits

Cost Savings
Provides purge control for additional power and cost savings.

Environmental
Reduces solid waste production.

Operation and Maintenance
Operates without valves or moving parts and is maintenance-free. Requires
no electrical wiring or external power and operates silently.

Outlet Purge

Overview

Developed by Air Products and
Chemicals, Inc.
(www.airproducts.com)

Commercialized in 2004

1900 units operating in the United States
in 2006

U.S. Energy Savings

(Trillion Btu)
Cumulative through 2006 2006
0.002 0.002

U.S. Emissions Reductions
(Thousand Tons, 2006)

Particulates SO NO_ | Carbon

0.0 0.0 0.0 0.036

Applications

Manufacturing industries that use
compressed air

Capabilities
Is compact and lighter in weight than
heatless desiccants, allowing flexibility
in packaging the unit into a compressed
air system.

Rated for operation up to 150°F and 200
psig.

Provides excellent turndown capability,
all the way down to zero feed.

Wet Gas

Dry Gas

Outlet Purge

Hollow-Fiber Membrane Dryer Module

DOE Industrial Technologies Program

Inlet Purge
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Improved Methods for the Production of Polyurethane Foam

New Surfactants Result in a More
Environmentally Benign Production Process

Methylene chloride, a toxic chemical that contributes to air pollution, was
recently eliminated from use in the United States polyurethane industry. This
mandated elimination did not permit production of as large a range of foam
grades as was possible using methylene chloride, thus placing U.S. industry at
a competitive disadvantage. Air Products and Chemicals, Inc., with financial
assistance from ITP, developed new silicone surfactantsenabling the efficient
production of the full range of foam grades using a more environmentally
benign CO2 blowing agent. In addition to lowering toxicity, the new process
uses less energy and reduces the net release of COZ, which is implicated in
global warming.

The challenges in using liquid CO2 as a blowing agent include rapid
vaporization, rapid bubble nucleation, and difficulty in maintaining fine
cell structure in the foam. The new surfactants address these challenges by

emulsifying the blowing agent, thereby maintaining fine cells during foaming.

The silicone surfactants have achieved superior performance, resulting in
finer cell structure (better yield), higher bun heights (better yield), better
top to bottom physical property gradient (product consistency), and better
compatibility with flame retardants.

Benefits
Productivity

Increase yield through finer foam cell structure, higher bun heights, and
improved top to bottom physical property gradients.

Safety
Silicone surfactants with the CO2 blowing agent improve compatibility with
flame retardants.

Waste Reduction
Reduces the toxicity of the process and uses the CO2 blowing agent more
effectively for reduced CO2 release to the atmosphere.

Conventional Method

IMPACTS

Overview

Developed by Air Products and
Chemicals and being used in two plants
in the United States
(www.airproducts.com)

Commercialized in 2006

U.S. Energy Savings

(Trillion Btu)
Cumulative through 2006 2006
0.023 0.023

U.S. Emissions Reductions
(Thousand Tons, 2006)

Particulates SO, NO_ | Carbon
0.0 0.002 | 0.003 0.413
Applications

Used in polyurethane foam production

Capabilities

Eliminates use of toxic methylene
chloride.

Increases foam yield through finer foam
structure.

Improves compatibility with flame
retardants.

Electricity + Steam MeCl Polyurethane

Low Density Foam

New Method

Silicone Surfactant

CO2 Polyurethane

All Foam

Polyurethane Foam Production
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Low-Cost, Robust Ceramic Membranes for Gas Separation

IMPACTS

Innovative Ceramic Membrane Reduces
Energy and Cost of Industrial Gas Separation

Ceramic membranes offer great potential for industrial gas separation.
Without a ceramic membrane, gases must be cooled before separation.
Unfortunately, even though ceramic membranes can improve the
productivity for many reactions and separations in the chemicals and refining
industries, they are costly.

Media and Process Technology, Inc., with ITP support and industrial
partners Gas Control Engineering Corporation, Southern California Gas,
and the University of Southern California, developed a new technology

that has overcome the cost barrier by using a low-cost, robust ceramic
membrane. This membrane separates gases and vapors at temperatures up to
600°C. Significant energy savings are possible because cooling prior to gas
separation can be eliminated and valuable components removed from the gas
stream can be recycled.

Applications are targeted toward hydrogen production, water and energy
recovery from flue gas, and CO_removal in natural gas processing. In
addition, this low-cost membrane is currently under consideration as
substrate for a wide range of thin films capable of industrial gas separations
and has been used commercially without the gas separating layer for a wide
range of liquid phase separations.

Benefits
Energy Savings

Allows gas separation at higher temperatures, eliminating the need to cool
gases beforehand and therefore saving cooling energy.

Profitability and Productivity

Offers a low-cost material that reduces time and money spent for gas
separation and allows valuable chemicals to be recycled rather than being
disposed.

DOE Industrial Technologies Program

Overview

Developed in joint venture among
Media and Process Technology, Inc.,
Gas Control Engineering Corporation
(GCE), Southern California Gas, and the
University of Southern California

(www.mediaandprocess.com)

Commercialized in 2005 and being
marketed by Cleaver Brooks, Inc.
(www.cleaver-brooks.com)

Installed in two U.S. location for
recovery of water vapor and energy, with
a third installation scheduled for fall
2007

U.S. Energy Savings

(Trillion Btu)
Cumulative through 2006 2006
0.011 0.007

U.S. Emissions Reductions
(Thousand Tons, 2006)

Particulates SO, NO Carbon

X

0.0 0.0 0.001 0.111

Applications

Separation of CO2 in natural gas processing,
landfill gas recovery, hydrogen production,
and water and energy recovery. Liquid
phase separations are also possible without
the gas separating layer.

Capabilities

Separates gases and vapors at
temperatures up to 600°C.

Simplifies chemical production
processes.

Enhances conversion of chemical
reactions.
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Micell Dry-Cleaning Technology

IMPACTS

New Cleaning Method Eliminates Use of Overview
Harmful Chemicals while Savmg Energy Commercialized in 1999 by Micell

Micell Technologies developed a new dry cleaning technology using patents Technologies

and know-how that is based on ITP sponsored research on CO2 surfactant
technology performed by the Pacific Northwest National Laboratories. The
Micell CO_ dry cleaning technology is called the Micare™ system. Micell
Technologies is the parent company of Hangers Cleaners, who offers franchises
incorporating the Micare dry cleaning technology.

In 2006, there were 20 Micare machines
serving Hangers Cleaners stores
throughout the United States.
(www.coolclean.com)

U.S. Energy Savings
The heart of the Micare system is the specially designed MICO_machine with (Trillion Btu)
a 60-pound capacity and able to hold liquid CO_. Garments to be cleaned

are placed inside a large rotating basket in the I\Z/IICO2 machine and the door Cumulative through 2006 2006
is closed, sealing the system. Carbon dioxide is added from the storage tank 0.027 0.003
along with the Micare detergent package. This patented detergent system
enhances the cleaning ability of the liquid CO_ allowing it to remove dirt U.S. Emissions Reductions
from the garments. After the cleaning cycle, the machine pulls the solution of Th d Tons. 2006
liquid CO2 and cleaning detergents away from the clothes, and then cleans and (Thousand Tons, )
recycles the COZ. Most (98%) of the CO2 is recycled, while a small amount Particulates SO, NO_ [ Carbon
of CO_ gas is then vented to the atmosphere. The cleaned garments are then 0.0 0.0 0.0 0.055
removed from the wash tank after a cycle time of 35-45 minutes.
Applications
Benefits Replaces perchlorethylene or petroleum-
. based solvents used by conventional dry-
Energy Savings cleaning systems
Eliminates the energy-intensive drying cycle used by conventional dry-cleaning
systems. Capabilities
Productivity Cleans equal to or better than

. . . i t .
Reduces operating time and costs less to operate than the conventional systems. conventional systems
Is similar to conventional front-load,

Quallty . . mechanical action machines and features
Cleans effectively with no unpleasant odors, treats garments gently, and gentle wash and extract cycles.

eliminates the chance of heat-related damage or setting of stains, as there is no

drying cycle. Requires only 35 to 45 minutes to clean a

. 60-pound load.
Waste Reduction Vent
Eliminates harmful releases

of perchlorethylene or other (|Condenser|)

petroleum solvents to both

the air and groundwater. Detergent

|Lint Filter|5 ~{Carbon Filter|

eservo
orkin .

NllCOz Tank

Micell Dry-Cleaning Process
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Mixed Solvent Electrolyte Model

IMPACTS
Software Tool to Predict Solubility of Solids Overview
and Other Thermophysical Properties Developed and marketed by OLI
With assistance from ITP, OLI Systems, Inc., developed the mixed-solvent Systems, Inc.

(www.olisystems.com)

electrolyte model, a comprehensive physical property package that can
predict the properties of electrolyte systems ranging from dilute solutions to
fused salts in water, nonaqueous, or mixed solvents. The model accurately
predicts the solubility of solids in complex multicomponent systems, thus
providing a tool for designing crystallization processes. In addition, the
model predicts other properties such as vapor-liquid and liquid-liquid

Commercialized in 2005

64 U.S. licenses sold

equilibria, densities, heat effects, viscosity, electrical conductivity, Appli :
oo e Ication
and diffusivity. PP cations
Optimizes crystallization processes
The model incorporates chemical equilibria to account for chemical throughout the chemical and pharmaceutical
speciation in multiphase, multicomponent systems. For this purpose, the industry

model combines standard-state thermochemical properties of solution
species with an expression for the excess Gibbs energy. The model can
accurately reproduce various types of experimental data for systems of P
aqueous electrolyte solutions. Separate formulations have been developed Capabllltles
for predicting transport properties in the same range of temperature and Predicts crystallization processes.
compositions.

Predicts solubility of solids and other
The model has been implemented in OLI Systems’ commercial software, thermophysical properties.
including the Electrolyte Simulation Program (a flowsheet simulator),
StreamAnalyzer (a desktop chemical laboratory), CorrosionAnalyzer (a tool
for predicting the tendency of metals to corrode), and selected interfaces to .
third-party process simulation programs. In its various implementations, the Benefits
mixed-solvent electrolyte model is already used by more than 50 chemical

process companies that lease OLI’s software. Efficiency
Improves process control, filterability, and

mixing efficiency.

Energy Savings
Electrolyte Process Stream and Oil and Gas Well Substitutes crystallization for more
Simulation (ESP) Corrosion Analyzers Scaling (ScaleChem) energy-intensive process units.

Product Quality

Improves process control and product
quality, and minimizes lab and plant testing
costs and risks (by using simulations).

OLI Engine Including Mixed Solvent Electrolyte Model

Simulator Interfaces Callable Interfaces

Integration of the Mixed Solvent Electrolyte Model with OLI Software
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No-VOC Coating Products

New Water-Based Coating Products Reduce
Drying Time and Environmental Impacts

At present, a major concern of the coatings industry is the emission of volatile
organic compounds (VOCs), which react with sunlight to create photochemical
ozone or smog. VOC-containing solvents used in conventional liquid coatings
evaporate during application, curing, and during clean-up operations. With
help from a DOE NICE? grant, Sierra Performance Coatings has developed
new waterborne coatings that reduce or eliminate VOC emissions during
formulation and application. The production of these new coatings requires
lower processing temperatures, which reduces their energy impact. The
coatings’ quick-drying characteristics save further energy by avoiding heating
and ventilation in the drying process.

Waterborne non-VOC coatings substitute water for a portion of the solvent
used as the resin retainer in typical organic coating formulations. These new
coatings can be applied to many surfaces including metal products. The quick-
drying formulation reduces energy needs for drying and eliminates installation
problems associated with harmful vapors. Many of these new products dry

far more quickly than other products so multiple coats can be applied in one
day rather than two or three. This dramatically cuts labor costs and returns
the facility to use much sooner. Similarly, the corrosion resistance of Sierra’s
coatings are superior to any solvent-based coatings on the market.

Benefits
Energy Savings

Reduces or eliminates the energy for drying in-line production processes.

Emissions Reductions
Reduces environmental impact and increases compliance with regulations and
environmental requirements.

Productivity

Speeds drying and uses simple water clean-up, thereby reducing downtime
between coats and at the end of jobs. Reduced emissions also reduce
ventilation equipment and labor.

Safety

Eliminates skin irritation from solvent contact and reduces exposure to harmful
vapors, the need for ventilation, and the risk of fire from organic vapors,
resulting in safer installation.

30

IMPACTS

Overview

Developed by Sierra Performance
Coatings and being marketed by RPM
International, Inc.

(Www.rpminc.com)

Commercialized in 1998

625,043 gallons produced and applied
through 2006

U.S. Energy Savings

(Trillion Btu)
Cumulative through 2006 2006
0.006 0.001

U.S. Emissions Reductions
(Thousand Tons, 2006)

Particulates SO, NO_ | Carbon
0.0 0.0 0.0 0.014

Applications

No-VOC solvents can be found as
components of exterior opaque stains,
exterior and interior semitransparent stains,
waterproofing sealers, clear wood finishes,
varnishes, and sanding sealers

Capabilities
Provides equal protection and material
covering characteristics such as longevity
and toughness with improved drying
times and easier installation.

Allows for quicker installation with none
of the noxious fume problems associated

with standard products.

Reduces drying time and environmental
impacts.
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Pressure Swing Adsorption for Product Recovery

IMPACTS

Highly Selective Pressure Swing Adsorption Technology
Recovers Valuable Components from Waste Streams

Many polyolefin plant designs use a polymer degassing step to remove
unreacted monomer, solvents, and additives from the product polymer fluff
before it is processed in downstream pelletizing operations. When nitrogen

is used as the stripping gas, the operation produces a low-pressure gas stream
that typically contains nitrogen and valued hydrocarbons that can be recovered
and recycled to the plant. If the gas is not processed for recovery, it is typically
flared. The flaring step results in volatile organic compounds, NO_, and

CO, emissions. Flaring can also be costly, roughly equal to the value of the
purchased nitrogen.

With assistance from DOE’s Industrial Technologies Program, Air Products
and Chemicals has developed a single unit operation to recover these gases.
Pressure swing adsorption (PSA) is combined with partial condensation to
essentially recover 100% of the hydrocarbons from the vent gas. In addition,
PSA produces a high purity N, stream, with nearly 100% recovery of nitrogen.
The recovered nitrogen can be recycled to the stripping operation or used
elsewhere in the facility. Air Products’ high recovery system eliminates waste
streams and therefore emissions.

In this new process, the vapor stream from the partial condensation section
flows into a PSA unit. Within the PSA, specially selected adsorbent materials
extract hydrocarbons, thereby refining the nitrogen to a high purity with
minimal pressure drop. Over time the adsorbent material in the bed becomes
saturated and must be regenerated. Lowering the pressure in the saturated bed
desorbs the hydrocarbon components from the adsorbent material in the PSA
The hydrocarbons are released and recovered in a low-pressure tail gas, which
is recycled back to the compressor suction so the hydrocarbons are not lost.
This technology provides a significant opportunity for energy and cost savings
and reduced waste.

