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Foreword

Foreword

A robust U.S. industrial sector relies on a secure and
affordable energy supply. While all Americans are feeling the
pinch of volatile energy prices, project financial-constriction
impacts on industry are especially acute. Lack of certainty
with energy prices, emission regulations, and available
financing not only hurt competitiveness — when combined,
they have the potential to push critical U.S. manufacturing
operations offshore, costing jobs that are the lifeline for many
American families, weakening a sector that serves as the
backbone of U.S. gross domestic product.

The Industrial Technologies Program (ITP) is actively
working through public-private partnerships to address the
enormous energy challenges now facing America and its
industrial sector. ITP has an established track record for
moving innovative technologies through commercialization
and onto the floors of industrial plants, where they are at work
saving energy and reducing carbon emissions 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
conduct as part of ITP’s Save Energy Now initiative.

The novel challenges confronting U.S. industry at this

time and the rapidly 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 promising
new areas, and boost program impacts to support critical
national goals. We are proud to be serving our country under
the guidance of the U.S. Department of Energy’s 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, carbon emissions,
and waste while boosting productivity and economic
competitiveness. Operating within the Office of Energy
Efficiency and Renewable Energy (EERE), ITP conducts
research, development, and demonstration (RD&D)

and technology transfer that are producing substantial,
measureable benefits to industry and helping the nation to
address some of its biggest challenges in the areas of energy
security and environmental performance. This document
summarizes some of the impacts of ITP’s programs through
CY 2007. The selection of 2007 as the basic timeframe for
this report is in recognition of the fact that it takes two years
to acquire a full perspective and to total the actual results of
commercialization efforts for the technologies and practices at
issue.

Industry is the largest and most diverse energy-consuming
U.S. sector. In recent years, the industrial sector has used one-
third of the energy consumed in the nation, produced about
1,670 MMT of CO, per year, contributed 12% to the overall
U.S. gross domestic product, and provided nearly 12 million
manufacturing jobs. These statistics — combined with the
convergence of concerns surrounding energy security, climate
change, and global competitiveness — emphasize the strategic
role that improved industrial energy efficiency can play in
responding to some of the nation’s most pressing energy,
economic, and environmental challenges.

One of ITP’s major efforts is now the Save Energy Now
LEADER program. This is a new component of Save Energy
Now — a highly successful national initiative sponsored by

ITP beginning in 2006 to drive a 25% reduction in industrial
energy intensity in 10 years (25 in 10) through the use of
proactive partnerships between government and the private
sector. Save Energy Now has developed into a robust suite

of energy-savings tools and services that ITP provides for
partnering with industry to improve energy efficiency. As of
September 2009 the Save Energy Now initiative has completed
over 2,300 assessments. More than 1,500 industrial facilities
have implemented the assessment recommendations,

achieving $218 million, 35 trillion Btu, and 2.3 MMT of CO,
savings each year. In 2009, ITP recognized 140 companies for
their energy savings. For more information, see http://wwwl.
eere.energy.gov/industry/saveenergynow/recognition.html.

The Save Energy Now LEADER program provides a
mechanism through which the government actively works with
manufacturers to help them identify and implement energy
saving technologies and practices that can yield real benefits
in real time — benefits that will help save energy, reduce
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greenhouse gas emissions, and create or preserve jobs. For
more information, see http://wwwl.eere.energy.gov/industry/
saveenergynow/leader.html.

ITP is also working with U.S. industry to support the
development of an emerging set of energy management
standards and a related certification program anchored to

a viable business case. Similar to environmental or quality
management systems in industry, much energy efficiency

in industry is achieved through changes in how energy is
managed in a facility. A new energy management standard,
ISO 50001, will provide a method for integrating energy
efficiency into existing industrial or commercial management
systems for continuous improvement. Once completed, ISO
50001 promises to create a framework for all of industry to
manage energy and improve cost savings. At issue is the
forthcoming industry-designed American National Standards
Institute (ANSI)-accredited plant certification program called
Superior Energy Performance, which will include conforming
to ANSI’s Management System for Energy (MSE) standard,
or ANSI/MSE 2008, and eventually the more far-reaching
international ISO 50001 standard, as well as achieving a
defined level of energy intensity performance improvement.
A total of 35 countries are participating in developing this
international standard. The International Organization for
Standardization is estimated to release ISO 50001 in 2011.
The energy management standard and certification program
will serve as powerful new tools in the arsenal of the broader
Save Energy Now LEADER program that will assist U.S.
industry in continually improving energy efficiency in an
accelerated manner.

An additional product of the Save Energy Now initiative is
an effort by ITP to help drive progress on energy efficiency
more aggressively throughout the supply chain. As supply
chains for companies have grown increasingly complex,
understanding and managing energy waste within them
represent a way to reduce energy prices or regulatory risk
and increase competitive advantage. Not only can it add

to security in a company’s operations, it can enhance their
suppliers’ businesses, as well as provide mentoring and
support for these suppliers’ energy and emissions management
systems.

Many energy-intensive industries, including aluminum

and steel, are limited in the choice of fuels and feedstocks
required 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.


http://www1.eere.energy.gov/industry/saveenergynow/recognition.html
http://www1.eere.energy.gov/industry/saveenergynow/recognition.html
http://www1.eere.energy.gov/industry/saveenergynow/leader.html
http://www1.eere.energy.gov/industry/saveenergynow/leader.html
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Over the past 30 years, ITP has supported more than 600
separate RD&D projects that have produced over 200
technologies. In 2007 alone, 107 successfully commercialized
technologies saved 83.6 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. Also, many ITP-supported
projects have significantly expanded knowledge about
complex industrial processes and have laid the foundation for
developing future energy-efficient technologies.

Industrial Distributed Energy, a cross-cutting activity within
ITP, builds on activities conducted by DOE’s Office of
Industrial Technologies during the 1980s and 1990s and the
DOE Distributed Energy Resources program since 2000.
Since 1990, the use of distributed energy within the United
States, primarily combined heat and power (CHP), has
increased significantly. CHP capacity additions between
1990 and 2007 totaled 56.1 GW, according to the CHP
Installation Database maintained by ICF International for
DOE through a contract with Oak Ridge National Laboratory
(ORNL). According to a report prepared by ORNL, if CHP
capacity were to reach 20% of U.S. electricity production by
2030, more than 5.3 quad of energy would be saved, and CO,
emissions would be reduced by 848 MMT. This represents
60% of the projected greenhouse gas emissions production
from 2006 to 2030.

Through current and expanded funding from the American
Reinvestment and Recovery Act, ITP is advancing CHP as
one of the more promising efficient energy solutions that
can help to revitalize the American economy, enhance the
nation’s energy security, and reduce carbon pollution. CHP
can achieve efficiencies of as much as 80% compared with
roughly 45% for conventional heat and power production.

One of ITP’s primary roles 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. ITP partners with manufacturers to help
them overcome these barriers so that the benefits of energy-
efficient innovation can be unleashed.
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ITP has developed a ten-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 that are
adaptable to processes throughout industry and that
could dramatically change the way products are
manufactured. For more information, see wwwl.eere.
energy.gov/industry/bestpractices/energymatters/pdfs/
energy matters fall 2009.pdf.

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 ensure 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. For information on state partnerships, see
wwwl.eere.energy.gov/industry/states/state activities/

main_map.asp.

8) Drive ambitious reductions in industrial energy intensity
through Save Energy Now and its related LEADER
program. For information on companies that have
signed to be Save Energy Now leaders, see wwwl.eere.
energy.gov/industry/saveenergynow/leader companies.
html.

9) Promote energy-efficiency improvements throughout the
supply chain.

10) Help drive the development of energy management
standards and the Superior Energy Performance
certification program to provide a clear roadmap for
continual improvement in energy efficiency. For
information on the U.S. Council for Energy-Efficient
Manufacturing, see www.superiorenergyperformance.
net.
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In addition to tracking energy savings, ITP monitors

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, carbon, and most
recently jobs created or saved. In 2007, ITP programs were
instrumental in saving industry 734 trillion Btu, equivalent to
the 2007 energy consumption for the entire state of Nevada,
and $6.73 billion. Over ITP’s entire history, these cumulative
net benefits are about 8.50 quadrillion Btu, equivalent to 2007
energy consumption for all of California or roughly $67.75
billion (in 2007 dollars).

