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DISCLAIMER 

This report was prepared as an account of work sponsored 
by an agency of the  United States Government. Neither t he  
United States Government nor any agency thereof, nor any 
of their employees, make any warranty, express or implied, 
or assumes any legal liability or responsibility for the  
accuracy, completeness, or usefulness of any information, 
apparatus, product, or process disclosed, or represents that 
its use would not infringe privately owned rights. Reference 
herein to any specific commercial product, process, or 
service by trade name, trademark, manufacturer, or 
dtherwise does not necessarily constitute or imply its 
endorsement, recommendation, or favoring by t he  United 
States Government or any agency thereof. The views and 
opinions of authors expressed herein do not necessarily 
s ta te  or reflect those of t h e  United States Government or 

. any agency thereof. 
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INTRODUCTION TO THE 
EXECUTIVE SUMMARY 

and Environmental Quality of American Industry I through Technology Partnerships 

The Office of Industrial Technologies: 
Enhancing the Competitiveness, Efficiency, 

Since the world oil embargo of the 
early 197Os, our Nation’s energy pol- 
icy has emphasized improving both 
energy supply and end-use efficiency. 
Over the past 20 years, the private and 
public sectors each have made valu- 
able contributions to energy efficiency 
and environmental improvement. 

An important component of the 
Federal Government’s effort to stim- 
ulate improved industrial energy 
efficiency is the Department of 
Energy’s (DOE’S) Office of Industrial 
Technologies (OIT) . OIT engages 
private sector firms in cost-shared 
research, development, and deploy- 
ment partnerships that address emerg- 
ing and strategic technology needs 
identified by prominent panels of 
industry experts and executives. 

This document briefly describes 
OIT’s program. It profiles the energy, 
economic, and environmental char- 
acteristics of OIT’s principal cus- 
tomers-the materials and process 
industries-that consume nearly 
80% of all energy used by industry 
in the United States. OIT-supported 
research, development, and demon- 
stration (RD&D) activities relating 
to these industries are described as 
well as OIT’s crosscutting technology 
programs that target the needs of 
multiple U.S. industries. Quantitative 
estimates of the potential benefits 
(or metrics) to U.S. industry of many 
current OIT-supported technologies 
are also discussed. 

This Executive Summary highlights 
a more detailed report that contains 
an indepth description of the OIT 
RD&D program, its context, and 
potential future benefits. The full 
report provides most of the informa- 
tion we believe our customers want to 
know about our program. It is an out- 

growth of OIT’s evolution to a Total 
Quality Management (TQM) organ- 
ization-one that strives to continu- 
ously improve the quality of its pro- 
ducts, services, and the satisfaction 
of its customers. We urge our readers 
to review the full report for more 
information on any subject discussed 
in this brief summary. 

The Executive Summary and the full 
report complement another docu- 
ment titled “Summary of Program 
Impacts.” This document provides 
descriptions of OIT-supported tech- 
nologies that have been successfully 
commercialized and analyzes the 
impacts these technologies have 
already had on industry. Taken 
together, the two reports provide 
an accounting of the past, current, 
and potential future energy, eco- 
nomic, and environmental benefits 
of the OIT program to industry and 
the Nation. 

In keeping with our TQM philosophy, 
we invite your comments or questions 
about either of the documents or any 
other aspect of the OIT program; 
contact points are listed on the inside 
back cover of each of these reports. 
We hope these reports will stimulate 
dialogue with our customers about 
their needs, the extent to which our 
products and services meet those 
needs, and how we can improve our 
products and services in the future. 