Recovered
Feed Hydrocarbons Product
ce (Vapor or Liquid) N,

Partial
Q @ Condensation PSA
Equipment

Pressure Swing Adsorption Recovery

DOE Industrial Technologies Program

Overview

Developed by Air Products and Chemicals
(www.airproducts.com)

Commercialized in 2003

Installed in three locations in Texas

U.S. Energy Savings

(Trillion Btu)
Cumulative through 2006 2006
0.292 0.100

U.S. Emissions Reductions
(Thousand Tons, 2006)

Particulates SO, NO Carbon

X

0.0 0.0 0.012 1.59

Applications

Both chemical and refining industries,
including polyethylene and polypropylene
production processes that use N, for
degassing the polymer fluff and for
treating refinery off-gas streams. This
process could be adapted to recover
valuable products from other waste streams
throughout the industry.

Capabilities

Recovers hydrogen, nitrogen, and
hydrocarbons for reuse.

Is flexible enough to operate using an
external refrigeration source.

Benefits

Pollution Reduction

Exit streams from certain processes can

be collected and separated for reuse,
eliminating the emissions and need for
disposal. Disposal typically involves
flaring of the waste streams; therefore, this
new process can save energy and costs by
eliminating flaring.

Profitability and Productivity
Operating and emission costs are reduced
by eliminating flaring, and productivity is
increased by reusing products in the feed

streams.
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Process Heater Ultra-Low Excess Air Control

IMPACTS

An Enhanced, CO-Based, Low Excess Air Control Overview

System Saves Energy While Reducing Emissions Developed and being marketed by
To heat liquids and induce chemical reactions during production processing, Bambeck Systems, Inc.
the refining and chemicals industries rely on process heaters and boilers (www.bambecksystems.com)
that consume large amounts of fuel. Bambeck Systems and Valero Energy o )
received a grant from ITP to demonstrate how fully automating the available Commercialized in 2002 with over 585
air to the three types of heaters typical to a refinery will save fuel. Using a of the original technology installed
Bambeck fast CO analyzer to monitor the heater flue gas, a control scheme )
is installed to reduce the oxygen until a small amount of CO is produced. Seven enhanced ultra-low versions
Using this parameter in the control scheme optimizes the air needed for installed

combustion, thereby not wasting fuel to heat unneeded air.

U.S. Energy Savings

The three requirements to successfully implement this technology are the

fast CO analyzer, a new control strategy, and operator education. The (Trillion Btu)
analyzer provides CO data to the existing heater control system. The current Cumulative through 2006 2006
control strategy is then modified to reduce the air to the heater via the 112 0.338

controllable entrances, including stack dampers, fans, and burner registers.
When a small amount of CO is generated, the control system automatically
maintains that point changing the controllable entrances as more or less

air is required as indicated by the CO analyzer. Since fuel Btu content can U.S. Emissions Reductions
change rapidly, the fast CO analyzer responds to the change in demand for O2 (Thousand Tons, 2006)

and, through the control system, sends commands to the dampers, fans, and ’
registers to open or close. Because operators historically used an O2 monitor Particulates SO, NO_ [ Carbon
to ensure that the combustion process has excess air, the operators need to 0.0 0.020 | 0.042 5.60
be educated to feel comfortable seeing very low O_readings. The heater is
safer because CO is a precursor to a combustible condition and O_is not. In
addition, reducing the excess O2 also reduces both NOX and CO2 fgreenhouse

gas). Applications
A process heater or boiler control system for

the chemicals, petrochemicals, and refining
industries

Distributed

CO Analyzer Control regs
System Capabilities

Draft Transmitter Bavlrlilt)l;ck Monitors the unburned fuel gases and
controls the amount of air available for

the combustion process, providing the

. minimum amount needed.

O2 Analyzer

Controls

Heater

Limit .
s Benefits

Reduced Emissions

Reduces NOX emissions from 30% to 45%

and CO2 in proportion to the size of the

heater.

— Burner Registers

Eliminates the possibility of any dangerous
combustible conditions developing in the
heater.
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Supercritical Purification of Compounds
for Combinatorial Chemical Analysis

IMPACTS

Innovative Purification Method
Reduces Energy Use and Chemical Waste

With the support of a NICE? grant, Berger Instruments, Inc., developed and
demonstrated an innovative approach to combinatorial chemistry for the

drug discovery industry called supercritical fluid chromatography (SFC).
Conventional liquid chromatography (LC) systems are capable of purifying
only 5 to 10 compounds per day. In addition, because of the wide variation

in the number of complex chemical compounds that need to be tested, the LC
process requires several manual operations, two to three trial runs, and up to 48
hours to remove organic/aqueous waste and water from the purified products.
This time-consuming work poses a bottleneck for the pharmaceutical industry,
which depends on high levels of throughput and purity.

Using the new SFC process, samples can be purified and dried 20 to 100

times faster than by conventional LC systems. SFC, a packed column analysis
technique similar to LC, uses compressed gases such as CO, rather than liquid
solvents as the primary component of the mobile phase. The high diffusivity
and low viscosity of CO, results in greater speed and resolution than possible
with LC. Additionally, the SFC technology provides a solute purity of 95%

or greater, very rapid fraction collection with full automation, and no need

for manual intervention. This new process also significantly reduces energy
consumption and liquid-solvent waste generation.

CO, Gas Vent
to Atmosphere
Drug Discovery Berger SFC Methanol
Synthesis Mixture Separator Liquid Waste
Purified Compound of
Interest in Methanol
Methanol
Vapo
Centrifugal Condenser
Evaporator Unit
Dry Purified Drug Methanol
Discovery Compound Liquid
of Interest Waste

Supercritical Fluid Purification System

DOE Industrial Technologies Program

Overview

Developed by Berger Instruments, Inc.
and marketed by Thar Instruments, Inc.

(www.tharsfc.com)

Commercialized in 2000

130 units operating in the United States

in 2006
U.S. Energy Savings
(Trillion Btu)
Cumulative through 2006 2006
2.69 0.904

U.S. Emissions Reductions

(Thousand Tons, 2006)

Particulates SO, NO_ | Carbon
0.004 0.195 | 0.146 17.8
Applications

Process science and engineering technology
for the pharmaceutical, chemical, and drug

discovery industries

Capabilities

Processes samples at higher speed with

high purity.

Approaches full automation without the

need for manual intervention.

Benefits
Energy Savings

Uses 2% of the energy required by

conventional LC technology.

Productivity

Processes samples 20 to 100 times faster
while producing a purity of 95% or greater.

Waste Reduction

Reduces liquid chemical waste by 95% for

each processed compound.

33


http://www.tharsfc.com/

Total Cost Assessment Tool

New Decision-Making Software Integrates Costs into
Environmental Decisions and Life Cycle Assessments

The Total Cost Assessment (TCA) methodology enables industry to include all
environmental, health, and safety costs in decision-making. In particular, TCA
includes contingent liabilities such as fines and cleanup costs and intangible
costs such as damage to corporate or brand image and reduced employee

morale. External costs, such as costs to society, can also be included in the TCA
methodology. In traditional industry decision-making, environmental health and
safety (EHS) assessments have been conducted separately from life cycle cost
analyses. This customary separation has limited the influence and relevance of
life cycle assessment for decision-making, and left uncharacterized the important
relationships and tradeoffs between the economic and environmental performance
of alternative decisions.

The TCA methodology was developed by an industry collaboration of ten
companies led by the American Institute of Chemical Engineers (AIChE)

Center for Waste Reduction Technologies (CWRT) with support from the U.S.
Department of Energy Industrial Technologies Program and the National Business
Roundtable Industrial Pollution Prevention Council.

The Total Cost Assessment Tool (TCAce), developed and sold by Sylvatica,
manages the TCA process by enabling the company to use sliding ranges and
probabilities to reflect the true nature of contingencies. TCAce integrates scenario
case studies and sensitivity/uncertainty/risk analysis into a company’s existing
economic evaluation framework to enable sound decisions. It identifies all
conventional, hidden, human health, and environmental impact costs both internal
and external. TCAce requires an operating system of Windows 98 or better and
recommends at least a 24MB hard drive.

Organization Define
Goals Project
Select
Alternatives
to Evaluate TCAce provides many
potential environmental
costs in associated data
Type summaries, based on
Develop Type II literature research and
Financial Type III| interviews. Each cost
Inventory Type IV| is assigned a probability
Type V | by the user, since precise
valuation of many of these
cost types is not achievable
Run TCAce ypat this time.
Financial
Analysis
Strategic Review Feedback to )
Evaluation Cost Company’s Main
Results Decision Loop
The Total Cost Assessment Process
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Overview

Software developed by Sylvatica of
North Berwick, Maine
(www.earthshift.com)

Has sold 7 units to date: 2 in the United
States and 5 internationally

Commercialized in 2005
Applications

The Total Cost Assessment Tool can be used
throughout industry in considering all the
environmental and health costs associated
with a business decision, such as process,
project, or corporate-level investment
alternatives. The software performs

and addresses the following activities:
estimating baseline costs, benchmarking,
process development, product mix, waste
management decisions, pollution prevention
alternatives, remediation alternatives,
environmental management, research
budget allocations, materials/supplier
selection, facility location/layout, outbound
logistics, market-based environmental
options, and public relations/lobbying.

Capabilities
Identification of best environmental and

economic options in business decision-
making.

Alignment of environmental goals with
good business strategies.

Integration of internal costs and
externalities into a single assessment
process.

Benefits

Environmental Benefits

Selects waste management investment
decisions that are environmentally sound
and reduce long-term liabilities.

Profitability

Reduces manufacturing costs by integrating
life cycle assessment with life cycle cost
analysis and facilitating collaborative
scenario planning.
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TruePeak Process Laser Analyzer

IMPACTS

In-Situ Sensors Provide Real-Time Measurements
Enabling Better Control and Process Optimization

Current chemical process controls use few in-situ sensors, relying instead
on analytic techniques that require sample conditioning and transport,
and significant turnaround time. With few exceptions, these techniques
lack speed of measurement, accuracy of measurement, sensitivity of
measurement, and economical measurement. In-situ sensors can provide
real-time measurements, enabling better understanding and control of the
process and improving process optimization, product quality, and plant
economics. Supported with a grant from ITP, Analytical Specialties,
Inc., has developed a system of in-situ sensing for more efficient process
operation.

The system, called TruePeak, is a tunable diode laser analyzer that directly
measures the concentration of 02, HZO, and potentially several other

gasses. TruePeak measures across an infrared absorbance region, which
makes it useable in high dust and corrosive environments and provides

a true interference-free analysis. The system is characterized by rapid
measurement (as fast as 1 second), high process pressure capability (up to 20
bar), high temperature (up to 1500°C), and no contact with the process. The
system operates at the required process conditions (pressure, temperature,
etc.), provides real-time or near real-time data, and significantly reduces
installation and operational costs compared with currently available
products.

Appropriate applications for TruePeak include combustion oxygen analysis
of process heaters, furnaces, and incineration operations. The technology is
also applicable to processes where reducing errors in oxygen concentration
measurements can reduce plant process shutdown. The need for this
technology and its measurements are driven by advances in process control
systems and the need to “close the loop” in modern control systems. This
rugged unit can be used in a variety of chemical process applications and can
provide real-time, accurate measurements in harsh environments, which can
improve process efficiency, reliability, and productivity.

Overview

Developed by Analytical Specialties, Inc.
(www.analyzer.com)

Commercialized in 2004

Applications

02, CO, H20, and other gas sensing in
chemical processes

Capabilities
Provides in-situ analysis, eliminating
errors and costs associated with
extractive analyzers.

Can be used in harsh environments.

Benefits

Applicability
Operates with processes up to 1500°C and
20 bar and virtually interference-free.

Productivity

Reduces downtime for maintenance and
provides near real-time measurements with
improved accuracy for better control.

TruePeak Process Laser Analyzer

DOE Industrial Technologies Program
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Advanced Quality Control (AQC)
Solution for Thermo-Mechanical Pulping

Optimal Pulping Using an Advanced
Control System and Sensors

Thermo-mechanical pulping (TMP) has become the pulping method of choice
for many pulp and paper mills. Electrical energy accounts for 23% of the

total production cost, with over 70% of that dedicated to the TMP process. In
2001, with financial and technical support provided by ITP, Pacific Simulation
assessed and implemented their AQC model-predictive controls in a TMP plant.
In this demonstration, the plant realized gains in three key areas: reduced peak
and specific energy consumption, reduced production line transition times, and
improved freeness targets.

Commercial implementation of AQC involves coordinating advanced quality
control in multiple areas of the paper mill: mainline refiners, reject refiners,
screen room, and pulp quality. Sensors are used to measure controlled
variable outputs for freeness, consistency, shive content, fiber length, motor
load, screw speed, refiner temperature and pressure, and reject rate. The

heart of the AQC system is the multivariable predictive controller (MPC) and
associated software that compares “current” data against “historical” data to
determine the predictive model. The MPC, coupling pulp line output with plant
productivity and power consumption, can make real-time optimization changes
to manipulated variables to efficiently manage pulp and finished paper quality
and production capabilities while reducing specific energy consumption. The
AQC Solution has been implemented on over 72 refiners in the United States,
Canada, Sweden, Norway, New Zealand, and Chile.

Pulp
Screw Speed Transfer
Screw
* Motor Load .
Primary
* Dilution Flow Refiner « Consistency
Sensors L1 e Motor Load
REN)
* Motor Load Secondary
* Quench Flow Refiner * Consistency
Sensors L1 » Freeness
* Fiber Length
Latency « Shives
Chest
From the Plant Refined
* Average Production JEE4N|/]
* Total MillPower
Process Inputs MPC Sensor Outputs
Controller
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IMPACTS
Overview

Developed and commercialized by Metso
Automation’s Pacific Simulation in 1995

Expanded under DOE grant in 2001

Purchased and marketed by Metso
Automation in 2004
(Www.metso.com)

U.S. Energy Savings
(Trillion Btu)
Cumulative through 2006 2006
0.769 0.154

U.S. Emissions Reductions
(Thousand Tons, 2006)

Particulates SO NO Carbon

X X

0.001 0.033 | 0.025 3.02

Applications

The AQC Solution links final product
quality with the thermo-mechanical pulping
process optimizing production, quality, and
cost.

Capabilities

Reduces peak and specific energy demand
by matching real-time pricing from local
electrical utilities.

Reduces raw material costs by limiting the
required amount of purchased Kraft pulp.

Improves final pulp quality by optimizing
refiner operation and output.

Benefits

Energy Savings

Reduces specific peak energy from 8 MW
to 6.5 MW. Additionally, the TMP plant is
using an average of 125 horsepower days/
ton down from 145 horsepower days/ton.