The bulk of this document consists of seven appendixes.
Appendix 1 describes the 107 technologies currently available
commercially and their applications and benefits. Appendix 2
describes the 126 ITP-supported emerging technologies likely
to be commercialized within two or three years. Appendix

3 describes 111 ITP-sponsored technologies used in past
commercial applications, the current benefits of which are no
longer counted in this report. Appendixes 4 and 5 summarize
the benefits of two ITP technical assistance activities: the
Industrial Assessment Centers and Best Practices. Appendix
6 summarizes the benefits of CHP systems attributed to DOE
activities. Finally, Appendix 7 describes the methodology
used to assess and track I'TP-supported technologies.
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Summary of ITP Program Impacts

Industrial Energy Use

Industry is the largest and most diverse energy-consuming
U.S. sector. In recent years, the industrial sector has used
one-third of the energy consumed in the nation, produced
about 1,670 MMT of CO, per year, contributed 12% to the
overall U.S. gross domestic product (GDP), and provided
nearly 12 million manufacturing jobs. These statistics —
combined with the convergence of concerns surrounding
energy security, climate change, and global competitiveness
— emphasize the strategic role that improved industrial energy
efficiency can play in responding to some of the nation’s most
pressing energy, economic, and environmental challenges.

In 2007, the industrial sector used 32.30 quad of all types of
energy including electricity losses of 7.45 quad (see

Figure 1). Petroleum (9.53 quad), natural gas (8.00 quad),
and electricity (3.43 quad delivered) are the three fuels most
used by industry, with coal and biomass providing another
3.89 quad combined. The industrial sector consumed a
total of 24.85 quad, of which 19.50 quad were consumed

by manufacturing industries. Of that 19.50 quad, energy-
intensive industries consumed 15.37 quad. The non-energy-

IMPACTS

intensive industries (4.13 quad) and non-manufacturing
industries (agriculture, mining, and construction — 5.35 quad
combined) accounted for the remaining energy consumption.
Industry uses nearly 6.76 quad of the fossil fuels for
feedstocks — raw materials for plastics and chemicals — rather
than as fuels. Energy expenditures in the manufacturing
sector are approximately $104 billion annually.

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 feedstocks) used in the industrial sector partially
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Figure 1. Industrial Energy Flows (Quad), 2007
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Figure 2. Energy Intensity of Manufacturing Industries

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).

The energy intensity of the industrial sector has been
declining over the past decade, in part because of investments
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in the development of energy-efficient technologies by

the Industrial Technologies Program (ITP), previously the
Office of Industrial Technologies (OIT). Since its peak

in 1992, industrial sector energy intensity has declined
from 17,137 Btu/dollar of industrial GDP to 12,453 Btu/
dollar of real industrial sector GDP in 2007 (see Figure 3).
These reductions are expected to continue into the future,
as is implied by the slower growth of energy use with ITP
programs (see Figure 3).

Legend

— with 2002 intensity
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—.75% decrease/year

— — with ITP programs

= =New Goal =
30% intensity
decrease by 2020

11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11

15
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Years

Sources: EIA AEO 2004, EIA MECS 2001, ITP

Figure 3. Historical Industrial Energy Intensity and Projected Energy Use
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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 the
nation’s resilience in the face of current and future energy
challenges. Advances in energy efficiency, fuel flexibility,
and innovative technologies can enhance energy security,
economic growth, and environmental quality. Good starting
points for reducing industry’s energy consumption and
reliance on oil and natural gas include the following:

More Efficient Operating and Maintenance Practices.
Improved and more energy-efficient operating practices
can be adopted rapidly at negligible cost to enhance

near- to mid-term operating efficiency in manufacturing
facilities.

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

Increased 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 take 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
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

6
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technologies ready to enter the market in the near term must
be accelerated; at the same time, groundbreaking research
must be conducted on revolutionary technologies for the
future. ITP’s focus on applied research and development
(R&D) effectively turns knowledge and concepts initiated
by others into real-world energy solutions. In addition, novel
strategies to expand ITP’s 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 10 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. ITP
is focusing on a small number of widely used technology
areas that 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 is seeking 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. By increasing the range of fuel options available
to industry, ITP will foster energy independence and
economic resilience.

Invest in “next-generation” technologies that are
adaptable to processes throughout industry and that
could dramatically change the way products are
manufactured. ITP is funding research in mass-scale
nano manufacturing, process-integrated predictive tools,
and wireless real-time sensor systems that are just a few
of the technologies that could bring new, cost-competitive
options to American industry, see wwwl.eere.energy.
gov/industry/bestpractices/energymatters/pdfs/energy
matters fall 2009.pdf.

Strengthen planning and analysis to identify opportunities
with the greatest potential for energy savings and

develop a robust market transformation strategy. ITP

is conducting a thorough analysis of industry market
barriers and challenges that will allow more effective
investment decisions with higher impacts.

Institute rigorous stage-gate project and portfolio
management procedures to ensure 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). I'TP is examining
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projects at critical gates throughout the R&D cycle based
on carefully defined technical and business criteria. This
program management tool provides ITP managers with

a straightforward pathway for evaluating progress and
imposes discipline in project management, raising the
potential for commercial success of ITP’s 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, see wwwl.eere.energy.gov/industry/
states/state activities/main map.asp.

Drive ambitious reductions in industrial energy intensity
through Save Energy Now and its related LEADER
program. For information on companies that have signed
to be Save Energy Now leaders, see www 1.eere.energy.
gov/industry/saveenergynow/leader companies.html.

Promote energy-efficiency improvements throughout the
supply chain.

Help drive the development of energy management
standards and the Superior Energy Performance
certification program to provide a clear roadmap for
continual improvement in energy efficiency. For
information on the U.S. Council for Energy-Efficient
Manufacturing, see www.superiorenergyperformance.net.

Summary of ITP Program Impacts

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.

ITP’s website (http://www.eere.energy.gov/industry) provides
a wealth of information about the program, and

the EERE Information Center (1-877-337-3463, ecreic@

ee. doe.gov) fields questions and facilitates access to ITP
resources for industrial customers.

One of ITP’s major efforts is now the Save Energy Now
LEADER program. This is a new component of Save Energy
Now — a highly successful national initiative sponsored by

ITP beginning in 2006 to drive a 25% reduction in industrial
energy intensity in 10 years (25 in 10) through the use of
proactive partnerships between government and the private
sector. Save Energy Now has developed into a robust suite

of energy-savings tools and services that ITP provides for
partnering with industry to improve energy efficiency. As

of September 2009 the Save Energy Now initiative has
completed over 2,300 assessments. More than 1,500 industrial
facilities have implemented the assessment recommendations,
achieving $218 million, 35 trillion Btu, and 2.3 MMT of CO,
savings each year. In 2009, ITP recognized 140 companies for
their energy savings. For more information, see http:/www]1.
eere.energy.gov/industry/saveenergynow/recognition.html.

The Save Energy Now LEADER program provides a
mechanism through which the government actively works with
manufacturers to help them identify and implement energy
saving technologies and practices that can yield real benefits
in real time — benefits that will help save energy, reduce
greenhouse gas emissions, and create or preserve jobs. For
more information, see http://www 1.eere.energy.gov/industry/
saveenergynow/leader.html.

Stage 1 Stage 2 Stage 3 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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ITP is also working with U.S. industry to support the
development of an emerging set of energy management
standards and a related certification program anchored to

a viable business case. Similar to environmental or quality
management systems in industry, much energy efficiency

in industry is achieved through changes in how energy is
managed in a facility. A new energy management standard,
ISO 50001, will provide a method for integrating energy
efficiency into existing industrial or commercial management
systems for continuous improvement. Once completed, ISO
50001 promises to create a framework for all of industry to
manage energy and improve cost savings. At issue is the
forthcoming industry-designed American National Standards
Institute (ANSI)-accredited plant certification program called
Superior Energy Performance, which will include conforming
to ANSI’s Management System for Energy (MSE) standard,
or ANSI/MSE 2008, and eventually the more far-reaching
international ISO 50001 standard, as well as achieving a
defined level of energy intensity performance improvement.
A total of 35 countries are participating in developing this
international standard. The International Organization for
Standardization is estimated to release ISO 50001 in 2011.
The energy management standard and certification program
will serve as powerful new tools in the arsenal of the broader
Save Energy Now LEADER program that will assist U.S.
industry in continually improving energy efficiency in an
accelerated manner.

An additional product of the Save Energy Now initiative is
an effort by ITP to help drive progress on energy efficiency
more aggressively throughout the supply chain. As supply
chains for companies have grown increasingly complex,
understanding and managing energy waste within them
represent a way to reduce energy prices or regulatory risk
and increase competitive advantage. Not only can it add

to security in a company’s operations, it can enhance their
suppliers’ businesses, as well as provide mentoring and
support for these suppliers’ energy and emissions management
systems.