DISTRISUTJON B 

OIT Mission 

The mission of OIT is to develop and 
deploy-through cost-shared partner- 
ships with industry, Government, and 
nongovernmental organizations- 
advanced energy efficiency, improved 
productivity, renewable energy, and 
pollution prevention technologies. 

~~~ ~ ~- __I___ ~- 
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WHY FEDERAL SUQPORU OF 
ENERQV EFFPCUEWCV RESEARCH 
AND DEVELOPME~T US NEEDED 

There is a gap emerging in the 
funding of medium- and long-term 
research and development (R&D) 
that threatens to limit the future stock 
of innovative technology U.S. indus- 
tries will need to remain competitive 
and environmentally sound. Driven 
by competitive pressures to downsize, 
streamline, move technology closer 
to tlie customer, reduce costs, and 
improve quality, U.S. firms increas- 
ingly are devoting their scarce 
resources to short-term product 
and process development. 

Private sector U.S. firms often are 
not inclined to undertake the typi- 
cally costly, high-risk, long-term R&D 
required to develop the highly effi- 
cient, clean, breakthrough techno- 
logies that will be needed to compete 
successfully in tomorrow’s global 
economy. Many promising funda- 
mental improvements in the energy-, 
waste-, and capital-intensive industries 
that are OIT’s principal customers 
are simply too expensive and too risky 
for individual private firms to pursue 
by themselves. 

O l f  COSFSWARING 
LOWERS THE RUSK AND 
COST OF BREAKTHROUGH 
PECWW0806nES 
Such trends and developments mean 
that prospects for a safe, secure, and 
affordable energy future in the 21st 
century cannot be addressed by the 
private sector alone. OIT recognizes 
that while there are appropriate limits 
to government support of new tech- 
nologies, organizations like OIT have 
an essential role to play in helping 
to keep U.S. basic industries tech- 
nologically competitive. 

In the absence of private sector 
investment, OIT cost-sharing can 
lower the risk and cost of technology 
development to a level more accept- 
able to private sector partners. OIT 
targets technologies with the potential 
for large national benefit but that are 
too risky for individual firms to pursue 
by themselves. OIT acts as a catalyst 
in drawing together many firms with 
national laboratories and other inter- 
ested parties to pool risk, investment, 
and know-how in promising technolo- 
gies that are too costly and high-risk 
for individual firms to develop on 
their own. 

OIT partnerships facilitate success 
in the type of high-payoff R&D that 
offers the most potential for stimu- 
lating economic growth and creating 
high-wage jobs. Such cost-shared 
partnerships also help assure the 
taxpayer that Federal funding is 
supporting R&D in areas that are 
of serious interest to industry. 

OUU’S PROGRAMS SUPPORU 
SEWERAIL OF DOE’S SURAUEGOC 
GOALS 
OIT is part of DOE’s Office of Energy 
Efficiency and Renewable Energy 
(EE) . EE has the overall mission of 
leading the nation to a stronger 
economy, a cleaner environment, 
and a more secure future through 
developing and deploying sustain- 
able demand-side and renewable 
energy technologies. 

OIT’s programs are in direct support 
of several key goals of DOE’s strategic 
plan. OIT supports DOE’s industrial 
competitiveness goals: (1) creating 
partnerships with the private sector to 
maintain and leverage R&D resources 
(2) accelerating industry’s use of 
available and emerging competitive 

technologies, processes, and practices 
and (3) shifting from industrial waste 
management to resource efficiency 
and pollution prevention. 

OIT’s programs also support DOE 
energy resource goals: (1) ensuring 
reliable energy services with reduced 
vulnerability to energy price and 
supply volatility and (2) reducing 
adverse environmental impacts 
associated with energy production, 
delivery, and use. 

Finally, OIT supports DOE’s strategic 
goals in science and technology. OIT 
programs help provide the science 
and technology core competencies 
that enable DOE’s other businesses 
to succeed in their missions. These 
programs also add value to the US. 
economy through the application 
of new and improved technologies. 



A closeworking relationship with 
industry, professional organizations, 
and other groups has been a hall- 
mark of OIT programs since they 
were established in the 1970s. These 
cooperative efforts help to ensure 
that new technologies are relevant 
to industry's needs and encourage 
industry acceptance. 

To be certain that its program con- 
tinues to be responsive to the long- 
term needs of its customers, OIT 
launched an important initiative 
known as Industries of the Future. 
This initiative strengthens collabora- 
tion between industry and govern- 
ment and promotes leveraging of 
scarce R%D resources to the maxi- 
mum extent allowable. 

Competitiveness Today 

Industries of the Future is a process 
in which industry participants- 
facilitated by OIT-create a vision 
that reflects the diverse technological, 
economic, and environmental drivers 
that are shaping the future of their 
industry (Figure 1). The vision is 
developed by industry for industry. 
It provides a framework for shaping 
major advancements in technolo- 
gies according to their potential for 
improving industrial efficiency, 
energy and materials use, and envi- 
ronmental protection. EE Mission: 

Zr Facilitator for Industry Vision of Future 
J Improve Energy Efficiency 
J Improve Environmental 

Performance Through 
Pollution Prevention 

J Improve Competitiveness 
J Create/Preserve Jobs 
J Energy Security 

Industries of the Future facilitates 
integrated planning and implemen- 
tation by all participants, fosters 
cooperative planning among differ- 
ent organizations in DOE and other 
government agencies, and focuses 
RD&D on technologies that are 
responsive to the unique challenges 
each industry faces. 

In keeping with its energy efficiency 
mission, OIT's Industries of the 
Future initiative concentrates on the 
most energy-intensive industries 
because those industries possess the 
greatest opportunities for improved 
energy efficiency. This includes the 
chemical, petroleum refining, forest 
and paper products, steel, aluminum, 
metal foundry, and glass industries. 