Production

Uses stock blending quality control to
optimize the blend of feed stock quality
and final paper grade to allow mills to
match pulp quality production to the exact
requirements of the paper machine on a
grade basis.
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Continuous Digester Control Technology

IMPACTS

Pulp Process Model Identifies Improvements Overview
that Save Energy and Improve Productivity

Developed at the University of Delaware

The pulp digester is known as the bottleneck unit in the pulp mill flow sheet
because it can require 5 to 50% of typical on-line operation time, making this
component of the pulping process very capital intensive. Improving digester
performance can significantly reduce production losses, operating costs, and
negative environmental effects while increasing paper quantity and quality.
Using a computer-based model and control system for continuous digesters

Commercialized in 2003

Being marketed by IETEK
(www.ietek.net)

could regulate the pulping process, thereby minimizing mill downtime caused u.s. Energy savings

by digester problems and fostering continuous operation and pulp production. (Trillion Btu)

Previous work conducted at the University of Delaware (UD) indicated that Cumulative through 2006 2006
fundamental computer models could manage the internal conditions within the 9.00 0.0

digester. The UD resolved the major challenge to designing such a model by
developing a fundamental digester model that manages production rate changes
and grade swings between hardwood and softwood feedstocks.

U.S. Emissions Reductions
The digester’s fundamental process model integrates physical and chemical (Thousand Tons, 2006)
properties as system “states” (i.e., points in the digester process) to track grade -
transitions. This model allows appropriate material, energy balance, and Particulates SO, NO, | Carbon
diffusion simulations to be calculated as various-origin chips pass through 0.0 0.0 0.0 0.0
the digester. The observation and tracking of these data help identify process
improvements. The model’s first commercial application in a Texas mill
allowed the temperature to be reduced in part of the pulping process, thereby
saving 1% of the process energy.

Applications
All types of pulp digesters and provides

Sluice . .
the basis for developing more model-based
methods of soft sensing, diagnostics, and
/\*’W control
Black Chips Cook
Liquor Steam Cook
\ Zone -
B Capabilities
Whit / e Uses a computer model to evaluate the
ite Upper i
Liquor ) Ex[g')act pulping process.
Digester > Lower Provides operational data through the
Vessel I}’IOCHCe Extract model to identify process improvements.
Impregnation Modified TTITITIIT .
Vessel Continuous T Benefits
Cooking .
(MCC) i i Mcc | e Environmental Impact
Steam Trim Minimizes the amount of chemicals used.
Extended T Productivity .
Modified le«——Wash Improves operator control, thus raising
T Continuous —» LD-) Liquor productivity and process reliability. Also
. Cooking EMCC improves system operability through rate
Sluice (EMCC) Trim and grade transitions.
Trim Steam Blow
Dual Vessel EMCC Continuous Digester Product Quality

Reduces pulp and paper quality variations.
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Detection and Control of Deposition on Pendant

Tubes in Kraft Chemical Recovery Boilers

Advanced Imaging System Improves Boiler
Efficiency, Reduces Sootblowing Costs,
and Improves Operational Safety

The kraft chemical recovery boilers used for pulp processing are large and
expensive and can be the limiting factor for mill capacity. Improvements in
boiler efficiency with better control of deposits on heat transfer surfaces (e.g.
pendant tubes) and reductions in boiler downtime (due to pluggage or slag
impact) can improve boiler capacity and reduce operating costs.

With assistance from DOE’s Inventions and Innovation Program, Enertechnix,
Inc., has developed a hand-held infrared inspection system. Using the
inspection system technology, they have also established the feasibility of and
are developing a continuous integrated monitoring sootblower control system
to detect and control buildup of deposits. The early detection of deposits can
extend the intervals between boiler shutdowns. The resulting improved boiler
operation and reduced maintenance provide energy savings and productivity
improvements to the pulp processing industry.

Sootblowers use steam to clean the soot from heat exchanger pendant tube
surfaces. The hand-held inspection system has demonstrated reductions in
sootblower steam use of up to 20%. This steam improvement is achieved
because the frequency of sootblower operation is reduced, sootblowers can
be repositioned based on data obtained from the inspection, and sootblower
malfunction can be detected. Reduced pluggage and deposition in the boiler
have also led to improved heat transfer rates. The integrated observation
camera and soot-blower control system (under development) are expected to

reduce soot blower steam usage by 30-35% and improve heat transfer efficiency

by 20%.

)

Hand-held Inspection System on a Kraft Recovery Boiler
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IMPACTS

Overview

Developed by Enertechnix, Inc.
(www.enertechnix.com)

Commercialized a hand-held device in 2002

95 units in use in 2006

U.S. Energy Savings

(Trillion Btu)
Cumulative through 2006 2006
2.46 1.05

U.S. Emissions Reductions
(Thousand Tons, 2006)

Particulates SO, NO_ | Carbon
0.008 0.607 | 0.161 22.8

Applications

Kraft recovery boilers in the pulp and paper
industry and also for boilers in the coal
power, cement, steel, and glass industries

Capabilities

Produces clear video images of boiler
interiors despite highly particle-laden
environments.

Produces images at distances up to 100
feet, enabling inspection anywhere in
the combustion chamber including the
convection pass and economizer.

Benefits
Productivity

The hand-held inspection system reduces
boiler downtime through early detection of
defective fixtures (tube leaks or damaged
sootblower). Without shutting down

the boiler, the system also detects slag
formation at an early stage, preventing
impact damage and enabling cleaning
before deposits harden.

Safety

The impact of sizable slag deposits on boiler
internals can lead to severe damage and
potential injury. The hand-held inspection
system has enabled early detection and
elimination of such deposits.
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METHANE de-NOX® Reburn Process

IMPACTS
METHANE de-NOX Reburn Process Uses Overview
Waste Wood for Biomass-Fired Stoker Boilers Developed by the Gas Technology Institute
The METHANE de-NOX process is a reburn technology using 5% to 25% (www.gastechnology.org)
natural gas heat input for improving combustion of solid waste fuels and for o .
controlling emissions of NO, and CO. The METHANE de-NOX process Commercialized in 1998

injects natural gas above the grate and uses flue gas recirculation to enhance
mixing and create an oxygen-deficient atmosphere that retards NO, formation.
Overfire air is injected higher in the furnace to burn out the combustibles. The

Two units operating at paper mills and 26
units on coal-fired cogeneration boilers

technology has been successfully demonstrated in commercial power plants U.S. Ener’gy Savings

using municipal solid waste and coal as fuel. In these demonstrations, the (Trillion Btu)

combustion systems operated more efficiently; required less maintenance; and

reduced emissions of NO,, CO, and VOCs. Cumulative through 2006 2006
1.19 0.159

With assistance from ITP, the Gas Technology Institute (formerly the Institute
of Gas Technology) demonstrated the METHANE de-NOX reburn technology U.S. Emissions Reductions
in the forest products industry. The project involved a field demonstration on a

300 million Btu/hr stoker-fired boiler fueled with waste wood and paper sludge (Thousand Tons, 2006)

at Boise Paper Solutions’ paper mill in International Falls, MN. After the boiler Particulates SO, NO_ [ Carbon
was retrofitted, performance tests confirmed that the added heat released from 0.0 0.023 | 0024 796
natural gas combustion above the stoker grate stabilized the firing of solid
fuel, permitted uniform heat release, reduced localized peak temperature, and ] )
permitted greater load flexibility including low load operation, thus improving App“CGtIOHS
combustion of difficult-to-burn waste fuels. A wide range of wastewood and sludge-

fired stoker boilers in the forest products
Commercial implementation of the technology provides the forest products industry and coal-fired boilers
industry with a means to use (rather than landfill) more waste wood solids
and sludges, reduce natural gas consumption and NO_ emissions, and improve pags
boiler thermal efficiency. * Capabllltles
Improves grate combustion of difficult-
to-burn fuel such as high-moisture-

content waste wood.

Substantially reduces NO, emissions and
natural gas input while increasing sludge
firing rates and thermal efficiency.

Provides a cost-effective means to use

Burnout Zone abundant waste wood solids and sludges
for energy generation rather than land-
filling them.

Overfire Air —

NO_ and NO_Precursor

! =: *Reduction Zone Benefits

Ease of Operation
Cleaner gas passes through the furnace with

Natural Gas/Flue —
Gas Recirculation

NOX Formation Zone

Wood Waste —»tsagen q, o less fouling and unburned carbon and fly
and Sludge ash at the bottom.
Productivity
| | Sludge firing increases from 1.2 up to 5
Undergrate Air tons/hour and boiler thermal efficiency
METHANE de-NOX Process increases by 1% to 2% resulting in greater

steam production capacity.
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MultiWave™ Automated Sorting System for Efficient Recycling

Advanced Sensor Detects Paper’s Unique
Spectral Signature at High Speed

The primary challenge in recycling paper has been to obtain raw material with
the highest purity. Ideally, creating a paper stream sorted by purity would
facilitate a high-quality end product, thereby saving processing chemicals and
energy. Unfortunately, previous manual sorting techniques were not effective
in meeting this challenge. With financial assistance from ITP, North Carolina
State University, Weyerhaeuser, and MSS Corporation developed sensors for
automatically sorting grades of paper from a mixed stream at high speed for
more efficient recycling. Using technology developed by North Carolina State
University, MSS commercialized the MultiWave™ sensor in 2006, providing
proprietary full spectrum color and near infrared (NIR) spectroscopy in

one compact module at scanning speeds that are more than double those of
other NIR sensor systems. The new sensor also provides gloss and lignin
identification.

The new sensor provides manual recycling facilities, as well as paper and
plastics processors, with a solution for automated optical separation at levels
not possible before. At up to 15 tons/hr the incoming stream is uniformly fed
in a single layer on high-speed conveyors at velocities of 1,200 ft/min (6 meters/
sec). Besides increased speed, the sensor works in machine widths of up to 96"
(2440 mm), which allows significantly higher throughput rates to be processed
than any other sorting module available on the market — more than 160 ft? per
second (15 m?/sec).

The sensor starts the process by analyzing all items and classifying them
according to specific “signatures.” Then, the master computer processes the
signals and fires compressed air jets. Depending on the setup, the targeted
materials can be ejected together into one chute (upwards) or separately into
two chutes (one upward, one downward). An auto-calibration feature ensures
consistently high sorting accuracy. The result is a paper stream that is sorted
by purity, thereby meeting the original challenge and reducing landfill waste.

IMPACTS

Overview
Developed by North CarolinaState Uni-
versity

Commercialized and marketed by MSS
Corporation in 2006
(www.magsep.com)

Applications

High-speed sorting of mixed recycled
paper streams

Gloss and lignin identification

Capabilities
Works in machine widths up to 96
inches, up to 15 tons per hour.

Analyzes and classifies paper type at
1,200 feet per minute.

Benefits

Profitability
Sorts recycled paper using a high-speed
machine instead of hand sorting.

Waste Reduction
Reduces rejected recycled pulp up to 5%.

Reject
Paper
Recyclable
Paper Paper Paper Paper
Conveyor P P P P Paper
Belt ——>( ) ) ( ) ( )
Sensor Microcontroller X<_ Air Valve
Compressed
Air

Paper Recycling Using the MultiWave Sensor System
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Pressurized Ozone/Ultrafiltration Membrane System

IMPACTS
Novel Process Dramatically Reduces Energy Use, Improves Overview
Process Water Quality, and Reduces Effluent Discharge Developed by LINPAC, Inc., and
With the support of a NICE? grant, LINPAC, Inc., demonstrated a novel Cellulose Products and Services LLC

technology for closed-loop systems that uses pressurized ozone with dissolved
air flotation and an ultrafiltration membrane in series. This system allows
total dissolved solids (TDS) in process water to be readily converted to total
suspended solids for efficient removal. Contaminated mill process water
thereby can be continually and cost effectively cleaned to the high-quality

Commercialized in 2004 and marketed
by Cellulose Products and Services LLC

Currently installed and operating in a

process water standards required for reuse in the mill. After passing through LINPAC paper plant

the new system, process water is far cleaner and of higher quality than water

from other processes and requires far less energy for reheating than fresh

water. The system reduces the production problems associated with buildup u.s. Energy Savings

of TDS in paper mill operations and provides operational benefits such as (Trillion Btu)

reduced energy needs and fewer chemicals and additives. The system also

results in production and quality gains because of the higher-quality process Cumulative through 2006 2006

water. Because the environmentally friendly system allows paper mills (and 0.945 0.315

other water-intensive manufacturing mills) to operate in a closed loop, effluent

discharge to rivers and waterways is eliminated or drastically reduced. This

new system substantially reduces both effluent discharge and the need for .. .

fresh water. U.S. Emissions Reductions

(Thousand Tons, 2006)
Benefits Particulates SO, NO_ | Carbon

0.0 0.0 0.037 5.0

Environmental

Removes TDS in mill process water, thereby allowing mills to eliminate or
reduce effluent discharge. Eliminates CO, discharges of up to 815 tons a year
for a typical plant operation. Potentially reduces landfill waste by 50% and use Applications

f ing chemicals by $5/ton of duced.
of processing chemicals by $3/ton of paper produce Can be used in the pulp and paper industry

and in other processes such as the food
industry, which require filtration technology

Productivity

Clean process water allows production gains of 5% to 15%. Saves energy costs

due to heating and drying. Reduces chemical additive use. Potentially reduces

downtime in mill process water treatment systems. o
Capabilities

Uses a series combination of pressurized

ozone, dissolved air flotation, and an

ultrafiltration membrane.

Process Water,

Dissolved Organics, . S
and Inorganics Converts dissolved solids in process

water to be readily converted to

suspended solids for efficient removal by
Co, a membrane.
2 Oxygen ) . . Reused
3 + Organics, 5 | Oxidation Water
Ozone 3+ Inorganics
. Oxidized Precipitated | Dissolved Air Flotation
Pregsurlzed Complexes Solids and Ultrafiltration
Zone
Injection
! Coagulation Removed
Solids

Pressurized Ozone/Ultrafiltration Membrane System
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Screenable Pressure-Sensitive Adhesives

Improving Recycled Paper Production Energy Efficiency

Pressure-sensitive adhesives (PSAs) in recycled paper create a number of
problems for the recycling process, including lost production and diminished
product quality. Unlike conventional PSAs, a new adhesive material was
developed at the University of Minnesota, with the assistance of ITP funding,
that is effectively removed from the papermaking process during the furnish
screening process. The new adhesive possesses properties that enhance its
removal without impacting its performance in PSA products.

To develop the new adhesive materials, new screenable PSAs were synthesized

and characterized, and performance measures were created. In addition,
modified adhesive substrates were tested and test methods were designed
to gauge disintegration inhibition of adhesive labels and relative removal
efficiencies of developed polymers. The new adhesives break down into
larger, harder, nontacky particles that are more easily removed through
conventional screening, and the cross linking reactions may be controlled

through external stimuli allowing the reactions to be initiated during

recycling.

The technology was commercialized in 2006 and is the industry’s first 100%

recyclable label. Currently, the Pinnacle Label Company is selling a portion of

their labels under their recyclable label brand utilizing this technology. Using

100% recycled paper stock and a recyclable permanent adhesive, Pinnacle now

has an environmentally friendly product. Pinnacle Label supplies the needs
of its national customer base from its headquarters and production facility in

Buffalo, New York, and other distribution centers around the nation.

Conventional Process

IMPACTS

Overview

Developed by Dr. Steven Severtson of the
University of Minnesota in 2000

Being marketed by H. B. Fuller Company

(www.hbfuller.com)

Commercialized in 2006

Applications

All press-on type labels and sticker products

Capabilities

Allows easier adhesive removal in paper
recycling.

Reduces machine downtime by reducing
jams due to adhesives.

Reduces process chemical needs.