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,

IMPACTS

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 program
managers recognize the importance of developing accurate
data on the impacts of their programs. Such data are essential
for assessing ITP’s past performance and guiding the direction
of future research programs.

Pacific Northwest National Laboratory (PNNL) estimates
energy savings associated with specific technologies using

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 10 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

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

DOE Industrial Technologies Program
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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.

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 spin

Technology
Development

Emerging

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

off 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 30 years, ITP has supported more than

600 separate R&D projects that have produced over 200
technologies in commercial use. In 2007, there were 107
technologies that were in commercial use and yielding
benefits. Appendix 1 presents fact sheets on these 107
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
11 and 12, provides information on the 107 currently tracked
technologies. This table shows energy savings in 2007, 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 107
commercial technologies saved 83.6 trillion Btu in 2007 and
have cumulatively saved 1,225 trillion Btu.

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

Technology
Dissemination

Commercialized

Technology

DOE Industrial Technologies Program

Dissemination

Technologies Technologies

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



Summary of ITP Program Impacts

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 111
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 111
historical technologies cumulatively saved 2.33 quad.

The method of calculating the results for the Industrial
Assessment Centers (IACs) and the resulting benefits are
described in Appendix 4. As Table 1 shows, the centers saved
224 trillion Btu in 2007 and cumulatively saved 1,714 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 shown in
Table 1, BestPractices saved 225 trillion Btu in 2007 and has
cumulatively saved 901 trillion Btu since its inception in 1998.
The method of calculating the results attributable to DOE’s
combined heat and power (CHP) activities and the resulting
benefits are described in Appendix 6. As shown in Table

1, CHP activities saved 201 trillion Btu in 2007 and have
cumulatively saved 2,330 trillion Btu since 1990.

The determination of the net economic benefits of I'TP
programs is discussed in Appendix 7. Using the energy
savings from the technologies as well as the IACs,
BestPractices, and CHP activities, 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 7. In 2007, ITP programs were
instrumental in saving industry 734 trillion Btu, equivalent to
the 2007 energy consumption for the entire state of Nevada,
and $6.73 billion. Over ITP’s entire history, these cumulative
net benefits are about 8.50 quad, equivalent to 2007 energy
consumption for all of California or roughly $67.75 billion
(in 2007 dollars). In addition, the ITP programs have
cumulatively reduced emissions of carbon by 189 million tons,
of nitrogen oxides by 1.61 million tons, and of sulfur dioxides
by 3.43 million tons, as Table 1 shows.
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Table 1. Technology Program Impacts

IMPACTS
Cumulative 2007 Cumulative Pollution Reductions (Thousand Tons)
Technologies Commercially Available SE:\ELQV Energy
gs Savings
(102 Btu) (102 B?u) Particulates VOCs SOy NO, Carbon

ALUMINUM
[Aluminum Reclaimer for Foundry Applications 0.003 0.001 - 0.000 - 0.000 0.040
[Aluminum Scrap Sorting 1.71 0.338 0.008 0.006 0.369 0.275 33.6
[sothermal Melting 0.010 - 0.000 0.000 0.002 0.002 0.203
Oxygen-Enhanced Combustion for Recycled Aluminum 0.025 - - 0.000 - 0.003 0.400
Cavity-Enhanced Gas Analyzer for Process Control - - - - - - -
IDryWash® 0.063 0.011 0.000 0.000 0.010 0.009 1.176
IHollow-Fiber Membrane Compressed Air Drying System 0.006 0.003 0.000 0.000 0.001 0.001 0.113
Improved Methods for the Production of Polyurethane Foam 0.106 0.082 0.000 0.000 0.011 0.015 1.88
[Low-Cost, Robust Ceramic Membranes for Gas Separation 0.019 0.008 - 0.000 - 0.002 0.302
[Low-Frequency Sonic Mixing Technology - - - - - - -
[IMembranes for Reverse-Organic Air Separations 0.004 0.004 0.000 0.000 0.002 0.001 0.082
[Micell Dry-Cleaning Technology 0.030 0.003 0.000 0.000 0.005 0.004 0.560
IMixed Solvent Electrolyte Model - - - - - - -
[No-VOC Coating Products 0.007 0.001 - 0.000 - 0.001 0.111
[Nylon Carpet Recycling - - - - - - -
[Pressure Swing Adsorption for Product Recovery 0.404 0.111 - 0.001 - 0.047 6.41

rocess Heater for Stoichiometric Combustion Control 1.46 0.338 0.001 0.005 0.086 0.180 24.2
Supercritical Purification of Compounds for Combinatorial Chemical Analysis 3.77 1.080 0.017 0.013 0.814 0.607 74.1

[Total Cost Assessment Tool

[TruePeak Process Laser Analyzer

FOREST PRODUCTS

Advanced Quality Control (AQC) Solution for Thermo-Mechanical Pulping

Borate Autocausticizing 0.020 0.020 0.032 1.053 142.9
Continuous Digester Control Technolo 9.00 - - 0.032 - 1.05 143
ge'tiection and Control of Deposition on Pendant Tubes in Kraft Chemical Recovery 3.85 1.39 0.029 0.017 2.237 0.595 83.8
oilers

METHANE de-NOX® Reburn Process 1.34 0.159 0.004 0.004 0.194 0.208 25.1
IMultiWave™ Automated Sorting System for Efficient Recycling - - - - - - -
IPressurized Ozone/Ultrafiltration Membrane System 1.26 0.315 - 0.004 - 0.147 20.0
Screenable Pressure-Sensitive Adhesives - - - - - - -
[Thermodyne™ Evaporator — A Molded Pulp Products Dryer 0.341 0.068 - 0.001 - 0.040 5.41

[Advanced Temperature Measurement System

High Luminosity, Low-NOy Burner

[Process for Converting Waste Glass Fiber into Value-Added Products

Ceramic Composite Die for Metal Casting

ICED Modeling for Lost Foam White Side

2ie Casting Copper Motor Rotors 0.112 0.001 0.000 0.018 2.21
Improved Magnesium Molding Process (Thixomolding) 0.074 0.069 - 0.000 - 0.009 1.175
Improvement of the Lost Foam Casting Process 1.96 0.489 0.004 0.007 0.182 0.266 34.2

ILow Permeability Components for Aluminum Melting and Casting

[Rapid Heat Treatment of Cast Aluminum Parts
ISimple Visualization Tools for Part and Die Design

itanium Matrix Composite Tooling Material for Aluminum Die Castings

ibrous Monoliths as Wear-Resistant Components

[Horizon Sensor™

Imaging Ahead of Mining

ireless Telemetry for Mine Monitoring and Emergency Communications

luminum Bronze Alloys to Improve Furnace Component Life

|éutomated Steel Cleanliness Analxsis Tool (ASCAT)
Dilute Oxygen Combustion System

|§lectrochemical Dezincing of Steel Scrap

H-Series Cast Austenitic Stainless Steels

[HotEye® Steel Surface Inspection System

ILaser Contouring System for Refractory Lining Measurements

ife Improvement of Pot Hardware in Continuous Hot Dipping Processes

ILow-Temperature Colossal Supersaturation of Stainless Steels

[Microstructure Engineering for Hot Strip Mills

Shorter Spherodizing Annealing Time for Tube/Pipe Manufacturing

0.000

0.014

1.93

[Transfer Rolls for Steel Production

0.000

0.016

2.19

[Vanadium Carbide Coating Process

0.000

0.000

0.000
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Technologies Commercially Available

Cumulative

Energy
Savings

2007

Energy
Savinc};s

Cumulative Pollution Reductions (Thousand Tons)