Energy

Benefits
Savings

Improves the energy efficiency of recycled

paper production.

Productivity

Reduces

paper recycling re-manufacture

processing downtime and lowers fiber loss.

Waste Reduction

Allows for the recycling of more post-
consumer paper trash and reduces process
chemical needs.

Gumming

Passes Through
a Screen

No Gumming

Lumps Caught
in a Screen

O,
O,

The Effect of Benign Pressure-Sensitive Labels on Paper Recycling

Paper/Adhesive Repulping Disintegrated
Adhesive
Screenable Process
Paper/Screenable Repulping Nonadhesive
Adhesive Lumps
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Thermodyne™ Evaporator — A Molded Pulp Products Dryer

IMPACTS

Thermodyne Evaporator-A Substantially
Improved Molded Pulp Products Dryer

With assistance from DOE’s Inventions and Innovation Program, Merrill Air
Engineers demonstrated that its Thermodyne dryer outperforms conventional
molded pulp dryers. Unlike other dryers, the Thermodyne dryer reheats water
vapor released from the product being dried to create superheated steam that is
directed onto the material being dried. Conventional paper dryers exhaust this
liberated water outdoors, causing a large visible plume and dumping valuable

Overview

Developed by Merrill Air Engineers
(www.merrillengineering.com)

Commercialized in 1997

One unit operating in Yakima, WA, one
in Ireland, and one in Columbia

heat. The Thermodyne dryer is sealed so internal vapor (moisture) cannot
escape into the insulated dryer walls. The retained water vapor passes through
indirect integral heaters to raise its temperature to a level that allows for .
substantially faster drying rates than if drying in relatively dry air. An absence (Trillion Btu)

of oxygen in the dryer also means the drying temperature can be higher and Cumulative through 2006 2006
the retained water vapor can help protect and evenly dry the material. Fires are 0.274 0.046
prevalent with standard dryers, but lower oxygen levels in a Thermodyne dryer
eliminates this hazard. The released water vapor also helps control internal
temperatures by mixing with the superheated steam, dropping its temperature
to a more desirable level. Finally, the system recovers heat and harmful volatile
organic compounds (VOCs) from the dryer’s condensate, substantially reducing
the amount released into the atmosphere.

U.S. Energy Savings

U.S. Emissions Reductions
(Thousand Tons, 2006)

Particulates SO, NO Carbon

X

Benefits 0.0 0.0 | 0005 | 0724

Productivity

Process promotes easier stacking and wrapping.

Applications

Forest products industry for manufacturing
molded fiber articles and for drying pulp,
wood, cotton, cellulose, or torrefied wood
and wood veneers

Product Quality
The superheated steam-drying environment suppresses oxygen, reducing
the chance of scorching or burning the product under higher and
faster drying temperatures. Other quality enhancements include
less warping reduced case hardening, and no discoloration.

Profitability

Process promotes lower shipping costs and lowers product losses. Capabllltles

Fully capable of replacing conventional
drying systems in the forest products
industry.

Handles a wide variety of forest products
and can be applied to agricultural
applications.

Thermodyne Evaporator—A Molded Pulp Products Dryer
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XTREME Cleaner™ — Removal of Light and Sticky Contaminants

Centrifugal Cleaner Removes Light and
Sticky Contaminants from Waste Paper

Americans now recover 45% of all paper used in the United States. Some
brown paper grades, wax curtain-coated board, polyethylene-laminated paper,
glue-containing magazine backs, and other secondary fiber sources contain
contaminants like “stickies,” wax, polyethylene, and binding glue that either
make recycling impossible or cause an array of operating or product-related
problems. Until recently, the technology for removing the contaminants

was not completely effective. The development of the XTREME Cleaner, a
centrifugal cleaner that replaces conventional dispersion systems in paper mills
using waste paper, was a major breakthrough.

The XTREME Cleaner removes lightweight debris in all types of pulp slurries.
It uses long residence times in a small-diameter cleaner to maximize separating
very small contaminants that are close to the specific gravity of the fiber itself.
Coupled with an advanced design through-flow cleaner such as the XX-Clone™,
in the tailing position, only two stages are needed to minimize fiber loss and
maximize contaminant removal efficiency. The XTREME Cleaner uses 50%
less energy than conventional dispersion systems, resulting in significant cost
savings to paper mills. The cleaner allows paper mills to use lower-grade,
lower-cost furnish without compromising the quality of the final paper product.
Paper mills using the cleaner system have reported savings of $3,500 to $11,000
per day just by using the lower-grade furnish.

Benefits

Environmental

Greatly reduces the amount of waste paper being landfilled. Uses fewer
chemicals and less energy to process recycled paper than does producing
paper from raw wood material.

Productivity

Produces a 40% to 60% reduction in machine breaks or paper breaks,
whichare costly to paper mills due to downtime. Eliminates downtime to
clean sticky contaminant buildup from processing machinery.

Product Quality

Allows paper mills to use a lower-grade, lower-cost furnish while still
producing the same or higher-quality end product. Removes contaminants
so they do not contaminate the final product and cause product rejects.

Accepts
Primary
XTREME
Feed Stock O To Dilution Points
System Losses
4.2% Volume O Rejects to
Secondary Clarifier
0.6% Weight XX-Clone

XTREME Cleaner
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IMPACTS

Overview

Developed by Thermo Black Clawson
(www.kadantjohnson.com)

Commercialized in 1997

11 systems operating in the United States

U.S. Energy Savings

(Trillion Btu)
Cumulative through 2006 2006
1.56 0.183

U.S. Emissions Reductions
(Thousand Tons, 2006)

Particulates SO NO Carbon

0.001 0.039 | 0.029 3.59

Applications

Used in paper mills to recycle waste paper
containing “stickies,” wax, polyethylene,
and binding glue

Capabilities

Effectively removes lightweight sticky
contaminants from all types of pulp
slurries.

Improved kneading, or “liberation”, unit
better detaches and separates impurities
from waste paper fibers.

Improved vortex separation device allows

greater unit capacity, longer treatment
times, and more consistent operation.
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Advanced Temperature Measurement System

New Material Leads to Development
of Improved Monitoring Equipment

Self-validating sensor technology, developed by Accutru with support from ITP,
is based on the ability to measure multiple, mutually exclusive thermoelectric
properties of thermally sensitive materials contained in the tip of the sensor
probe. The sensor probe is constructed like a thermocouple or RTD but is
specially designed so that the thermal response of each element of the sensor
can be monitored using independent combinations with multiple other elements.
The signal conditioner/transmitter multiplexes these measurements and monitors
the health of each individual thermo-element using at least two of its electrical
properties.

This concept makes it possible to continuously monitor and “validate” each

of the measuring elements inside the sensor while it is in service so that no
element can drift without detection. If an individual element begins to drift

or de-calibrate for any reason, the system eliminates the data for that element
while still providing an accurate NIST traceable temperature with the remaining
“healthy” elements. Using information about the number of “healthy” elements
in the sensor, the transmitter then provides the operator or control system with
sensor health status and notifies of impending loss of sensor validation before it
occurs. Therefore an accurate and reliable temperature is reported for the life of
the sensor.

Summarizing the features of this technology:

1) It uses a new concept of monitoring multiple independent measurements of
the system temperature and individual element health,

2) it continuously validates and reports the system temperature,
3) it reports a temperature traceable to a NIST standard for the life of the sensor,
4) it reports the health of the sensor, and

5) it warns in advance of deterioration of any of the sensor elements.

Calibration Insulating Outer Protective
Reference Matrix Ceramic Sheath

| l

qj M

——1
—
——
< ———
A
Primary Temperature Sensor Connector

(shown as thermocouple)

AccuTru Self-Verifying Temperature Sensor
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IMPACTS

Overview

Developed by AccuTru International,
Kingwood, Texas

Commercialized and marketed by
AccuTru
(www.accutru.com)

46 units currently operating in the United
States

Applications

Any thermochemical process where
accurate and repeatable temperature read
out is important:

glass melters and delivery systems
chemical reactors
heat treating

gas turbines

Capabilities

Reliable temperature range: -200°C to
1750°C

Self-validating, while in service for the
life of the sensor

Warning on the onset of decalibration,
predictive maintenance.

Benefits

Optimizing Process Yield

Improved fuel efficiency
Enhanced safety

Extended equipment life

Productivity

90% reduction in QC failures

10% increase in annual yields
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High Luminosity, Low-NO, Burner

IMPACTS

High-Efficiency Burner Lowers Costs and
Emissions in Oxy-Fuel Glass Melters

Glass melters use combustion systems to produce molten glass. While
significant progress has been made in developing oxy-fuel combustion systems,
current technologies provide low flame luminosity and generate relatively

high NO, emissions in the presence of even small mounts of nitrogen in the
combustion process.

With the help of a grant from TP, Combustion Tec Inc., now Eclipse, Inc.,

has developed an innovative burner that increases luminosity and radiant heat
transfer in high-temperature glass furnaces. The burner improves performance
by modifying the fuel prior to combustion and then forming and burning soot
in the flame. The burner increases heat transfer rates while decreasing flame
temperatures to improve furnace production rates and thermal efficiency.

The high-luminosity, low-NO, burner combines a preheating zone with two
combustion zones. First, a small fraction of the natural gas is burned. The
products of this combustion are then mixed with the main supply of natural
gas, resulting in hydrocarbon soot precursors generated in an oxygen-free
heating environment. Next, the preheated natural gas enters the first, fuel-
rich combustion zone in which soot forms in the flame. However most of the
combustion occurs in the second, fuel-lean combustion zone. The burning soot
particles create a highly luminous flame that is more thermally efficient and
cooler than a typical oxy-fuel flame.

o Natural Gas 02
2

Natural ﬂ
Gas Fuel Preheat and Mixing @

High Luminosity, Low-NOX Burner Design

DOE Industrial Technologies Program

Overview

Developed and marketed by Eclipse, Inc.
(www.combustiontec.com)

Commercialized in 2002

Operating in four U.S. plants in 2006

Applications

Existing and new oxy-fuel glass melters.
The largest demand currently exists in the
container, fiber, and specialty glass sectors
of the glass industry

Capabilities

Can be used on new furnaces or retrofit
to older ones.

Improves furnace production rates as a
result of a more than 12% increase in heat
transfer rates.

Benefits

Energy Saving and

Pollution Reduction

The high luminosity burner technology
reduces NO, emissions from glass melters
up to 50% and improves thermal efficiency
up to 20% over traditional oxygen fuel
burners.

Productivity

The improved burner allows cost-effective
compliance with emissions regulations.
The technology also provides flexibility for
compliance in existing furnaces without
major modifications.

Reliability

The technology produces a lower flame
temperature and lower exit temperatures,
which could extend the furnace life.
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Process for Converting Waste Glass Fiber into Value-Added Products

New Process Reduces Glass
Fiber Waste Stream to Landfills

Solid wastes are generated at glass fiber manufacturing facilities. With the
help of a grant from the Inventions and Innovation Program, Albacem, LLC,
developed a new process that converts these waste streams into VCAS™
(vitrified calcium alumino-silicate) pozzolans that can be used in cement and
concrete applications. This technology can help divert up to 250,000 tons per
year of discarded glass fiber manufacturing wastes for use in the concrete
construction industry. This technology can also be used for processing glass
fiber waste materials reclaimed from existing landfills at manufacturing
facilities. Both sources can help supply over 500,000 tons per year of glass
fiber waste for processing into value-added products.

In the new process, waste glass fiber is ground to a fine powder that effectively
functions as a reactive pozzolanic admixture for use in Portland-cement-based
building materials and products, such as concrete, mortars, terrazzo, tile, and
grouts. Because the waste fiber from the glass manufacturing industry is
vitreous, clean, and low in iron and alkalis, the resulting pozzolan is white and
highly consistent in chemical composition. This white pozzolan is especially
suited for white concrete applications, providing increased long-term strength
and improved long-term durability. This new pozzolan is being manufactured
and marketed by Vitro Minerals, Inc. While this additive is targeted towards
white concrete applications, it can also be applied to other concrete applications
where environmental benefits are desired.

Conventional Process

Glass Fiber Glass Landfill
Manufacturing Waste
Tile
New Technology
Glass Fiber Glass Conversion White
Manufacturing Waste Technology Concrete

Grout

Glass Waste Conversion Process
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IMPACTS

Overview
Developed by Albacem, LLC
Commercialized and marketed by Vitro

Minerals in 2006
(www.vitrominerals.com)

U.S. Energy Savings

(Trillion Btu)
Cumulative through 2006 2006
0.070 0.070

U.S. Emissions Reductions
(Thousand Tons, 2006)

Particulates SO, NO Carbon

X

0.0 0.0 0.008 1.11

Applications

Waste streams in the glass fiber industry

Replaces part of the cement used in
concrete

Capabilities

Decreases water used to cure concrete.

Imparts white color to concrete.

Benefits
Energy Savings

Decreases the amount of cement used in
concrete and the amount of water needed to
cure concrete while imparting white color to
the concrete.

Environmental
Reduces carbon footprint of product when
used as a cement additive.

Waste Reduction

Reduces the waste stream from current
glass fiber manufacturing and reclaims
glass fiber waste from old landfills.
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Metal Casting
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Ceramic Composite Die for Metal Casting

New Ceramic Composite Materials
to Produce Superior, Low Cost Dies

Metalcasting, a major U.S. industry, has long been hampered by the high cost
and short life of casting dies. Steel dies often fail prematurely due to metal
fatigue cracking, corrosion, erosion, oxidation, heat checking, and soldering
when the dies are exposed to molten metals while operating under cyclic-
mechanical and thermal loading.

For some applications, coatings are applied to protect the die from the damage
inflicted by molten metals. However, these coatings can fail prematurely and
tend to interfere with the welding and polishing operations needed during
reworking and correcting damages in the die.

With assistance from DOE’s Inventions and Innovation Program, the Materials
and Electrochemical Research Corporation has developed ceramic composite
materials as an alternative to conventional material used in forming casting
dies. Ceramic composites can deliver proven stability to molten metals and
are resistant to corrosion, erosion, oxidation, thermal fatigue, and cracking.

In addition, lower-cost hybrid composites in the nitride/nitride carbide family
have the potential to last up to 10 times longer than coated steel dies with
significantly lower weight. These new composites are expected to reduce

the cost of many products fabricated in the United States and create stronger
competitiveness in the domestic metalcasting industry.

Benefits
Productivity

The composite dies weigh approximately one-third less than traditional tool
steel dies. The weight reduction saves time in production by eliminating some
of the mechanical moving equipment.

Waste Reduction

The longer life of ceramic dies reduces the amount of waste produced by failed
tool steel casting dies. The ceramic dies also produce fewer casting rejections,
reducing the energy needed to recycle the rejected castings.

IMPACTS

Overview

Invented by the Materials and
Electrochemical Research Corporation
(Www.mercorp.com)

Commercialized in 2002

Installed in several U.S. locations

Applications

Dies for metal casting, including
replacement dies that are currently tool steel

Capabilities
Offers resistance to corrosion, erosion,

oxidation, thermal fatigue, and cracking
thus improving product quality.

Provides stability when exposed to
molten metals.

2 to 5 times harder than tool steels,
resulting in 5 to 10 times longer useful
die life.

Re-impregnate with

Pressure and low heat
to thermoset polymer

Fibers

Grind/
machine to

Mix final shape

—

Preceramic
Polymer

near-net shape

Ceramic Composite Die Forming Process
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preceramic polymer to
reduce matrix porosity

Optional surface
coating with
TIN/TICN

Finished lightweight ceramic
composite die
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CFD Modeling for Lost Foam White Side

IMPACTS

New Modeling Program Provides
Higher Quality Lost Foam Molds

The lost foam casting process produces clean, high-quality castings with close
tolerances. The most important advantage is that no cores (with binders) are
required. One challenge in lost foam casting is maintaining the uniformity
and quality of the expandable polystyrene (EPS) pattern. This has often been
the cause of defects in casting. An estimated 80% or more of lost foam defects
can be attributed to the pattern, or the so-called white side. Foam molds are
complex, and beads must flow through complex passages to completely fill the
mold. The process is further complicated by the expansion of the beads.

General Motors Powertrain and others in the metal casting industry have
successfully used advanced computational fluid dynamics (CFD) tools to
improve foundry processes. These efforts have yielded significant cost savings
and improvements in the casting processes. The industry has recognized that
mathematics-based tools are needed to design and build consistent, quality EPS
patterns for lost foam casting.

Arena-flow, LLC in conjunction with the American Foundry Society, ITP,

and the metal casting industry have extended existing flow modeling software
to simulate the air-driven blowing of pre-expanded beads into a mold, and

the subsequent steaming (expansion) of beads as they form a lost foam
pattern. They developed a CFD tool for improving design and development of
expandable polystyrene patterns for lost foam castings.

Expandable Polystyrene Pattern Volume Fraction
During Filling of a General Motors Test Box
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Overview

¢ Invented by Arena-flow, LLC and
marketed by CPFD Software, LLC
(www.cpfd-software.com)

¢ Being used by 2 U.S. manufacturers in 3
locations

Applications

@ Modeling fluid/particle applications for
mold creation in the lost foam casting
industry

@ Technology applied to analysis of other
industrial fluid/particle processes,
including cyclones or fluidized bed
reactors

Capabilities
¢ Provides visualization of the mold by

using CFD modeling prior to the mold
creation.

¢ Optimizes pattern quality as affected by
fill guns, beads, and tool venting.

Benefits

Productivity
Results in fewer casting defects, requires no
cores, and produces higher-quality castings.

Waste Reduction

Reduces casting defects on the white side
caused by pattern difficulties.
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Die Casting Copper Motor Rotors

Die Casting Copper Technique Improves
Energy Efficiency of Electric Motors

Though it conducts electricity less efficiently than copper, aluminum is the
industry’s preferred fabrication material in electric induction motor rotors.
Traditional tool steel casting molds suffer thermal shock, shortening mold

life and increasing operating costs when used for die casting copper rotors.
ThermoTrex Corporation, with the assistance of a NICE? grant, proposed a
process for copper die casting using molds from high-temperature, thermal
shock-resistant materials. The copper industry successfully tested these mold
materials for copper die casting at higher temperatures (copper melts at 1083°C,
aluminum at 660°C).

The copper die-casting technology developed by the copper industry is now
in commercial use. The process replaces the tool steel molds used for the
aluminum die casting with molds made from high-temperature die materials.
In addition, the new process preheats the die inserts, reduces the temperature
differential between the mold surface and the cooler interior, and avoids mold
failure from thermal shock and thermal fatigue.

In 2003, SEW Eurodrive of Bruchsal, Germany, was the first company,
worldwide, to bring the technology to market. A line of high-efficiency

gear motors (1.1-5.5 kW) use copper rotors at a competitive price. Although
traditional high-efficiency motors are larger than standard motors, gear boxes
using copper rotor technology provide efficiency without increasing motor
size. In 2004, FAVI S.A., a major French supplier of copper and copper alloy
die castings, began offering custom-designed, copper-based rotors for squirrel-
cage electric motors in sizes ranging from fractional to 100 hp. Siemens
Corporation began commercial production and sales domestically in 2006 in
the 1 to 20 hp range.

Squirrel-Cage Motor with Die Cast Copper Rotors
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IMPACTS

Overview

Invented by the ThermoTrex Corpora-
tion and commercialized by the Copper
Development Association
(WWW.COppEer-motor-rotor.org)

Marketed by SEW Eurodrive, FAVI S.A,
and Siemens Corp. with more than 52,000
in use in the U.S. in 2006

U.S. Energy Savings

(Trillion Btu)
Cumulative through 2006 2006
0.051 0.029

U.S. Emissions Reductions
(Thousand Tons, 2006)

Particulates SO, NO_ | Carbon
0.0 0.006 [ 0.005 [ 0.570
Applications

Electric motors are used throughout U.S.
industry and account for more than 60% of
all electricity use in the nation. The annual
market for electric motors totals about $35
billion internationally and about $10 billion
in the United States.

Capabilities

Reduces electric motor total energy loss by
15% to 20%.

Decreases operating costs compared with
conventional motors.

Benefits
Productivity

The new technique reduces production
time and hand labor compared with former
methods of producing copper motor rotors.

Profitability

Motors using copper rotors decrease
operating costs compared with conventional
motors.
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Improved Magnesium Molding Process (Thixomolding)

IMPACTS

Improved Die Casting Process Substantially Overview
Reduces Energy, Waste, and Operating Costs Developed by Thixomat, Inc.

Traditionally, die-cast molding results in product yields of 50% and creates (www.thixomat.com)

waste — scrap, slag, and dross. The Thixomolding process, developed and
demonstrated by Thixomat, Inc., with the help of a NICE? grant, improves
product yields to 90% while eliminating waste and loss of product to melting.
The process is worker and environmentally friendly and can be integrated
into automated manufacturing processes to produce metal and metal/plastic

More than 50 Thixomolding licensees in
2006.

U.S. Energy Savings

assemblies.

(Trillion Btu)
In Thixomolding, room-temperature magnesium chips are fed through a Cumulative through 2006 2006
volumetric feeder into the back end of a heated barrel that contains an argon 0.005 0.004

atmosphere to prevent oxidation. Within the barrel, a rotating screw propels the
material forward as the screw retracts. Resistance heaters on the outside of the
barrel, arranged in 10 separately controlled zones, heat the material to the semi-
solid region (approximately 560°C to 630°C). Once the magnesium is heated, U.S. Emissions Reductions
the screw rotation provides the necessary shearing force to divide the dendrites

from the root solid particles. This action creates a thixotropic slurry consisting (Thousand Tons, 2006)
of spherical solid particles in a continuous liquid matrix. The slurry is forced Particulates SO, NO_ [ Carbon
through a non-return valve and into the accumulation zone. When the proper 0.0 0.0 0.0 0.064
amount of slurry is in front of the non-return valve, the screw proceeds forward
at a speed of 1 to 5 m/s, forcing the metal into a preheated metal mold to
produce a net or near-net shape part requiring few, if any, secondary operations.
The process offers numerous cost advantages over other production methods, App"cations
including higher yield, increased die life, lower utility costs, consistency of
process, tighter dimensional tolerances, and improved manufacturing agility.

Automotive, electronics, communications,
and hand tool industries

Benefits i
Capabilities
Cost Savings Produces thinner, lighter, and stronger
Reduces operating costs by 20%. parts than possible with engineered

plastics.

Environmental
Significantly reduces pollutant emissions and eliminates the use of sulfur
hexafluoride. Eliminates slag and dross and their disposal problems.

Provides excellent dimensional stability
(0.001 mm/mm), low porosity, tighter
part tolerances, minimum shrinkage
(0.5%), low residual stress, and virtually

Waste Reduction no component distortion.

Reduces scrap that must be recycled and subsequently reheated by 50%.

Chipped Raw
Mat.erials

Band Heater Slurry
Volumetric Temperature
Feeder Barrel |Screw (560-630°C)
Argon
Atmosphere

Rotary Drive (H:
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Improvement of the Lost Foam Casting Process

IMPACTS
Improved Process Reduces Energy Use, Waste and Overview
Emissions, While Lowering Product Defects and Costs Developed by General Motors
Casting is an energy-intensive manufacturing process within the metal Corporation
casting and aluminum industries, requiring natural gas to melt aluminum (www.gm.com)
and electricity to run equipment. The higher-than-acceptable faults and o )
scrap rates in the lost foam casting process for the complex L61 engine Commercialized in 2004
previously resulted from the inability to control and measure refractory )
coating thickness and to control particle size and the shape of the unbonded Employed at 3 General Motors casting
sand. Remelting defective castings adds to overall energy costs, emissions, facilities
and use of resources.
The lost foam casting process starts with a foam pattern of the desired end- Us. Energy Savmgs
product made out of polystyrene beads. The foam pattern is coated with a (Trillion Btu)
thin refractory film and placed into dry, unbonded sand that is compacted Cumulative through 2006 2006
by vibration. Molten metal, poured into the sand casting, evaporates and 147 0.489
replaces the foam, producing a metal casting that is nearly identical to the
foam pattern. The foam vapor passes through the pores in the refractory
coating and the sand. This process enables the joining of several components
:;ist:ril?b? single casting, thereby reducing downstream machining and U.S. Emissions Reductions
¥ (Thousand Tons, 2006)
With the assistance of a NICE3 grant and the New York State Energy Particulates SO, NO_ | Carbon
Research and Development Authority, General Motors Corporation has 0.001 0.045 | 0.066 256

developed tools to precisely measure dried coating thickness and pore size
distribution, more accurately measure the size and shape of sand used in
casting, and better understand the rheology of coatings. Rheology affects
both coating thickness and uniformity on foam patterns. Coating thickness App"cations
controls the permeability of gaseous expanded polystyrene by-products,
which is directly related to casting defects such as porosity and folds
Therefore, measuring the rheological properties of the lost foam coating is
critical to minimizing casting defects.

Metal casting and aluminum industries

Capabilities
Significantly reduces aluminum and
Benefits sand scrap rates during production of the
complex General Motors L61 engine.
Cost Savings
Reduces costs for polystyrene beads, glue, coating, sand, aluminum,
cleaning media, and labor by $900,000 to $1.5 million annually.

Environmental
Reduces harmful incinerator emissions and sand waste by 2.2 to 3.5 tons
a year.

Product Quality
Improves product quality 5% to 8% over conventional lost foam casting
and significantly reduces scrap rates.
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Low Permeability Components for Aluminum Melting and Casting

IMPACTS

New Low Permeability Coating Improves Durability
and Life of Aluminum Casting Components

Materials for low-pressure casting operations typically have limited
lifetimes. New, optimized coatings for ceramics and refractory components
have been developed by Pyrotek, Inc., Oak Ridge National Laboratory, and
the University of Missouri with support from a DOE ITP grant. The new
materials exhibit low permeability to gases for applications involving low-
pressure casting and contact with molten aluminum. The products treated
with this new technology will have improved coatings, functionally graded
materials, and monolithics that will hold gas pressure.

The new materials include enhanced combinations of properties, including
resistance to thermal shock, erosion, corrosion, and wetting. As these
materials are successfully deployed in aluminum smelting and casting
operations, their superior performance and durability will achieve marked
improvements in uptime, defect reduction, scrap/rework costs, and overall
energy savings.

Initial applications of this technology, labeled “XL” glaze, include riser tubes
in low-pressure die casting of aluminum products. The reduced porosity of
the new ceramic coating material improves the component’s air tightness,
which reduces tube failures. Testing shows that the improved tube coatings
increase the life of the component 3-4 times the standard, depending on the
application and coating material. Additional work is underway on a castable
material system that will incorporate the benefits of the “XL” coating in the
cast material itself. This product is expected to increase component life by
up to 7 times the standard.

=] ]
< Mold Cavity
[_n
| |
< Riser Tube
Gas Gas
Pressure IPressure
< Molten Metal
< Crucible

Aluminum Casting Riser Tube with Pyrotek’s Low-Permeability Coating
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Overview

Developed by Pyrotek, Inc.
(www.pyrotek-inc.com)

Commercialized in 2005

Applications

Aluminum casting and chemical reaction
processes where riser tube and other
material flow components are subject to
extreme temperatures or caustic chemical
streams and replacement of process

components is costly and time-consuming

Capabilities

Extends tube component life 3-4 times.

Increases component reliability.

Benefits
Energy Savings

Eliminates reheating energy by reducing
waste.

Productivity
Reduces production downtime because
components have longer lifetimes.

Product Quality

Increases the life of process components.
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Rapid Heat Treatment of Cast Aluminum Parts

IMPACTS

Automated In-Line Fluidized Bed Aluminum Heat Treatment Overview
System Improves Efficiency and Reduces Pollution # Developed and commercialized by

Arizotah Global Enterprises, LLC

Arizotah Global Enterprises, LLC, in conjunction with the U.S. Department )
(www.rapidheattreat.com)

of Energy’s NICE? Program and the Minnesota Office of Environmental
Assistance, has developed a system that reduces up to 90% of the time and
energy required to heat treat cast aluminum components.

¢ Commercialized in 2006

¢ 1 unit operating in the United States in

Unlike existing technologies where components are stacked in baskets and 2006

placed in a convection or vacuum furnace, this process uses a fluidized bed
in a continuous process mode. Because each component is individually
heated in the fluidizeq bed, the compqnents reside in the bed only as long as Appll cations
necessary, thus reducing the process time.

The wrought and cast aluminum heat
The technology offers additional benefits by using microprocessor-controlled treatment industry.
pulse-fired burners. These burners allow for precise temperature control that
reduces rejection rates and increases product consistency. The fluidized bed
also allows the casting sand that is traditionally disposed of to be captured pgs
and reused. The sand can then be recycled in the fluidized bed and removed Ca pabllltleS
for use in new castings. ¢ Allows for short-cycle heat treating of

aluminum castings and forgings.

B fit ¢ Brings the heat treating process into
enerits the production flow with the forming

Energy Savings operation.
Substantially increases energy efficiency, reducing heat treating energy
use by up to 90%.

Process Productivity
Reduces the number of personnel required for loading, unloading, and
transfer, and eliminates the disposal of sand contaminated with binders.

Product Quality

Reduces component rejection rates and improves product performance,
while simultaneously reducing the amount of aluminum needed

to achieve performance standards. Eliminates problems of media
dispersion into the facility and volatility in the heat chamber.

Robot ﬂ]ﬂ]

Product raised into [ﬂﬂ] >
robot and ready

for transport into ﬂ
heat treat bed & %

Product in D] ﬂ ﬂ ﬂ ﬂ

load position

Age Bed

Quench Tank

Automated Fluidized Bed Heat Treatment System
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Simple Visualization Tools for Part and Die Design

IMPACTS

New Software Program Helps Detect
Potential Design Problems in Die Casting

With funding from DOE and the North American Die Casting Association
(NADCA), a software program has been developed that offers a simple
qualitative method to visualize potential design problems in die casting.
CastView™ is a PC-based modeling program for die casting flow simulation.
It is based on a qualitative analysis of part geometry that yields extremely fast
analysis times. The program uses imported STL files so a solid model does
not have to be constructed. The user can select gate sizes and locations, and
the program provides a visualization of how the die cavity fills. A typical
analysis can be made in a matter of minutes, making multiple iterations quick
and manageable. A “thickness” feature allows the user to find the thickest and
thinnest sections of the casting geometry quickly and visualize the first and
last area to solidify.