(102 Btu) (102 Btu Particulates VOCs SOy NOy Carbon
CROSSCUTTING
[Adjustable-Speed Drives for 500 to 4000 Horsepower Industrial Applications 0.645 0.303 0.003 0.002 0.139 0.104 12.68
Www(gw 0.000 0.000 0.000 0.000 0.000 0.000 0.009

chicles
Aerogel-Based Insulation for Industrial Steam Distribution Systems 0.007 0.006 - 0.000 - 0.001 0.104
Autotherm® Energy Recovery System 0.067 0.025 0.001 0.000 0.039 0.010 1.465
Callidus Ultra-Blue (CUB) Burner 46.8 17.3 - 0.164 - 5.47 743
Catalytic Combustion - - - - - - -
(Composite-Reinforced Aluminum Conductor - - - - - - -
Cromer Cycle Air Conditioner 0.299 0.208 0.001 0.001 0.065 0.048 5.88
Dual-Pressure Euler Turbine for Industrial and Building Applications 0.113 0.048 - 0.000 - 0.013 1.80
[Electrochromic Windows - Advanced Processing Technology 0.000 0.000 0.000 0.000 0.000 0.000 0.006
[Energy-Conserving Tool for Combustion-Dependent Industries 0.011 0.003 0.000 0.000 0.002 0.002 0.225
[Fiber-Optic Sensor for Industrial Process Measurement and Control - - - - - - -
[Fiber Sizing Sensor and Controller - - - - - - -
[Foamed Recyclables - - - - - - -
[Forced Internal Recirculation Burner - - - - - - -
[Freight Wing™ Aerodynamic Fairings 0.058 0.037 0.000 0.000 0.034 0.009 1.267
[Functionally Graded Materials for Manufacturing Tools and Dies - - - - - - -
Ice Bear® Storage Module 0.001 0.001 0.000 0.000 0.000 0.000 0.021
Improved Diesel Engines 1,107 47.0 8.30 4.98 643 171 24,100
In-Situ, Real Time Measurement of Elemental Constituents 0.926 0.222 - 0.003 - 0.108 14.7
[Materials and Process Design for High-Temperature Carburizing - - - - - - -
[Mobile Zone Optimized Control System for Ultra-Efficient Surface-Coating 0.045 0.007 0.000 0.000 0.004 0.006 0.780
[Portable Parallel Beam X-Ray Diffraction System - - - - - -
[PowerRim™ High Wattage Energy Saving CFL Adaptor for Recessed Down Lights 0.330 0.077 0.001 0.001 0.071 0.053 6.48
IPredicting Corrosion of Advanced Materials and Fabricated Components - - - - - - -
[Process Particle Counter - - - - - - -
[Pulsed Laser Imager for Detecting Hydrocarbon and VOC Emissions 1.020 0.574 - 0.004 - 0.119 16.19
[Radiation-Stabilized Burner 0.254 0.066 - 0.001 - 0.030 4.03
Simple Control for Single-Phase AC Induction Motors - - - - - - -
Solid-State Sensors for Monitoring Hydrogen - - - - - - -
SpyroCor™ Radiant Tube Heater Inserts 3.39 1.47 - 0.012 - 0.397 53.8
SuperDrive — A Hydrostatic Continuously Variable Transmission (CVT) 0.006 0.002 0.000 0.000 0.004 0.001 0.134
[Three-Phase Rotary Separator Turbine 0.034 0.001 0.000 0.000 0.007 0.006 0.675
Ultra-Low NOy Premixed Industrial Burner - - - - - - -
[Uniform Droplet Process for Production of Alloy Spheres - - - - - - -
Uniformly Drying Materials Using Microwave Energy 0.162 0.024 0.000 0.001 0.006 0.020 2.69
Vibration Power Harvesting - - - - - - -
;’\_’gar Resistant Composite Structure of Vitreous Carbon Containing Convoluted 0.003 0.002 0.000 0.000 0.002 0.000 0.060
ibers

[Wireless Sensors for Process Stream Sampling and Analysis - - - - - - -
OTHER INDUSTRIES
[Advanced Membrane Devices for Natural Gas Cleaning - - - - - - -
Deep Discharge Zinc-Bromine Battery Module - - - - - - -
[Energy-Efficient Food Blanching 0.011 0.001 0.000 0.000 0.003 0.001 0.203
[rrigation Valve Solenoid Energy Saver 0.017 0.001 0.000 0.000 0.004 0.003 0.329
Long Wavelength Catalytic Infrared Drying System 0.006 0.003 - 0.000 - 0.001 0.092
Plant Phenotype Characterization System - - - - - - -
Plastics or Fibers from Bio-Based Polymers 0.088 0.018 0.001 0.000 0.051 0.014 1.90
[Textile Finishing Process 0.204 0.023 0.000 0.001 0.019 0.028 3.58
(Commercial Technologies Total 1,225 83.6 8.42 5.40 650 186 26,100
TAC Total 1,714 224 8.32 6.26 549 264 34,100
BestPractices Total 901 225 4.41 3.33 294 138 18,000
(CHP Total 2,330 201 299 2.61 1,460 643 64,800
Historical Technologies Total 2,330 N/A 9.20 17.1 476 380 46,000
50| T | w3 | Seec | 00 [ Tow [ w0m
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Appendix 1:

ITP-Sponsored Technologies Commercially Available

N 18T 3 11 18T o 19
¢ Aluminum Reclaimer for FOUNAIY ADPDIICATIONS ...cccvvertirrierieiriteniteesteesteesteesteesteesteesseesstessseesssessseessseessessssessseesssessseesssesssessssesssessnes 20
© AlUMINUIM SCTAP SOTLINE ..eeeuveeruteeiieriieeitteete et e ste et e st e et e sttt s bt estteesbeesateebeesateesseesstesseesssesaseesasesseesaseenseessseesseesssesseessesnseessesnseennee 21
© ISONETTNIAL IMEILINZ. ..o euveeiieeitieeiteeteeeite ettt ettt e e st e et esbt e e bt e e at e e bt e s ab e e beesub e e bt esateeabe e st e eabeesabeeabeesab e e bt esateenseesabeeabaesabeeaseesabeenseenaee 22
¢ Oxygen-Enhanced Combustion for Recycled AIUMINUIN .......oivieiertieterieeiteeieeste ettt ete st e te st e e st etesaeeseesaeesseeseesseensesseensesseensens 23
[0 0 1= 3 1o 1 =N 25
¢ Cavity-Enhanced Gas Analyzer fOr Process CONIIOL......cccuiiriiiriierieeitieeieeitesteesieesteesieesteesbeesteesteessbeesseesssessseesssessseesssessseessessseennne 26
© DIYWASNE ...ttt ettt et e et st e st e et e s st esse s st et e et e e st eassenseass e seanseaseen s e eaeenseeReen s e eR s ensees s e st en s e Reenseeseenseeneeseentenseenseseensenseenrens 27
¢ Hollow-Fiber Membrane Compressed Ailr DIVING SYSIEIM .....uveiiieiiiuiiiieeeeiieieeeeeeiireeeeeesireeeeeeeetteeeeeeeeaseeeeeesisssesseeessrssseessssssseeessennes 28
¢ Improved Methods for the Production of Polyurethane FOAm .........ccccooiiiiiiiiiiiiiiiiieeeeteee ettt 29
© Low-Cost, Robust Ceramic Membranes fOr GAS SEPATAtION . ........cccvvveiiiiiiiieeieeieeiieeeeeeeiiateeeeeeestteeeeesesaseeessessseeesesessssreseessssaseeessnnes 30
© Low-Frequency Sonic Mixing TECHINOLOZY ...ccuuvvviiiiiiiiiiiiiieiitiiee e eeiiteee e e eeettte e e e eeetaeeeeeeesateeeeeeeessabesessessaaseeesesssbasesesenssrasseessnsresseessnnnes 31
© Membranes for Reverse-Organic AIl SEPATATIONS .....cc.uvveeeierireeeeeeeiirreeeeeeiirereeeeeesisreeeeeesirereseesssssesessesissssesesssssssssessmssssssesssmsrssssessenes 32
© Micell Dry-Cleaning TECHNOLOZY .....c.ueirutiriiiiiiirieeiieeteert ettt sttt st e e bt esate e bt e sate e beesabesabeesabessseesabeebeesateesseesaseenbaesasesnsaesaseenseenaes 33
© Mixed Solvent EICCIIOLYEE IMOMEL......cccuurieiiieiiiieee ettt eeete e e eeeeree e e e eeetteeeeeeeetareeeeeeesaraeeeeeeesssaeeeesessssseeesessssaaeeeeanrsaseesansssaeesennnes 34
© NO-VOC COANZ PTOAUCES ....euveeieetieiieiierteeteste ettt et ettt e et te bt ett e bt este et et esseetesatessesatenseesteseesteseensasseensesseenseeatesesntesseensanseensesseensens 35
© NYION CAIPEL RECYCIIIEZ 1evvvvviiiiiiiiiieeieeieieee ettt e e eeetet e e e e eesateeeeeessaateeeeesesaaaseesseaasaeesssessasesessesaasassseesasasssessesasaseseeensasesseessnrasseessnnnes 36
© Pressure Swing AdSorption fOr PrOAUCE RECOVETY ......uvviiiiiiiiiiiiiieiiiieii ettt e eettve e e eesatee e e e eesataaeeeesessasseessesasaeesesessstssseessssraseeessenses 37
@ Process Heater for Stoichiometric Combustion COMIIOL ......cuuviiiiiiiurieieeeiiiireeeeeeiireeeeeesiareeeeeeeessreeeeesesasreeeeessssressesesssresseesssssseeessennes 38
@ Supercritical Purification of Compounds for Combinatorial ChemiCal ANALYSIS......ceeeveveururrriiiiiiiiiieeeeeeeeeeeieeeeeeessisisassasrrrererereeeeeeees 39
© Total Cost ASSESSINEILE TOOL.....cccvriieiieeiiiiieeeeeeiiiee e e eeectte e e e eeeeteeeeeeettreeeeeeeetraseeeeeesasseeeeeesaraseeeeaassssseesensssseeesessssseeeeeassrssseesanssseeesennnes 40
© TruePeak PrOCeSS LLaSET ANALYZET .. .uuveveeeeiiiiiiiieiie e eeeeee et ee et e et eeeeeeeteeeeeesesas s sssaassasaseeeeeeeeeeeeaeeeeeesesesessssssssssssnssrsssnrereesenees 41
[0 Y =Xy A o o Yo L1 o 3N 43
¢ Advanced Quality Control (AQC) Solution for Thermo-MechaniCal PUIDINE .....c.uuvietiieierieeeeeieeeeeeeseeireeeeeeeeereeeeessesreeesssssrsssesssssns 44
© BOTate AULOCAUSIICIZITIZ .. eeeuveerurerteeniteerteenteeteesteesteesuteesseesseeeseesseesbaesssesssaesuseesseesateesseesstesaseesasesseesaseenseesssessseesssesseessesnseesseenseennen 45
¢ Continuous Digester CONrol TECANOLIOZY ....coviiruiiriiiiiiiiiiiieeteete ettt ettt e bt e st s bt esabe e bt e sateesbeesateebeesabeeseesabeeseenaee 46
@ Detection and Control of Deposition on Pendant Tubes in Kraft Chemical Recovery BOIIETS.........coivvuviiiiiiiieiieeiiiiieeeeeeeeieeeeee e 47
© METHANE de-INOX® REDUITI PTOCESS ....vveiiiueiiiieiieiettieeeteeeeete e ettt e eeateessaateesteesssssessssaeesssssessasssesasssessnsseesssesessssessssssesssssesssssessseeasns 48
¢ MultiWave™ Automated Sorting System for Efficient RECYCHNE .....ccvevuiiiiiieriiiieriicieieetesie ettt e et eesae e saessaesaeeaes e essesssensens 49
@ Pressurized Ozone/Ultrafiltration MemDIane SYSIEIMN ......ccceivuveieiieiiiirieieeeeitereeeeeertreeeeeesareeeeeeeestreeseesessseeeeeessssreeseeessresseessssrsseeessennes 50
© Screenable Pressure-SenSitiVe AGNESIVES ......cccuvveiiieieiirieeeeeiiteeeeeeeiitreeeeeeeerereeeeeesareeeeeestareeeeeesesssesessesasseeseessssssssesenssrssseessestssseeseenses 51
@ Thermodyne™ Evaporator — A Molded Pulp ProductS DIVET .......cc..eeeevieeeueeeeeeeeeeeeeeeeeeeeeeteeeeeteeeeeeeeeereeeeeseeeeesseeeesseeenseeeensnseensneeeans 52
] - = 3N 53
© Advanced Temperature MeaSUI€MENT SYSIEIMN........ccieruurrieeieiirreeeeeiiitrereeeeiirereeeeessisreeeseesisseseseesssssssessesissseessessssssssessnsssssseessnsssseessnnns 54
¢ High Luminosity, Low—NOA BUITIET «.vvee et ee e e e et e e e e e abae e e e e eettaeeeeseeabaaeeeeeanaabaseeeenstareeeesetarereeeenarareeeean 55
@ Process for Converting Waste Glass Fiber into Value-Added ProdUcCES.............coeeevvieiieeiirieeeeeeeiieeeeeeeeieeeeeeeeirreeeeeesenreeeeeeeernneeeeeennns 56
1 =Y i 1 IO T3 1] 4V PSPPI 57
@ Ceramic Composite Die fOr MEtal CaASTIE ......uvvveeeiieiveieeiieiitieeeiesiirteeeeeesssaeeseetessitsrsesssisssssessommssreeesssssbaseestossssssesessssssssseesisnsstoeeessnes 58
€ CFD Modeling for Lost Foam White Side .............. ..l ..., Lo LI ... corie b e 59
@ Die Casting CopPEr MOTOT ROUOIS .. ..ccccuvreeiissiiloeeeesessassesessssasssssssssssssssssssssssssesssssssssssssssssssssssssssssssssesessssssesssissssssseifonsssaneeoonsasssesssssns 60
@ Improved Magnesium Molding Process (ThiXOMOIAINE) ...cccuveeeiieeeiiierieeiiiiireeeeeeiiereeeeeeninreeeeeeeessseeesesesssseeseesssssssessssssessseensssseeesennes 61
€ Improvement of the L.ost Foam Casting Pieces S et eneeeeeresss MO 1 ... . oeeeethnneeeeeeeod. LA RN 62
¢ Low Permeability Components for Aluminum Melting and CaStiNg .......cecueeueeruereerierierierienieetenteeitesteestesseenseeaeessessessesssessesssesseensens 63
¢ Rapid Heat Treatment of Cast AIuMINUM PATES ...cc.eeiueiuiiiiiiiitieieteeee ettt et et be e st sut et e eaeesaeeatesbe e e sebesabeebeeneens 64
¢ Simple Visualization Tools for Part and Di€ DESII ....cc.cevuieuieiiiriiniieieitieiesteete sttt ete st e ettt e st st estesuee st e sueessesatesseeaesabesbenseensens 65
4 Titanium Matrix Composite Tooling Material for Aluminum Die CaSHINES ...ccceoueervereerrerienienieniieienieieseestesaeenaensnesieeseesseenesseesens 66
MiINING oo e S B .........ccce e o mmnnnnns e 67
@ Belt Vision InSpectiONTSHSIEIN . ... 0ueeeeesssnsssssssssnnnnssess ol . e s tesse oML ... .e.uvvrreeeoennsseesobassnnntasssesssnnssssssssnnsassssssssnnssssodssns 68
@ Fibrous Monoliths as Wear-ResiStant COIMPOMNEILS .........eecieervreeeeeserrereesessssseseesesisssssssssssssssssasssssssssessosssssssssesssssssssesssssssssesssssssreessssss 69
@ Horizon Sensor ... a...... e O | . e eesneennns s e Tivenssseesssresesaneesanseennns 70
€ Imaging Ahead of Minin g, ... I . . T rreecsteesseesstesseesssassressns TrOEOMEIoR RNt oot e s aeaanaeastesnseesnseesssenssiTiTrumseeessessses 71
© Lower-pH Copper Flotation REAZENT SYSTEIM......ueiiiiiiiurieeeieiiirieeeeeeiireeeeeeeritereeeeeeiareeeeeesiareeeeeeesssssasessessssseeseesssssesesesssssseeessnsssssessennes 72
¢ Wireless Telemetry for Mine Monitoring and Emergency COmMMUNICALIONS .....cccveeruterrueertersiienieriieesieesieeseeessteeeessseessessseesseesseenaee 73
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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 I'TP, 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

20

Overview

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

¢ Commercialized in 2001

¢ Fourteen units installed in the United
States

U.S. Energy Savings

(Trillion Btu)
Cumulative through 2007 2007
0.003 0.001

U.S. Emissions Reductions
(Thousand Tons, 2007)

Particulates SO, NO_ | Carbon
0.0 0.0 0.0 0.011

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
Productivity

Contributes directly to profits by decreasing
melting losses. 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
eliminates a large portion of these costs.

Waste Reduction

Minimizes the volume of material requiring
landfilling and recovers a higher percentage
(up to 80%) of metallics than current
methods.
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Aluminum Scrap Sorting

IMPACTS

Effective Scrap Sorting Overview

Provides Large Energy Benefits Developed by Huron Valley Steel

Corporation

Huron Valley Steel (HVS) Corporation has developed scrap sorting ( b 9
www.hvsc.ne

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

7500 tons of sorted product processed in
2007

U.S. Energy Savings

chemical analysis of each scrap particle and allows the sorting line to (Trilion Btu)
separate individual alloys. Cumulative through 2007 2007
1.71 0.338

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 U.S. Emissions Reductions
batching of specific alloy compositions from the analyzed scrap. This

process will help improve the melt composition of recycled materials and is (Thousand Tons, 2007)

more efficient and less energy intensive than existing chlorination, fractional Particulates SO, NO_ [ Carbon
solidification, and electro-refining processes. 0.002 0.073 | 0.054 6.63
Benefits

Applications

Can be used in sorting of mixed aluminum
scrap streams and vehicle and other
equipment scrap streams

Environmental

Decreases the production of primary metal by using aluminum that
otherwise would have been scrapped and thereby reduces greenhouse gas
emissions.