Using a standard computer interface and intuitive viewing controls, CastView
points casting and die designers to the potential problem areas they may want
to focus on using a more detailed, mathematically-based simulation program.

CastView is an excellent front-end complement to the commercially available,
mathematically-based computer modeling programs.

Benefits

Energy and Environmental Savings
Process scrap can be reduced by 20% or more, resulting in increased yield and
saving the energy formerly wasted producing defective parts.

Productivity
By promoting compatibility between die casting part and die design, part
development lead-time and tryout/setup time can be reduced significantly.

Profitability

Detecting problems early in the process enables the die caster to negotiate a
modification of the part geometry with the part designer to achieve a more
castable part.

CastView Pattern
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Overview

¢ Commercialized by the North American
Die Casting Association
(www.diecasting.org)

¢ Commercialized in 1999

¢ 144 units sold to date

Applications

CastView can be used in the die casting
industry by both designers and die casters
to visualize, identify, and resolve potential
die casting design problems while still in
the design stage

Capabilities

¢ Improves communications between die
casters and designers.

¢ Allows quick evaluations of a large
number of design alternatives.

¢ Locates and displays thick and thin
sections in the die.

¢ Minimizes flow-related filling problems.

¢ Minimizes thermal problems in the
casting die.

¢ Minimizes solidification-related defects
in the cast part.

¢ Allows more and easier to use controls
for the rotation of the part for all views.

¢ Provides functions to test for bad STL
files thus eliminating many problems
associated with bad data.

¢ Includes print and save functions so that
the analysis results can be recorded as
bitmaps for use in other programs and
documents.

¢ Includes an expanded animation function
that includes slice mode animation
allowing operator to automatically
produce a sequence of slices through the
part.
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Titanium Matrix Composite Tooling
Material for Aluminum Die Castings

Innovative Material Saves Energy and Extends
Product Life In Aluminum Die-Casting Components

In aluminum die-casting, molten aluminum is forced under high pressure
into a die cavity. Firsta “shot” of molten aluminum is ladled into a shot
sleeve and the shot of molten aluminum is forced by a plunger through the
shot sleeve into the die cavity. Shot sleeves are subject to severe conditions.
For example, impingement of the shot can cause erosion at the surface across
from the pour hole, and delivering and then expelling the shot can subject the
shot sleeve to cyclical heating.

Currently, H-13 tool steel is used to fabricate shot sleeves and other
aluminum die-casting components. However, the useful life of H-13 is
limited because molten aluminum adheres (called “aluminum soldering”) to
the surface of the steel, eventually causing the sleeve to fail. Also, H-13 has
poor resistance to heat checking, thermal fatigue, erosion, and distortion. The
poor performance of H-13 results in frequent shot sleeve replacements.

With the help of a NICE? grant, Dynamet Technology, Inc., developed
CermeTi®, a titanium-alloy metal matrix composite material that is used as a
liner inserted into an H-13 shot sleeve. This new technology has significant
advantages over the conventional technology, especially in its resistance

to aluminum soldering and erosion. In addition, the reduced thermal
conductivity of the CermeTi liner reduces heat loss during the injection
phase of the casting process. Slower cooling permits the use of lower
pouring temperatures (less preheat energy) or slower plunger-tip speeds (less
turbulence or surface impingement problems within the die). As a result, the
useful life of the shot sleeve is dramatically improved, reducing downtime,
improving product quality, and saving energy.

Shot Sleeve
Molten Metal

Out to Die

Molten Metal CermeTi Liner

Out to Die

Molten Metal Input

CermeTi Liner

Aluminum Die-Casting Shot Sleeves with CermeTi® Liners
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IMPACTS

Overview

Developed by Dynamet Technology, Inc.
(www.dynamettechnology.com)

Commercialized in 2005 and being used
by 20 die-cast machines in the U.S.

U.S. Energy Savings

(Trillion Btu)
Cumulative through 2006 2006
0.019 0.010

U.S. Emissions Reductions
(Thousand Tons, 2006)

Particulates SO, NO_ | Carbon
0.0 0.0 0.001 0.159
Applications

Metal casting applications currently using
H-13 shot sleeves, including squeeze
casting, conventional die-casting, and semi-
solid processing.

Capabilities
Enhances thermal shock resistance
through excellent resistance to aluminum

soldering and lower thermal conductivity
than H-13 steel.

Reduces the tendency of premature metal
solidification that impedes the flow of
molten metal needed to feed the casting

properly.

Benefits

Cost Savings
Reduces total process costs by 3%.

Productivity

Extends sleeve life by 4 to 10 times over
H-13 steel, reduces downtime as a result of
fewer shot sleeve changeovers, and enables
longer plunger tip life.
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Fibrous Monoliths as Wear-Resistant Components

New Composite Material Improves the
Cost/Performance Ratio of Drill Bits

Advanced Ceramics Research (ACR) led a collaborative effort of component
manufacturers, end users, a national laboratory, and universities to develop
fibrous monoliths (FMs) for mining applications. ACR licensed the
technology to Smith Bits of Houston, Texas, one of the world’s largest oil and
drill bit manufacturers. Smith Bits demonstrated nearly a 3 to 1 oil drilling
performance increase using FM technology compared with state-of-the-art
diamond-coated drill bits. ACR also started a joint commercialization program
with Kyocera Corporation to apply FM technology to industrial cutting tools.

Smith Bits uses the FM composites in Cellular Diamond™ inserts for drilling
and high-impact applications. FMs are produced using a simple process in
which sets of inexpensive, thermodynamically compatible ceramic and/or metal
powders are blended with thermoplastic polymer binders and then co-extruded
to form a green fiber. The green composite fiber is extruded and thermoformed
into the shape of the desired component, pyrolyzed to remove the polymer
binder, and consolidated at ultrahigh pressure and temperature to obtain the
final FM product. The new FM manufacturing process produces ultra-hard
inserts for roller cone bits.

Closeup of Fibrous
Monolith Microstructure

<! mﬁv
@03%“0

~ANNAYY

O Detail of Blowup

Roller Cone Drill Bit

Roller Cone Drill Bit with Fibrous Monolith Inserts
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IMPACTS

Overview

Collaboratively developed by a
collaboration of a national laboratory,
universities, and private companies led
by Advanced Ceramics Research, Inc.

Currently licensed to Smith Bits, a
subsidiary of Smith International, Inc.,
for use on drill bits
(www.smithbits.com)

Applications

Wear-resistant components for drilling

Capabilities
FM composites have very high fracture

energies, damage tolerance, and graceful
failure.

Benefits
Energy Savings

Reduces energy consumption by more
efficient use of the drill machinery and less
downtime.

Productivity

Increases the cost/performance ratio of wear
materials and components and increases
employee output.
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IMPACTS

Horizon Sensor™

Remote Sensing Cuts Coal and
Other Minerals More Efficiently

Future mining will be from deeper and thinner seams; profiles of deep coal
seams reveal multiple levels of coal and sediment strata or layers. Some of
these layers contain greater levels of pollutants than others, which results in
more effort to clean the coal once it is removed from the ground and more
emissions when it is burned for fuel.

With the aid of a DOE grant, Stolar Horizon, Inc., developed the Horizon
Sensor to distinguish between the different layers of coal. Miners can use this
technology at remote locations to cut only the clean coal, resulting in a much
more efficient overall process. The sensor, located inches from the cutting bits,
is based on the physics principle of resonant microstrip patch antenna (RMPA).
When it is in proximity of the rock-coal interface, the RMPA impedance varies
depending on the thickness of uncut coal. The impedance is measured by the
computer-controlled electronics and then is sent by radio waves to the mining
machine. The worker at the machine can read the data via a graphical user
interface, which displays a color-coded image of the coal being cut, and direct
the machine appropriately.
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Functions Performed by the Horizon Sensor Mounted
on the Cutting Edge of a Continuous Mining Machine
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Overview

¢ Developed by Stolar Horizon, Inc.
(www.stolarhorizon.com)

¢ Commercialized in 2002

¢ Used in 10 different mines within the
United States

U.S. Energy Savings

(Trillion Btu)
Cumulative through 2006 2006
0.210 0.020

U.S. Emissions Reductions
(Thousand Tons, 2006)

Particulates SO, NO_ | Carbon
0.0 0.004 | 0.003 0.403
Applications

Both underground and surface mining
operations. This technology is primarily
used in the coal industry but is also used to
mine trona and potash.

Capabilities

¢ Improves the quality of coal extracted
from mines.

¢ Allows for deeper mining.

¢ Is used remotely for miner safety.

Benefits
Productivity

Extracting only desired material increases
productivity by reducing or eliminating

the cleaning step after extraction. This
technology also allows for deeper mining,
resulting in more material obtained from
one location. Also, keeping the cutting bits
out of rock results in longer bit life.

Safety

The remote sensing tool allows workers

to operate the machinery away from the
hazards of cutting coal, including noise, dust
and gases, and coal and rock splintering

and outbursts.
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Imaging Ahead of Mining

Radio-Imaging Method (RIM™)
Improves Mine Planning and Products

Coal mining is becoming more difficult as machines must extract the coal
from deeper, thinner, and more geologically complex coal beds. This type of
mining also includes the need to reduce risk and costs.

To address these mining issues, Stolar Horizon, with support of a DOE grant,
redesigned and improved a technology developed twenty years ago. The
Radio-Imaging Method (RIM) uses wireless synchronization between a
transmitter and remote imaging receiver to detect geologic formations up to
1,800 feet ahead.

In layered sedimentary geology, a natural coal seam waveguide occurs
because of the 10:1 contrast in conductivities between coal and surrounding
materials. The electromagnetic wave sent by RIM through the rock reacts
to these properties with a detectable change in magnitude because it is very
sensitive to changes in the waveguide geology.

The information from RIM can be used to produce an image that maps out
the dikes, faults, and paleochannels for more targeted mining. Areas of high
signal loss represent geologic anomalies and can be imaged to high resolution
using tomographic reconstructions similar to CAT scans.

Benefits
Productivity and Profitability

In mining, forward imaging with confirmation will reduce the risk of
interrupting production because of adverse geologic conditions. When RIM is
integrated into the planning of underground mining, forecasting production can
improve 10 percent, which in turn increases profits.

RIM
Receiver Anomaly

SYNC Pattern
Recei
eceiver SYNC

Transmitter

In-Mine RIM Detection System
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IMPACTS

Overview

Developed by Stolar Horizon, Inc.
(www.stolarhorizon.com)

Commercialized in 2002

Used in 17 different mines in the United
States through 2006

U.S. Energy Savings

(Trillion Btu)
Cumulative through 2006 2006
4.33 0.351

U.S. Emissions Reductions
(Thousand Tons, 2006)

Particulates SO, NO_ [ Carbon
0.002 0.076 [ 0.057 | 6.90
Applications

Both underground and surface mining
operations. This technology is primarily
used in the coal industry but has also

been used for metalliferous mining,
environmental research, and civil
engineering applications. Additionally, it
has been used to confirm the location of old
and abandoned mine works and the integrity
of barrier pillars.

Capabilities
In-mine RIM detects ore seams and

geologic anomalies.

Crosswell RIM delineates ore bodies,
monitors heap leaches, and detects voids
in coal seams.

Drillstring radar for navigation detects
voids and confirms geologic anomalies.
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Lower-pH Copper Flotation Reagent System

IMPACTS

New Reagent System Improves Recovery, Reducing
Energy Use and Air Emissions in the Mining Industry

In the mining industry, flotation is a process that concentrates minerals from
their ores prior to metal recovery. Current practice uses slurry pHs in excess
of 10, achieved by adding burnt lime (CaO). However, lime production is an
energy-intensive process that releases large quantities of carbon dioxide into
the atmosphere.

Furthermore, lime has several undesirable properties once it is in the
flotation circuit. Lime produces scaling in piping and equipment, requiring
the use of descaling reagents. It flocculates fine material and may occlude
fine copper-sulfide particles. Lime increases the viscosity of the mineral
slurry and tends to hinder aeration, slowing flotation kinetics. In addition,
the calcium ion also has been shown to decrease recoveries of lead and
molybdenum-sulfides and to reduce the recovery of free gold.

A new reagent system, developed by Versitech Inc., with assistance from
DOE’s Inventions and Innovation Program, recovers copper minerals at a
much lower pH than conventional reagents and avoids floating pyrite. The
process reduces or even eliminates both the lime used in copper flotation and
the accompanying carbon dioxide. The result is immediate cost, energy, and
environmental savings along with improved recovery of copper and other
minerals.

Benefits

Cost Savings
Reduces annual operating costs in a 50,000 ton per day plant by $1.3 million.

Productivity

Improves mineral recovery in the mill

flotation processes and decreases

the amount of waste rock. Motor

Collection

Overview
Developed by Versitech, Inc.

Commercialized in 2005

U.S. Energy Savings

(Trillion Btu)
Cumulative through 2006 2006
1.95 0.973

U.S. Emissions Reductions
(Thousand Tons, 2006)

Particulates SO NO Carbon

0.004 0210 [ 0157 [ 191
Applications

Mining processes currently using a lime
additive in the separation process

Capabilities
Reduces or eliminates lime and de-

scaling reagents.

Increases the amount of copper recovered
per ton of mined ore.

s 2 \NO ODDl Feed

Tails
Copper Flotation Reagent System
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Wireless Telemetry for Mine Monitoring
and Emergency Communications

Replacing Communication Cables Improves
Safety, Efficiency, and Cost of Mining

The hard-wired systems currently used in mining to transmit production
data, environmental monitoring data, and voice signals to the surface are not
reliable in emergency situations because of shifting debris or other hazards.
To solve these critical problems, a wireless, through-the-earth telemetry
system, TeleMag, was developed with the assistance of DOE’s Inventions
and Innovation Program. The TeleMag system eliminates the need for wire
connections between the surface and mining sites underground.

Additional funding was provided by a grant from ITP to develop a multiple
repeater system, ComCell, which provides coverage for handheld wireless
radios throughout an underground mine, tunnel, large building, parking garage
or other structure where radio communication is difficult to maintain. The
system is easily wired. Multi-mode interface provides optional connections

to computer networks, telephones systems, the Internet, security systems, etc.
The master control module provides central control and automatically directs
all functions of the system. ComCell can be wired to the surface or interfaced
with the TeleMag system. Feedback from installations indicates that the
technology is a significant source of cost and maintenance savings.

-

DNVY

2

f

Wireless Telemetry Communication System
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IMPACTS

Overview

Invented by Transtek, Inc.
(www.transtekcorp.com)

Commercialized in 1998

As of December 2006 four customers are
using 30 units in non-coal U.S. mines

Applications

Both systems are useful for all mining
situations and other underground work

ComCell is applicable to steel-reinforced
buildings, tunnels and transit systems

Capabilities
Both systems increase communications
capabilities among personnel under-
ground providing greater flexibility and
mobility in communications.