Use of Raw Materials/Feedstocks

Capabilities
Can eliminate a portion of raw aluminum production and any other alloys P
that the process is applied to. Improves sorting of mixed aluminum

scrap streams.

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

Spectrometer

Laser Separates cast aluminum from wrought,

Camera groups aluminum into alloy families, and
\v differentiates between wrought alloys.
Sheet Al XV
Concentrate from A (nm)

Car Shredder

Al Alloy

Alloy

Aluminum Scrap Sorting System
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Isothermal Melting

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 with opening a hearth 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 Technology’s 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
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Overview

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

Installed at one plant in Ohio

U.S. Energy Savings

(Trillion Btu)
Cumulative through 2007 2007
0.010 0.00

U.S. Emissions Reductions
(Thousand Tons, 2007)

Particulates SO NO_ | Carbon
0.0 0.0 0.0 0.0

Applications

Can be used in aluminum melting processes
and other metal melting processes

Capabilities

Can be retrofitted to existing furnaces.

Applies to multiple types of molten metal
heating operations.

Benefits
Cost Savings

Reduces metal lost to oxidation to <1%.

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

IMPACTS

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-NOy 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 system 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 NOy emissions while reducing
energy usage and increasing melting productivity.

Benefits

Cost Savings
Reduces the overall oxygen consumption and costs by 33% compared with the
previously installed burner.

Environmental Quality
Reduces NOy emissions by 80% and significantly reduces CO, keeping both
contaminants well within stringent compliance levels.

Productivity

Increases production rate by 26%.

Air

0, VSA

Sieve-Assisted
Storage Vessel

LOX Backup Natural Gas
High Purity
Stream
@ Burner Flow Controls
Product . .
Compressor Combustion Air

Oxygen-Enhanced Combustion
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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 2007 2007
0.025 0.0

U.S. Emissions Reductions
(Thousand Tons, 2007)

Particulates SO NO Carbon

0.0 0.0 0.0 0.0

Applications

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

Can be used in other metal melters for
zinc, lead, copper, and nonferrous and
ferrous metals and in metal tolling and
dross recovery operations

Capabilities

Maintains very low NOy levels while
reducing energy use and increasing
melting productivity.

Avoids an increase in melting costs or the
need for large capital expenditures.
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Cavity-Enhanced Gas Analyzer for Process Control

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 is a
critical need for ethylene manufacturers.

Los Gatos Research, in partnership with Dow Chemical and Analytical
Specialties, 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
having 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

Laser Control

Electronics and

Data Collection

Analysis System

Cavity-Enhanced Gas Analyzer System
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IMPACTS

Overview

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

(www.lgrinc.com)

Commercialized in 2006 with five units
in operation

Applications

Can be used to measure trace acetylene
concentrations in ethylene gas flows,
providing a real-time measurement of
potential contamination.

Capabilities

Provides measurements 50 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.

DOE Industrial Technologies Program
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IMPACTS

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 CO,-
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 CO,— it is inert, stable, noncorrosive, and nonflammable — the
DryWash system introduces a new generation of technology to the dry cleaning
industry.

DryWash uses iquid CO,-based fluid (not generic CO,) as the base solvent,
but adds a new surfactant (dirt removing detergent additive) 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; at the end of the cycle,
the dirt and oily residue drop out and CO, pressure is lowered, allowing for the
efficient recycling of CO,.

Global Technologies, LLC, began introducing the DryWash system in Europe

in the fall of 1998 and started marketing it in the United States in mid-1999.
Commercial systems are now being sold by Alliance Laundry Systems LL.C and
SailStar USA.

DryWash®

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 2007 2007
0.063 0.011

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

Drywash Process
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U.S. Emissions Reductions
(Thousand Tons, 2007)

Particulates SO, NO_ | Carbon
0.0 0.002 | 0.002 0.213

Applications

Can be used to replace conventional dry-
cleaning systems that use perchlorethylene
or petroleum-based solvents

Capabilities
Uses an environmentally benign solvent

(CO,-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

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

IMPACTS

Overview

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

Commercialized in 2004

3630 units operating in the United States
in 2007

U.S. Energy Savings

(Trillion Btu)
Cumulative through 2007 2007
0.006 0.003

U.S. Emissions Reductions
(Thousand Tons, 2007)

Particulates SO NO_ | Carbon

X

0.0 0.001 | 0.001 0.068

Applications

Can be used by 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.

Is 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
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Improved Methods for the Production of Polyurethane Foam

IMPACTS

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 U.S. 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 surfactants enabling the efficient production of the
full range of foam grades using a more environmentally benign CO, blowing
agent. In addition to lowering toxicity, the new process uses less energy and
reduces the net release of CO,, which is implicated in global warming.

The challenges in using liquid CO, 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

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

Safety

Improves compatibility with flame retardants.

Waste Reduction

Reduces the toxicity of the process and uses the CO, blowing agent more
effectively for reduced CO, release to the atmosphere.

Conventional Method

Overview

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

Commercialized in 2006

U.S. Energy Savings

(Trillion Btu)
Cumulative through 2007 2007
0.106 0.082

U.S. Emissions Reductions
(Thousand Tons, 2007)

Particulates SO, NO_ | Carbon
0.0 0.009 | 0.011 1.45
Applications

Can be 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

CO
2

Polyurethane

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

Innovative Ceramic Membrane Reduces
Energy and Cost of Industrial Gas Separation

Ceramic membranes offer great potential for industrial gas separation.

IMPACTS

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)

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.

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

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.

Installed in two U.S. locations for
recovery of water vapor and energy, with
a third installation scheduled in 2008

U.S. Energy Savings

Applications are targeted toward hydrogen production, water and energy o
recovery from flue gas, and CO, removal in natural gas processing. In (Trillion Btu)

addition, this low-cost membrane is currently under consideration as substrate Cumulative through 2007 2007
for a wide range of thin films capable of industrial gas separations and is 0.019 0.008
being used commercially without the gas separating layer for a wide range of
liquid phase separations.

U.S. Emissions Reductions

Benefits (Thousand Tons, 2007)
Energy Savings Particulates [ SO_ | NO_ | Carbon
Allows gas separation at higher temperatures, eliminating the need to cool 0.0 0.0 ] 0.001 0.127

gases beforehand and therefore saving cooling energy.

Applications

Can be used in natural gas processing,
landfill gas recovery, hydrogen production,
disposed of. and water and energy recovery. Liquid
phase separations are also possible without
the gas separating layer. Can be used as
low cost substrates for deposition of various
membrane layers.

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

Cermmic Membrane Tubes

Capabilities

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

I_"rlll.l-llll';_

Simplifies chemical production
processes.

Enhances conversion of chemical
; ; : reactions.
Ceramic Memboine Elemenis

Media and Process Technology’s Ceramic Membrane Tubes and Elements
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Low-Frequency Sonic Mixing Technology

IMPACTS

New Acoustic Mixing Technology Improves
Productivity Using Low-Frequency, High-Intensity
Sound Energy

Typical mixing technology uses a drive mechanism—usually an electric,
hydraulic, or pneumatic motor—to rotate a shaft with one or more impellers.
While many other mixer designs are available, including static mixers that do
not use motors, the motor-driven mixer is the most prevalent mixing method.

Resodyn Corporation’s ResonantAcoustics® mixing (RAM) technology,
developed with the aid of a grant from DOE’s Inventions and Innovation
Program, is an improved approach to solving mixing and dispersion problems
associated with conventional impeller agitation and ultrasonic mixing. Rather
than mix by inducing bulk fluid flow, such as impeller agitation, RAM agitation
mixes by inducing microscale turbulence through propagating acoustic waves
throughout the medium. The RAM system has a lower frequency of acoustic
energy and larger scale of mixing than ultrasonic agitation. Another distinct
difference from ultrasonic technology is that the RAM devices are simple,
mechanically driven agitators that can be made large enough to perform
industrial-scale tasks at reasonable cost.

RAM introduces acoustic vibrations into liquids and slurries via the resonant
vibration of a mechanical system. The impedance of the vibrating system is
matched to that of the load, i.e., the process fluid. The entire system vibrates in
resonance, which allows efficient energy transport to the fluid, creating small-
scale eddies. Although the eddies are microscale, the entire reactor is well
mixed in an extremely short time because the acoustic streaming, generated by
the acoustic field, causes the microscale vortices to be distributed uniformly
throughout the fluid. Multiple mixing regimes are possible by using the RAM
system and the controls developed exclusively for it.

Since the commercialization of the technology, Resodyn has sold tens of
laboratory-scale mixers to both U.S. and international customers and has
extended the product line by adding 5-gallon and 55-gallon capacity mixers for
production applications. Industries that use mixers in their production process
are extremely receptive to new mixing technologies that could help improve
efficiency and lower their manufacturing costs.
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p.:f;nlgnm applications.

Overview
Developed by Montec Research, Inc.

Commercialized in 2007
Marketed by Resodyn Acoustic Mixers,

Inc.
(www.resodynmixers.com)

Applications

Can be used in a number of industries,
including agriculture, chemical
manufacturing and processing, food,
mining, municipal waste treatment,
petroleum, pharmaceutical, pulp and paper,
aerospace, microelectronics, and water
treatment.

Capabilities

Uses acoustic energy rather than
impellers to mix gases, liquids, and
slurries.

Mixes a wide viscosity range (IcP to
100+million cP).

Can mix in a shipping container using a
LabRAM 500 ml mixer.

Benefits

Productivity

Enhances mass transport and improves
reaction rates on both macro- and micro-
mixing levels. Can easily tune to different
frequencies, making them suitable for
multiple applications, such as heat- or mass-
transfer limited systems, those that expend
inordinate mixing energy, or those that
require mixing uniformity.

Profitability

Reduces mixing time up to 62% and
competes with current mixer prices in many
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Membranes for Reverse-Organic Air Separations

IMPACTS

New Membranes Use Reverse Separation to Reduce
Pollutant Emissions

Many industrial applications need a process to separate pollutants known
as volatile organic compounds (VOCs) from air in order to protect the
environment and save energy. One such application is the venting of
vapor from underground storage tanks (UST) used in gasoline storage and
dispensing. These vapors, which can build up and create high pressure
within the UST, contribute to ground-level ozone and smog upon release.

Traditional separation of VOCs uses rubber-based polymer membranes;
however, these membranes are inadequate for applications requiring

pressure relief by venting or low-pressure condensation of VOCs because
they permeate VOCs more rapidly than air. To address this shortcoming,
Compact Membrane Systems, Inc., in conjunction with project partners and
support from DOE’s SBIR program, has developed a novel reverse separation
membrane that can be used to discharge clean air at low to slightly negative
pressure, while leaving the VOCs fully contained in the fuel storage tank.

In addition to recovering the fugitive emissions from storage tanks, the
system enables the UST and associated piping to operate under negative
pressure while providing continuous diagnostics of the refueling system,
such as storage tank structural integrity. Maintaining a slight vacuum on
the UST ensures that any potential leaks within the system are contained
within the tank and are not accidentally released to the environment.
Continuing research and development are focused on applications where
robust membranes are deployed in gas separation from both vapor and liquid
streams.
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Compact Membrane Systems’ Vapor Recovery System
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Overview

¢ Invented by Compact Membrane
Systems, Inc.
(www.compactmembrane.com)

¢ Commercialized in 2007

U.S. Energy Savings

(Trillion Btu)
Cumulative through 2007 2007
0.004 0.004

U.S. Emissions Reductions
(Thousand Tons, 2007)

Particulates SO NO Carbon

X X

0.00 0.002 | 0.001 0.082

Applications

Can be used by gasoline storage and
dispensing facilities, pharmaceutical
processes, and fuel oil tank farms engaged
in preventing the unintended release of
VOCs from storage tanks.

Capabilities
© Reduces VOC emissions below the

California Air Resources Board limit of
0.38 Ib/month/1000 gallon capacity.

¥ Enables continuous monitoring of storage
tank internal conditions, structural
integrity, and leak-checking.

Benefits

Energy Savings

Prevents fuel vapor escape from a gasoline
storage tank, thereby potentially saving
180 million gallons of gasoline per year
domestically.

Envionmental

Decreases VOC emissions to the atmosphere
by limiting gasoline tank leakage.

DOE Industrial Technologies Program
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Micell Dry-Cleaning Technology

IMPACTS

New Cleaning Method Eliminates Use of
Harmful Chemicals while Saving Energy

Micell Technologies developed a new dry cleaning technology using patents
and know-how that is based on ITP-sponsored research on CO, surfactant
technology performed by the Pacific Northwest National Laboratory. The
Micell CO, dry cleaning technology is called the Micare™ system. Micell
Technologies was the parent company of Hangers Cleaners, who offers
franchises incorporating the Micare dry cleaning technology.

The heart of the Micare system is the specially designed MICO, machine with
a 60-pound capacity and ability to hold liquid CO,. Garments to be cleaned
are placed inside a large rotating basket in the MICO, machine and the door

is closed, sealing the system. Carbon dioxide is added from the storage tank
along with the Micare detergent package. This patented detergent system
enhances the cleaning ability of the liquid CO,, allowing it to remove dirt from
the garments. After the cleaning cycle, the machine pulls the solution of liquid
CO, and cleaning detergents away from the clothes and then cleans and recycles
the CO,. Most (98%) of the CO, is recycled, while a small amount of CO, gas
is then vented to the atmosphere. The cleaned garments are then removed from
the wash tank after a cycle time of 35-45 minutes.

Benefits
Energy Savings

Eliminates the energy-intensive drying cycle used by conventional dry-cleaning
systems.

Productivity

Reduces operating time and costs less to operate than conventional systems.

Quality

Cleans effectively with no unpleasant odors, treats garments gently, and
eliminates the chance of heat-related damage or setting of stains, because the
drying cycle is eliminated.

Waste Reduction
Eliminates harmful releases
of perchlorethylene or other
petroleum solvents to both

"

Condenser| ) Compressor

the air and groundwater. Detergent

|Lint Filter|5 ~{Carbon Filter|

Micell Dry-Cleaning Process
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Overview

Commercialized in 1999 by Micell
Technologies

In 2007, there were 23 Micare machines
serving U.S. Hangers Cleaners stores.
(www.coolclean.com)

U.S. Energy Savings

(Trillion Btu)
Cumulative through 2007 2007
0.030 0.003

U.S. Emissions Reductions
(Thousand Tons, 2007)

Particulates SO, NO_ | Carbon

0.0 0.001 | 0.001 0.063

€Servo.
orkin .
Stil
NllCOz Tank .

Wash Wheel

Applications

Can be used to replace perchlorethylene
or petroleum-based solvents used by
conventional dry-cleaning systems

Capabilities

Cleans equal to or better than
conventional systems; is similar to
conventional front-load, mechanical
action machines and features gentle wash
and extract cycles.

Requires only 35 to 45 minutes to clean a
60-pound load.

Vent
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Mixed Solvent Electrolyte Model

Software Tool to Predict Solubility of Solids
and Other Thermophysical Properties

With assistance from ITP, OLI Systems, Inc., developed the mixed-solvent
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 equilibria, densities,
heat effects, viscosity, electrical conductivity, and diffusivity.

The model incorporates chemical equilibria to account for chemical
speciation in multiphase, multicomponent systems. For this purpose, the
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
aqueous electrolyte solutions. Separate formulations have been developed
for predicting transport properties in the same range of temperature and
compositions.

The model has been implemented in OLI Systems’ commercial software,
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
mixed-solvent electrolyte model is already used by more than 50 chemical
process companies that lease OLI’s software.

Electrolyte Process Stream and QOil and Gas Well
Simulation (ESP) Corrosion Analyzers Scaling (ScaleChem)

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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IMPACTS

Overview

Developed and marketed by OLI
Systems, Inc.
(www.olisystems.com)

Commercialized in 2005

Sold 64 U.S. licenses and 96 non-U.S.
licenses

Applications

Can be used to optimize crystallization and
other separation processes throughout the
chemical and pharmaceutical industry

Capabilities
Predicts crystallization and other
separation processes.

Predicts solubility of solids and other
thermophysical properties.

Benefits

Efficiency
Improves process control, filterability, and
mixing efficiency.

Energy Savings
Substitutes crystallization for more
energy-intensive process units.

Product Quality

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

DOE Industrial Technologies Program
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IMPACTS

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

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 clean-up operations. With help from a 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
additional 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 needed 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.