ComCell is not limited by line-of-sight
transmission patterns.

ComCell relays signals throughout the
covered area, penetrating around corners
and the UHF frequency band offers
excellent signal strength

Benefits

Cost Savings

Reduces costs by up to 25% by eliminating
the need to purchase, install, and maintain
communication cables. Reduces unplanned
downtime, thereby also saving costs.

Worker Safety and Health

Increases the safety and acceptability of
coal mining as an energy source, thereby
augmenting the energy supply. Improves
safety by the system’s ability to provide
uninterrupted communications.
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Aluminum Bronze Alloys to Improve Furnace Component Life

IMPACTS

Improved System Increases Steelmaking Furnace Overview
EffICIGHCy, Safety’ and PI"OdUCtIVlty Developed by AmeriFab, Inc. in 2002

(www.amerifabinc.com)

Hoods, roofs, and sidewall systems in basic oxygen furnaces (BOFs) and
electric arc furnaces (EAFs) enable effluent gasses in excess of 3000°F to be
properly captured, cooled, and processed prior to delivery to the environmental
control equipment. Traditionally, these carbon steel components have been
considered standard “repair and replace” items by the industry. During the
steelmaking process, large amounts of waste heat, particulates, and waste gases
are generated in the furnace. The interaction of these waste streams with the
carbon steel components of the furnace can result in metal failure from erosion,

Commercialized in 2004

Components being used on a BOF in Ohio

U.S. Energy Savings

corrosion, and thermal stress cracking. (Trillion Btu)
Cumulative through 2006 2006
With ITP support, the Energy Industries of Ohio, Oak Ridge National 0.033 0.017

Laboratory, Republic Engineered Products, and Amerifab Inc. developed
and installed several components of a BOF with aluminum bronze alloy
material. Replacing carbon steel components with those manufactured from
aluminum bronze alloy reduces metal failure, increases productivity, improves U.S. Emissions Reductions
operating safety, and reduces energy consumption in the steel making process.

Additionally, slag from the steel making process does not adhere to the (Thousand Tons, 2006)

aluminum bronze alloy, which eliminates all cleaning time, equipment damage, Particulates SO, NO_ | Carbon
and operational difficulties associated with the accumulation of slag on the 0.0 0.0 0.002 | 0264
skirt.
Benefits Applicati
Environmental pplications
Reduces chance of air permit violations associated with improper skirt The technology is applicable for BOF/EAF
positioning in suppressed combustion furnaces, thereby optimizing primary hood, roof, and side wall systems that are
capture of vessel emissions. exposed to aggressive heat, particulate, and
corrosive waste gas from the steelmaking
. Fluxes Fumes to
Productivity and Environmental process.
Reduces maintenance Coolant Control
on skirts, chutes, hoods, pegs
and other water-cooled W Cooled Capablhtles
steel furnace components. <« F&:ltle;e- H(:)(;)g Provides superior performance compared
with industry standard carbon, chrome-
‘I moly, and weld overlayed steels.

Water-Cooled

Lance Improves production throughput and

limits energy consumption by reducing
forced outages and downtime due to
thermal fatigue, particulate erosion, and
chemical corrosion.

Tap Hole —>

Reduces issues related to slag buildup.

Refractory
Lining —>

Basic Oxygen Furnace Components
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Automatic High-Temperature Steel Inspection and Advice System

IMPACTS

Unique Measurement System Enhances
Process Control, Cuts Scrap by Half, and Saves Energy

A new inspection system, the HotEye™ Rolled Steel Bar (RSB) System, has
been developed and demonstrated by OG Technologies (OGT) Inc., with the
help of both a NICE? grant and a project under the ITP Sensors and Automation
Program. The HotEye RSB System is based on OGT’s HotEye System and
integrates it with a dynamic control plan (DCP) for hot steel processes. The
HotEye System accurately and reliability measures a part’s dimensions and
detects its surface features, including defects, while it is still red hot, i.c. at
temperatures of up to 1550°C. Current measurement systems cannot be used
until the parts cool down, which results in higher scrap rates once defects are
detected. The DCP classifies some defects from production and identifies
their root causes and corrective actions. The DCP’s effectiveness depends on
instruments that can detect quantitative quality information in real-time in a
hostile operating environment. The HotEye RSB System provides real-time
process control to increase yields 2.5% in continuous casting and hot rolling
steel mills, saving energy, improving quality, and increasing productivity.

The HotEye RSB System consists of three HotEye imaging sensors, four
powerful PC’s, modulating devices for the lighting system, proprietary

image processing software, the software version of the steel rolling DCP,

and an enclosure to protect the hardware and software from the effects of the
harsh operating environment in a steel mill. The HotEye RSB System will
automatically (1) inspect 100% of the surface of the product in-line; (2) identify
defects as small as 0.025 mm; (3) analyze and record the size, nature, and
location of the defects; (4) measure 100% of the dimensions of the product; and
(5) generate process correction advice based on the DCP, while the product is at
a temperature up to 1550°C and moving at a speed up to 100 m/second.

Steel Rod
Guide

Water Cooled
Reflective System

O
Steel Rod

Design of the HotEye RSB Sensor System

DOE Industrial Technologies Program

Overview

Developed by OG Technologies, Inc.
(www.ogtechnologies.com)

Commercialized in 2004

Operating in four U.S. and three foreign
steel mills in 2006

U.S. Energy Savings

(Trillion Btu)
Cumulative through 2006 2006
4.08 2.04

U.S. Emissions Reductions
(Thousand Tons, 2006)

Particulates SO, NO_ | Carbon
0.0 0.0 0.239 32.4

Applications

The HotEye RSB System can be used in
steel hot rolling mills and continued casting
processes

Capabilities

Inspects 100% of product surface on-line.
Identifies defects as small as 0.025 mm.

Performs inspections while the product
is at temperatures of up to 1550°C and
moving at 100 m/second.

Benefits
Employee Safety

Allows the inspection of parts at
temperatures of up to 1550° C remotely,
reducing employee burns.

Profitability and Productivity

Detects and identifies production flaws
quickly and reduces the scrap rate from the
process by 50%.
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Dilute Oxygen Combustion System

Dilute Oxygen Combustion Improves Reheat Furnace
Performance and Provides Very Low NO, Emissions

Overview

The Dilute Oxygen Combustion (DOC) system provides competitive rolling
mill operators with higher productivity reheat furnaces without high capital
and operating costs or increased NO_ emissions. By replacing combustion air

IMPACTS

Commercialized by Praxair, Inc.
(Www.praxair.com)

14 burners operating at two locations in

with oxygen, DOC needs less fuel to heat steel and also gives lower flue gas 2006

temperatures. These features allow a reheat furnace to operate economically u.s. Energy Savings

at higher production rates. The DOC system injects the fuel gas and oxygen (Trillion Btu)

into the furnace as distinct, high-velocity jets separately rather than through

a single burner. The jets mix with the hot furnace gases before reacting with Cumulative through 2006 2006
14.4 7.17

each other. This dilution effect prevents the high peak flame temperatures

that are responsible for NO, generation, providing low NO_ levels even with
high nitrogen levels for the furnace. Because the flue gas is recirculated
aerodynamically within the furnace, the DOC system is simpler and less
expensive to install compared with conventional flue gas recirculation

U.S. Emissions Reductions
(Thousand Tons, 2006)

systems. In addition, the wide, diffuse flame from the DOC system provides Particulates | SO NO | Carbon
exceptionally uniform heating of the steel, leading to better rolling mill 0.0 0.0 0.839 112
performance and lower reject rates.
Applications
Benefits Steel and glass industry
Energy Savings Most furnace systems

Results in fuel savings of up to 50% over air-fuel combustion for reheat
furnaces.

Capabilities

Up to 30% increase in furnace capacity.

Productivity and Profitability

Increases productivity 10% to 30% over air-fuel combustion with the simple, Can be used on continuous or batch
low-maintenance combustion system. Improves heating uniformity, giving reheat furnaces.

better quality and fewer rejects in rolled products.

Fuel Reaction Zone

Fuel

Oxidant Furnace Gases

Oxidant Mixing Zone

Flue

Dilute Oxygen Combustion
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Electrochemical Dezincing of Steel Scrap

IMPACTS

Dezincing of Steel Scrap Reduces Concerns
of Recyclability and Waste Streams

Half of the steel produced in the United States is derived from scrap. With zinc-
coated prompt scrap increasing fivefold since 1980, steelmakers are feeling the
effect of increased contaminant loads on their operations. The greatest concerns
are the cost of treatment before disposal of waste dusts and the water associated
with remelting zinc-coated scrap.

With financial assistance from ITP, Argonne National Laboratory with Metal
Recovery Technologies, Inc., and Meretec Corporation have developed a
technology that separates steel scrap into dezinced steel scrap and metallic zinc.
The removal of zinc from steel scrap increases the recyclability of the underlying
steel, decreases steelmaking dust, and decreases zinc in wastewater streams.

The process consists of two stages: dissolving the zinc coating from scrap in a
hot, caustic solution and recovering the zinc from the solution electrolytically.
Through a galvanic process, the zinc is removed from the steel and is in solution
as sodium zincate ions rather than zinc dust. The steel is then rinsed with water
and ready for reuse. Impurities are removed from the zinc solution, and then

a voltage is applied in order to grow metallic zinc via an oxidation-reduction
reaction. All waste streams in this process are reused.

Benefits

Pollution Reduction

Removal of zinc decreases steelmaking dust released to the air as well as
pollutants in wastewater streams. The process itself does not consume any
chemicals, other than drag-out losses, and produces only a small amount of waste.

Productivity

Removing zinc prior to processing of scrap saves time and money in disposal of
waste dusts and water. Without the zinc, this high-quality scrap does not require
extra handling, blending, or sorting for remelting in steelmaking furnaces.

Shredded

Galvanized Scrap Regenerated Caustic

Overview

Developed by Argonne National
Laboratory

Commercialized in 2003 by Meretec

Corp.

(wWww.meretec.com)

Steel scrap sold to several dealers,
steemakers, and foundries after
dezincing

U.S. Energy Savings

(Trillion Btu)
Cumulative through 2006 2006
0.195 0.144

U.S. Emissions Reductions

(Thousand Tons, 2006)

Particulates SO, NO_ | Carbon
0.002 0.090 | 0.040 4.03
Applications

Primarily the steel and foundry industries.

Capabilities

Improves quality of steel scrap that
steelmakers can use.

Produces 99.8% pure zinc for resale.

Process Degalvanizing Purification Electrowinning
Heat Reactor Circuit Cells
L Separation,
Rinsing Drying,
and Packing

Dezinced Scrap

Electrochemical Dezincing of Galvanized

DOE Industrial Technologies Program

Steel Scrap

Electric
Powder

Zinc Powder Product
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H-Series Cast Austenitic Stainless Steels

Scientific Design Methodology Used to Develop Stronger
Stainless Steels for High-Temperature Applications

Cast H-Series austenitic steels are used extensively in several industries for a
broad range of high-temperature applications. The H-Series stainless steels

have evolved over many years of complex alloy development that added various
alloying elements by trial-and-error methods. The native microstructure
established in these austenitic alloys consists of dendritic structures of austenite
matrix with finer dispersions of carbides. With the support of a grant from the
ITP, a combination of thermodynamic modeling developed at the Oak Ridge
National Laboratory, micro-structural characterization, and mechanical property
measurements were used to derive composition-structure-property relationships
for this class of alloys. With these relationships, Duraloy Technologies, Inc.,
successfully developed new alloy compositions with improved properties at higher
temperatures.

The combined approach of micro-characterization of phases and computational
phase prediction permits rapid improvement of a current class of alloy
compositions and allows alloys to be customized across steel grades for specific
applications. The results of this work increased the high-temperature creep
strength and the upper-use temperature range of H-Series stainless steel material
including HP and HK alloys. Application of these new products is best suited

to radiant burner tubes for annealing furnaces in the steel heat treating industry,
tubes for the chemical industry, and transfer rolls and kilns for various high-
temperature furnace operations. Other applications in other industries would
apply where high temperature operations are required.

Chemical Processing Coils Composed of H-Series Stainless Steel

72

IMPACTS

Overview

Developed by Duraloy Technologies, Inc.
(www.duraloy.com)

Commercialized in 2003

As of 2006 41 U.S. applications were
operating in 7 processing plants

Applications

Many applications in the chemicals, forest
products, heat treating, petrochemical,
and steel industries including burner tubes
for heat-treating furnaces, transfer rolls
for heat-treating furnaces, coiler drums
and rolls for Steckel mills, and tubes for
ethylene cracking and other processes

Capabilities

Offers superior toughness over standard
H-series steel.

Applies to multiple heating processes.

Benefits
Energy Savings

Could save an estimated 35 trillion Btu/year
and $185M/year by 2020.

Productivity

Improved process efficiencies from
higher operating temperatures reduce
downtime of the production equipment,
reducereplacement of components,

and increase productivity with reduced
rejection.
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Laser Contouring System for Refractory Lining Measurements

IMPACTS

Optical Sensor Provides Real-Time Process Control
Resulting in Reduced Costs and Improved Performance

A suite of new robust sensors and control systems for base oxygen furnace
(BOF) and molten steel transfer ladles makes possible dynamic process control
and rapid assessment of the effectiveness of operations. With ITP support,
Process Metrix and the American Iron and Steel Institute developed the Laser
Contouring System (LCS) now being sold by Process Metrix. The LCS is a
high-speed, laser-based technology that measures the refractory lining thickness
of furnace vessels for manufacturing steel, copper, and aluminum. With a
laser scan rate of over 8,000 points per second, the LCS provides exceptionally
detailed contour resolution and accurate bath height determination. Moreover,
measurement time ranges between 1 to 6 minutes or ten times faster than

prior units. Quick on-line feedback eliminates downtime costs due to off-line
inspection and unnecessary relining, increases equipment life, and ensures
operational safety.

Contour maps of both vessel wall and bottom clearly illustrate lining thickness
over the entire vessel interior. Thickness values are displayed both numerically
and by color key, immediately revealing regions that might require attention.
The report generator automatically prints all of the views and screens needed
by the mill to make informed process decisions. New software releases, that
include upgrades and feature requests from customers, are made twice annually.

Two principle objectives are emphasized in the mobile platform design: speed
and simplicity. Fast measurement times are achieved using a laser-based
navigation system. Working from three reflectors mounted on the building
structure behind the cart, this system automatically measures the cart position
relative to the BOF and reports position information directly to the LCS
computer. The navigation system is completely automatic and updates 8 times
per second. Process Metrix has also implemented a radio frequency (RF)

link that continuously broadcasts the vessel tilt to a receiver located in the

cart. The RF-link incorporates 2.4 Gigahertz spread-spectrum technology

for interference-free transmission. During the measurement, the RF receiver
automatically reports the vessel tilt to the LCS computer. Together, the laser
navigation system and RF link enable fast, error-free measurement of the vessel
lining thickness. Single measurements can be made in 20-30 seconds. An
entire map of the vessel interior, consisting of 4-6 measurements and 500,000+
data points, can be completed in less than 6 minutes.

Fixed position installation is available for converter and ladle applications.