DOE Industrial Technologies Program

No-VOC Coating Products

Overview

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

(Www.rpminc.com)

Commercialized in 1998

787,371 gallons produced and applied
through 2007

U.S. Energy Savings

(Trillion Btu)
Cumulative through 2007 2007
0.007 0.001

U.S. Emissions Reductions
(Thousand Tons, 2007)

Particulates SO, NO_ | Carbon
0.0 0.0 0.0 0.020

Applications

Can be used 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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Nylon Carpet Recycling

New Process Recovers and Reuses Nylon from Waste
Carpeting Saving Energy and Costs

With a desire to keep materials out of the landfill, Shaw Industries, Inc., has
incorporated a novel process developed by Honeywell International, Inc.,

and DSM Chemicals North America, Inc., into the largest Nylon-6 carpet
recycling facility in the United States. The recovery process not only reduces
the amount of carpet-based material destined for landfill, but produces virgin
quality caprolactam, the monomer building block of Nylon-6 resin used to
make carpet fiber.

With proof-of-principal financial assistance provided by I'TP, the closed-
loop depolymerization and purification process allows Nylon-6 recyclers to
recover and reuse a significant percentage of the raw materials used to make
carpeting while consuming less total energy compared with the conventional
production of caprolactam. In addition to caprolactam recovery, the process
can reclaim calcium carbonate used for carpet backing and other polymers
used in carpet manufacturing for future use.

Shaw Industries’ Evergreen Nylon Recycling (ENR) facility is the largest
commercial-scale Nylon-6 recycling plant in the world. With the plant
currently in operation, ENR is drawing from over 40 carpet collection
facilities across the nation and has collectively kept over 165 million
pounds of carpet out of landfills. The Cradle to Cradle™ process recovers
approximately 25 million pounds of caprolactam and 35 million pounds of
calcium carbonate filler and recovers up to 300 billion Btu each year.

Tamm Exiresosm

Mlon Respcding

” Landfill

Shaw Industries’ Nylon Carpet Recycling Loop
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IMPACTS

Overview

Developed by Honeywell International,
Inc., and DSM Chemicals North
America, Inc.

Evergreen Nylon Recycling facility in
Augusta, GA, is owned and operated by
Shaw Industries, Inc.
(www.shawinc.com)

Recycled over 165 million pounds of
post-consumer carpeting since re-
opening of the facility in 2007

Produced in excess of 25 million pounds
of virgin quality caprolactam in 2007

Applications

Can be used to recover and reuse the
primary constituents of reclaimed carpeting
and carpet fibers including caprolactam,
calcium carbonate, and other polymers

Capabilities

Produces virgin quality pure caprolactam
using the closed-loop depolymerization
and purification system.

Enables processing of whole Nylon-6
carpets and eliminates mechanical
separation.

Enables reuse of recovered raw materials
in Nylon-6 as carpeting, fibers, and
resins.

Benefits
Energy

Reduces energy consumption in the
production of Nylon-6 resin and carpet fiber.

Environmental

Reduces landfilling of nylon waste carpets
and other Nylon-6-based materials and
reduces raw material demand for the
production of Nylon-6.

DOE Industrial Technologies Program
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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, NOy, and

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

With assistance from ITP, 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
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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 2007 2007
0.404 0.111

U.S. Emissions Reductions
(Thousand Tons, 2007)

Particulates SO, NO Carbon

X

0.0 0.0 0.013 1.76

Applications

Can be used by 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. 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

Can collect and separate for reuse exit
streams from certain processes, eliminating
the emissions and need for disposal. Can
save energy and costs by eliminating flaring
of waste streams, which is typically part of
disposal.

Profitability and Productivity

Reduces operating and emission costs

by eliminating flaring and increases
productivity by reusing products in the feed
streams.
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Process Heater for Stoichiometric Combustion Control

An Enhanced, CO-Based, Low Excess Air Control
System Saves Energy While Reducing Emissions

To heat liquids and induce chemical reactions during production processing,
the refining and chemicals industries rely on process heaters and boilers

that consume large amounts of fuel. Bambeck Systems and Valero Energy
received a grant from I'TP to demonstrate how fuel can be saved by fully
automating the available air to the three types of heaters typical to a refinery.
Using a 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. Using this parameter in the control scheme optimizes the air
needed for combustion, thereby not wasting fuel to heat unneeded air.

The three requirements to successfully implement this technology are the fast
CO analyzer, a new control strategy, and operator education. The analyzer
provides CO data to the existing heater control system. The current control
strategy is then modified to reduce the air to the heater via the 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 change rapidly, the
fast CO analyzer responds to the change in demand for O, and, through the
control system, sends commands to the dampers, fans, and registers to open
or close. Because operators historically used an O, monitor to ensure that the
combustion process has excess air, the operators need to 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 O, also reduces both NO, and CO, (greenhouse gas).

/ Damper Actuator
Distributed
CO Analyzer Control
System
. with
Draft Transmitter Bambeck
Controls

O2 Analyzer

Heater
Limits

— Burner Registers

Bambeck Ultra-Low Excess Air Control System
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Overview

Developed and being marketed by
Bambeck Systems, Inc.
(www.bambecksystems.com)

Commercialized in 2002 with over 700
of the original technology installed

Seven enhanced ultra-low versions
installed

U.S. Energy Savings

(Trillion Btu)
Cumulative through 2007 2007
1.46 0.338

U.S. Emissions Reductions
(Thousand Tons, 2007)

Particulates SO NO_ | Carbon
0.0 0.020 | 0.042 5.60

Applications

Can be used by the chemicals,
petrochemicals, and refining industries

Capabilities
Monitors the unburned fuel gases and
controls the amount of air available for
the combustion process, providing the
minimum amount needed.

Benefits

Reduced Emissions

Reduces NO, emissions from 30% to 45%
and CO, in proportion to the size of the
heater.

Safety

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
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Overview

Developed by Berger Instruments, Inc.,
and marketed by Thar Instruments, Inc.
(www.tharsfc.com)

Commercialized in 2000

153 units operating in the United States
in 2007

U.S. Energy Savings

(Trillion Btu)
Cumulative through 2007 2007
3.77 1.08

U.S. Emissions Reductions
(Thousand Tons, 2007)

Particulates SO, NO_ [ Carbon
0.005 0.233 | 0.174 21.2
Applications

Can be used in 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.
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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 has 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 ITP 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 9 units to date: 3 in the United
States and 6 internationally

Commercialized in 2005

Applications

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
Identifies best environmental and

economic options in business decision-
making.

Aligns environmental goals with good
business strategies.

Integrates internal costs and externalities
into a single assessment process.

Benefits

Environmental Benefits

Selects waste management investment
decisions that are environmentally sound
and reduces 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 O,, H,O, 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

Can be used for 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
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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.
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Sensors L1 » Freeness
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* Average Production JEE4N|/]
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Process Inputs MPC Sensor Outputs
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44 AQC System Schematic for Pulp Refining
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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 2007 2007
0.923 0.154

U.S. Emissions Reductions
(Thousand Tons, 2007)

Particulates SO NO Carbon

X X

0.001 0.033 | 0.025 3.02

Applications

Can be used to link 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; uses an average of 125
horsepower days/ton in the plant down from
145 horsepower days/ton.

Production

Uses stock blending quality control to
optimize the blend of feedstock 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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New Technology Increases Energy Efficiency of Kraft
Chemical Recovery Process and Causticizing

Boron-based autocausticizing is a new, cost-effective technology to recover
kraft pulping chemicals. Conceptually, the technology can be used to

supply part or all of the sodium hydroxide requirements of the kraft process,
supplementing or replacing the lime cycle. Because the de-carbonating
reactions take place directly in the recovery boiler, instead of the lime kiln, this
process reduces energy consumption and increases causticizing and calcining
capacities.

The technology uses sodium metaborate to react with sodium carbonate in
the kraft furnace. Once the reacted salts are dissolved in the green-liquor
dissolving tank, sodium hydroxide is formed, and the sodium metaborate
is regenerated. The technology provides more energy-efficient hydroxide
production, increases the causticizing equilibrium, and, when used in
conjunction with the conventional lime cycle, increases the causticizing/
calcining capacity.

Rio Tinto Minerals, with I'TP support, has developed partial borate
autocausticizing, which is being implemented in pulp mills worldwide to
supplement conventional lime causticizing with almost no capital investment.
The one U.S. application is in the P.H. Gladfelter Co. mill in Spring Grove,
Pennsylvania, where it increased production by roughly 5% in 2007.
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Borate Autocausticizing Process
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Borate Autocausticizing

Overview

Developed by U.S. Borax/Rio Tinto
Minerals

Commercialized in 2004

Being used in one U.S. plant and in four
international plants.

U.S. Energy Savings

(