This type of installation coupled with the high measurement speed of the LCS
enables measurements after every heat with little or no loss of process time.

DOE Industrial Technologies Program

Overview

Commercialized in 2001 by Process
Metrix
(Www.processmetrix.com)

Six units in operation at four U.S.
installations in 2006 and 24 units in use
overseas

Applications

Rapid measurements of vessel wall and
bottom lining thickness in the steel furnace
or ladle environments

Capabilities

Available as a mobile platform or a fixed
position installation.

Maps the entire vessel interior in less
than 6 minutes.

Provides detailed contour resolution and
vessel lining thickness with over 500,000
individual contour measurements.

Benefits

Cost Savings
Estimated to be up to $1 million per year for
manufacturers.

Energy Savings

Reduces energy usage via rapid real-time
measurements for process control and with
no loss of process time.

Productivity
Reduces maintenance on BOF refractory via
automated furnace inspection.
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Life Improvement of Pot Hardware in
Continuous Hot Dipping Processes

Improved Galvanizing Bath Hardware and Materials
Result in Energy and Cost Savings

Flat-rolled surface-coated steel, including galvanized and aluminized sheet,

is one of the fastest growing, most profitable sectors of the U.S. steel industry.
Coating steel sheets by continuous hot dipping in a molten metal bath of zinc
and aluminum is an efficient and economical method of protecting most steel
sheet compositions from corrosion. However corrosion, wear, and dross
buildup on bath hardware such as bearings, sink rolls, and stabilizing rolls can
lead to frequent downtime of production lines and significantly reduce energy
efficiency.

West Virginia University with support from ITP and numerous private
sectors partners, developed a new generation of bath hardware components.
The components are made with several entirely new materials such as an
iron-aluminum-cobalt alloy, which provide 10 times the corrosion and wear
resistance in the Zn/Al bath compared with baseline materials. The advanced
bath hardware and materials provide longer life in the corrosive galvanizing
bath by minimizing crystal growth, corrosion attack, and bearing surface
degradation, all of which can lead to surface impurities on the final product,
lowering the market value of the finished galvanized steel.

Delivering new roll and bearing designs, along with bath hardware materials
developed with these new alloys, has extended component life by an order of

magnitude, while remaining cost effective at only 10% to 15% higher than
comparable components.

> <Gas Knives
ngilizing Rolls

Snout

Sink Rolls
Hot-Dipping Bath

Steel Sheet Manufacturing Process
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Overview

Developed by West Virginia University
in partnership with numerous steel
manufacturing support companies

Commercialized in 2006 by Pyrotek, Inc.
(www.pyrotek-inc.com)

Applications

Improvement in the life of pot hardware
applies to the 57 continuous hot dipping
process lines in the U.S.

Capabilities
Provides up to 10 times the corrosion and

wear resistance compared with baseline
materials.

Reduces the potential for bearing
instability due to improved hardware
alloys.

Improves surface characteristics of sheet
steel from reduced dross formation.

Benefits

Cost Savings

Reduces waste and process scrap volume by
limiting the frequency of downtime in the
galvanizing process.

Environmental
Reduces emissions from sheet steel
manufacturing plants.

Productivity
Limits the formation of surface
imperfections on the finished sheet steel.
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Microstructure Engineering for Hot Strip Mills

IMPACTS

Innovative Model Provides a More Detailed Insight into
Mill Operations to Reduce Costs and Improve Quality

Many hot rolled products must achieve strict strength and toughness
requirements making control of the microstructure critical. This causes
these products to be difficult to make and requires many costly full
production trials before the range of both chemical composition and hot
strip mill processing parameters can be defined. The Hot Strip Mill Model
(HSMM) is an invaluable tool to cost effectively assist in determining the
optimum processing conditions to achieve the desired product properties.
This model runs in an off-line mode, thereby saving many tons of wasted
product that might be scrapped in trying to identify the proper mill set-up.

The HSMM also provides additional savings in grade consolidation,

control optimization for new grades, and improvement of mechanical and
microstructure properties for downstream processing. The model can
consolidate grades by allowing the user to develop different processing
setups for the same steel grade that will then achieve the various mechanical
properties needed for the different finished products. The HSMM can
improve on-line control optimization for new grades by using what is learned
from the HSMM to help setup the on-line models so they learn faster how

to optimize the processing of the new grade. And finally, processing the
steel to achieve the optimum or specific microstructure attributes further
improves processing of the product in downstream operations.

User Interface

Microstructure Evolution

and Mechanical Properties

Tracking

Rolling Mill
Thermal-Mechanical

Run Out Table
Thermal-Mechanical

Components of the HSMM
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Overview

Developed by The American Iron and
Steel Institute as part of its Advanced
Process Control Program and being
marketed by INTEG Process Group, Inc.
(Www.integpg.com)

Acquired by 19 companies or universities
around the world, including four U.S.
steel companies

Applications

The HSMM is applicable to any hot rolling
mill that produces sheet or plate products
(flat rolled material). The model can handle
a variety of rolling mill configurations,
including roughing mills, coil boxes,
finishing mills, run out tables, and coilers.

Capabilities

Allows the user to easily modify the mill
configuration or processing parameters
to see its impact on the end results of the
product being rolled (simulated).

Can also be used as a training tool,
allowing operators to see the end result
for different processing conditions or
grades of steel.

Benefits

Competitiveness

Improves industrial competitiveness
through product optimization and cost
savings.

Productivity

Decreases product variability through the
development of a predictive tool, which
can quantitatively link the properties of hot
rolled product to the operating parameters
of the hot strip mills.
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Shorter Spherodizing Annealing Time for Tube/Pipe Manufacturing

New Process Results in Productivity
Improvements and Energy Savings

The steel industry is working to improve the manufacturing of tubes and
pipes while maintaining key steel parameters and reducing the amount

of energy used in the process. The Timken Company developed an
enhanced spherodized annealing cycle for through-hardened steel. This
technology is a by-product of a larger ITP sponsored project, the “Controlled
Thermo-Mechanical Processing (CTMP) of Tubes and Pipes for Enhanced
Manufacturing and Performance.”

The spherodized annealing process changes the hard, elongated carbide
particles in the steel to be spherical in shape with a preferred diameter. The
size and shape of the original elongated carbides produced by the previous
hotworking process influence the ability to spherodize the carbides. The
spherodized annealing process consists of heating the carbide particles to
temperatures at which they form spherical shapes. This entire heating and
holding cycle takes 20 to 50 hours. Various combinations of temperatures and
times can be used to achieve the desired shape and distribution of the carbide
spheres. In this ITP sponsored project, experimentation was conducted to
characterize the effect of the original elongated carbides and the annealing
times and temperatures on the resulting spheroid size and distribution.

The experimental results helped the Timken Company shorten the annealing
cycle time by 20% and condense the number of plant trials to achieve that.
The result was an optimized cycle that reduced energy consumption and
improved productivity while generating a quality product with the desirable
metallurgical properties for forming and machining.

Heat Reduce

Heat Treat

Tube Making Process
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Overview

Developed by The Timken Company
(www.timken.com)

Process used at two facilities in 2006

U.S. Energy Savings

(Trillion Btu)
Cumulative through 2006 2006
0.113 0.013

U.S. Emissions Reductions
(Thousand Tons, 2006)

Particulates SO, NO_ | Carbon
0.0 0.0 0001 | 0.199
Applications

Steel tube and pipe manufacturers

Specialty metal manufacturers

Capabilities

Shortens annealing cycles and saves energy.

Benefits
Energy Savings

Reduces fuel requirements by reducing
annealing cycle time by 20%.

Productivity
Increases productivity approximately 10%
due to the reduced cycle time.

Product Quality

Provides the end user with steel that is
casily formed and machined with the same
desirable metallurgical properties.
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Transfer Rolls for Steel Production

IMPACTS

New Nickel Aluminum Transfer Rolls
for High-Temperature Applications

A nickel aluminum alloy developed by Oak Ridge National Laboratory
(ORNL), in conjunction with ITP, has the potential to transform the steel
heat-treating industry. Nickel aluminide is a strong, hard, inter-metallic
material that resists wear, deformation, and fatigue from repeated stress or
high temperatures. Because the alloy becomes stronger and harder at high
temperatures, nickel aluminide transfer rolls are well suited to replace steel
transfer rolls in heat-treat roller hearth furnaces.

In the annealing furnace at Bethlehem Steel Burns Harbor Plate Division (now
Arcelor Mittal Burns Harbor Plate Inc.), nickel aluminide inter-metallic alloy
rolls provide greater high-temperature strength and wear resistance compared
with the conventional H-series cast austenitic alloys currently used in the
industry. ORNL and Bethlehem (Arcelor Mittal) partnered under the U.S.
Department of Energy’s ITP Emerging Technology Deployment Program to
demonstrate and evaluate the nickel aluminide inter-metallic alloy rolls as part
of an updated, energy-efficient, large, commercial annealing furnace system.

The project involved developing welding procedures for joining nickel
aluminide inter-metallic alloys with H-series austenitic alloys and developing
commercial cast roll manufacturing specifications. Several commercial
suppliers helped produce a quantity of high quality, reproducible nickel
aluminide rolls for a large steel industrial annealing furnace. The capabilities
of the rolls in this furnace were then demonstrated and trials were performed to
evaluate the benefits of new equipment and processes.

Straight-through plate processing is now possible because of the nickel
aluminide rolls, which also improved the quality of the plate product surface
to allow the additional processing of surface critical material. Benefits also
include associated large reductions in maintenance, reduction in spare rolls
and associated component costs, and potential for greater throughput and
productivity. Estimated project fuel cost reductions alone for processing
100,000 tons/yr through this furnace are $100,000/yr from straight-through
processing assuming natural gas prices of $6.00/MMBtu.

Benefits
Productivity

Increased roll life reduces furnace shutdowns to replace worn components,
resulting in increased production. Maintenance and furnace shutdowns
decreased from weekly to quarterly. Reduced damage to steel during heat-
treating, resulting in less steel scrap.

Product Quality

The new rolls are two to three times stronger than conventional steel roll
assemblies. The strength increases at temperatures greater than 1475°F. The
high aluminum content resists oxidation and carburization at high temperatures
without adhering to steel.

Profitability

Extends transfer roll life three to five times and reduces life cycle costs by 75%
compared with steel rolls. Produces steel plates with greater, more consistent
quality.

DOE Industrial Technologies Program

Overview

Nickel aluminide developed by Oak

Ridge National Laboratory

Being marketed by Duraloy
Technologies, Inc.
(www.duraloy.com)

Nickel aluminide transfer rolls

technology commercialized in 1993

U.S. Energy Savings

(Trillion Btu)
Cumulative through 2006 2006
0.103 0.035

U.S. Emissions Reductions

(Thousand Tons, 2006)

Particulates SO, NO_ | Carbon
0.0 0.0 0.004 0.551
Applications

Used to move steel plates through the heat
treatment process in heat-treat roller hearth

furnaces

Capabilities

Can operate in temperatures as high as

2100°F.
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Vanadium Carbide Coating Process

Innovative Process Enhances Wear Resistance
of Metals, Saving Energy, Waste, and Costs

Traditional methods of coating steel surfaces with a layer of hard metal
carbide require large capital investment, produce toxic and hazardous gases,
are costly to operate, and require multiple heat-treatment steps during
processing. Vanadium carbide (VC) coating technology provides a superior
protective coating for steel surfaces and eliminates the need for multiple
heat-treatment steps during processing, thereby eliminating harmful gas
emissions.

The coating system, developed by Metlab-Potero with assistance from DOE’s
NICE? program, is based on a thermal diffusion technology, which forms

a VC surface layer that can be made up to 15 microns thick in 12 hours.
Process steps include cleaning, preheating, coating, cooling, or quenching,
and subsequent tempering as required. Cleaned parts are preheated and
then immersed in an environmentally benign fused salt bath in an 800°C to
1200°C furnace at ambient pressure until the required coating thickness is
achieved. The work piece is then removed from the furnace for quenching,
slow cooling, or additional hardening and tempering. The process protects
steel surfaces with a thick, well-controlled layer of VC while eliminating
the need for multiple heat-treatment steps that increase energy use and the
chance of production defects. Reducing the number of processing steps
eliminates emissions, vacuum vessels, and the associated electrical heating
system components.

Cleaning
(Degreasing)

Preheating

Diffusion
Coating Process Slow Cool Cleaning

in Salt Bath

Oil Quench
Water Quench
Salt Quench

Vanadium Carbide Coating Process
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IMPACTS

Overview

Developed by Metlab-Potero
(www.metlabheattreat.com)

Commercialized in 2005

Applications

Manufactured tools and dies requiring
hardened, wear-resistant surfaces

Capabilities
Increases dimensional accuracy and creates

wear-resistant surfaces without multiple
heat-treatment steps.

Benefits

Cost Savings
Reduces process costs by 20%.

Environmental
Reduces water usage by 20% to 50% and
eliminates harmful gas emissions.

Productivity/Quality

Offers productivity gains of 10% to
30% and increases tool life 5 to 30 times
compared with conventional wear-
resistance methods.
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Adjustable-Speed Drives for 500 to 4000
Horsepower Industrial Applications

IMPACTS

New Drive System Saves Energy and Extends
Variable Speed Control to Larger Motors

MagnaDrive Corporation, with assistance from DOE’s NICE? Program and
Washington State University’s Cooperative Extension Energy Program, has
developed a highly efficient adjustable speed drive (ASD) for various industrial
applications. The MagnaDrive ASD has been successfully tested and used in
industrial environments with motors up to 4000 horsepower (hp). Over 5000
units are currently in use in applications up to 2500 hp, of which 15 are over
500 hp.

The ASD consists of two major components that never touch: (1) the copper
conductor assembly, directly connected to the motor shaft, and (2) the magnet
rotor assembly, directly connected to the load shaft. The torque is transmitted
across a thin air gap that can be continuously adjusted to control the speed of the

load. The actuation components are attached to the magnet rotor assembly on the

load side of the ASD. Rare-earth permanent magnets are the key to the system’s
performance. The magnets are made of neodymium, iron, and boron (NdFeB),
and retain their magnetic properties for the life of the system.

The motor is started with the ASD system in a position that places the largest air
gap between the magnet rotors and the copper conductors. The motor quickly
comes to full speed in an unloaded condition. The magnet rotor is then actuated
to adjust the rotors closer to the conductors. As the components approach each
other, eddy currents are induced, allowing a smooth transfer of torque across

the air gap until the distance between the magnet rotor and the copper assembly
closes to about 1/8 inch. At this point the ASD reaches its maximum efficiency
of up to 99% of the torque transferred between the motor and the load.

Magnet Rotor Assembly

Adjustable-Speed Drive Components
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Overview

¢ Developed by MagnaDrive Corporation
(www.magnadrive.com)

¢ Commercialized in 2003

¢ 15 large and 5000 smaller units operating
in the United States in 2006

U.S. Energy Savings

(Trillion Btu)
Cumulative through 2006 2006
0.342 0.160

U.S. Emissions Reductions
(Thousand Tons, 2006)

Particulates SO, NO_ [ Carbon
0.001 0.035 [0.026 | 315
Applications

Motor driven pumps, fans, blowers and
other proc