QUU PRQDUCUS AND SERVICES 

OIT accomplishes its mission through 
a variety of technology research, devel- 
opment, demonstration, and deploy- 
ment programs, plus partnership and 
teaming arrangements. OIT concen- 
trates on supporting both efficient 
and cleaner industry-specific tech- 
nologies and processes, as well as 
innovative crosscutting technolo- 
gies and processes used in many 
manufacturing industries. 

OIT carries out a significant part 
of its mission by offering financial 
assistance to qualified organizations 
in the public and private sectors in 
exchange for products and services 
that meet OIT's program objectives. 
TIVO of the most important mech- 
anisms available for industrial par- 
ticipation in OIT programs are: 
(1) cost-shared financial assistance 
awards and cooperative agreements 
that are legal instruments negotiated 
between industry and Government 
and (2) cooperative research and 
development agreements ( C W A s )  
between Government laboratories 

Industry-Defined Template for Paths Technology Opportunities Industry Partnerships with 
~ ~ - ~ ~ N S F ,  Vision of the Future to the Vision and R&D Requirements others Docs 
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and nonfederal parties in which both 
participants provide personnel, 
services, facilities, or equipment 
to conduct specified R&D. 

To implement these mechanisms, 
OIT uses competitive public solici- 
tations. Proposals submitted in 
response to a competitive solicitation 
are evaluated, with awards going to 
the most highly qualified offeror(s) . 
Solicitations are also issued by 
OIT through the Small Business 
Innovation Research program. 

OIT also accepts and funds a limited 
number of unsolicited R&D proposals. 
To be considered, unsolicited propos- 
als must demonstrate a unique and 
innovative idea, method, approach, 
or capability. They must also address a 
topic not already covered by a recent, 
current, or planned solicitation. 

In addition to cofunding RD&D, 
OIT has long been committed to 
promoting technology deployment 
through fact sheets, brochures, and 
case studies about new programs and 
specific DOE-sponsored research. 
OIT also works closely with industry 
trade associations and technical 
societies, sponsors technical work- 
shops, and cooperates with state 
and local governments. In addition, 
OIT sponsored the first National 
Symposium and Exposition on 
Industrial Energy Efficiency to pro- 
mote more productive interactions 
among the vast community of indus- 
trial technology developers, suppliers, 
and users. 

OUT CAN POIlNU YO DOZENS 
OF COMMERCIAL SUCCESSES 

National laboratory surveys have 
helped document the beneficial 
impacts of OIT-supported technolo- 
gies. At the end of 1994, more than 
65 OIT technologies had been com- 
mercialized, contributing to cumula- 
tive energy savings of about 614 trillion 
Btu. At today’s prices,this translates 
into total energy cost savings of more 
than $2.4 billion-more than double 
the cumulative $1.1 billion invested 
since 1978 to achieve these savings. 
These and other documented benefits 
of the OIT program are described 
more fully in the “Summary of 
Program Impacts.” 

Pholo courtesy of Anken Photography 

Department of Energy Secretary Hazel O’Learj\ Senator 
Chuck Robb of Virginia, and James River Cmpmation 
CEO Robert Williams participated in the signing of 
Agenda 2020 in November 1994. 
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At current usage rates and prices, 
the materials and process industries 
would consume 24 quads of energy 
and their total energy bill would be 
$100 billion by 2010. 

..... 3 
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For these reasons, the materials and 
process industries are the principal 
focus of OIT's RD&D program and 
its Industries of the Future initiative. 
OIT targets the materials and process 
industries because they offer the best 
opportunities to improve energy 
efficiency and reduce energy costs. 

............................................................................................ 

............................................................................................ 

..... ...................................................................... 
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The Materials and Process 
Industries Account for 8% 
of Gross Domestic Product 
The materials and process industries 
are notjust energyintensive; they are 
also a huge and critical component of 
the overall economy. Because of their 
role as essential suppliers of materials, 
fuel, and similar items to the indus- 
trial infrastructure as a whole, the 
health and competitiveness of these 
industries are tightly intertwined with 
the many manufacturing industries 
they support. 

In 1992, the materials and process 
industries shipped nearly $1.2 trillion 
worth of products, or 40% of all man- 
ufacturing shipments. Subtracting 
their costs, these industries collectively 
add $400 million/year to the economy 
directly, equal to about 8% of U.S. 
Gross Domestic Product (GDP). 

Consistent with their high level of 
shipments, the materials and process 
industries are also a major source of 
well-paying jobs to the economy. They 
employ 4.2 million people-23% of 
the total manufacturing workforce, 
and 5% of the Nation's total, non- 
farm, private sector employment. 

These industries are also among the 
highest-paying in the economy. On 
average, their wages exceed those of 
manufacturing overall by 12% and are 
22% higher than those paid to service 
industry employees (Figure 4). 

Due to the sheer physical size and 
throughput of the materials and 
process industries, they are also highly 

capital intensive. Of all capital expen- 
ditures for manufacturing in 1992, 
these industries accounted for 47%. 

supplier, equipment, repair, finance, 
engineering, sales, and even 
Government occupations. 

Their high capital intensity, in turn, 
has an important multiplier effect 
in creating jobs and wealth outside 
these industries. Each job in the 
materials and process industries is 
estimated to support fourjobs in 

industrial Competitiveness 
E§ Crucial 
Almost 20% of U.S merchandise trade 
comes from the materials and process 
industries including exports, which 
totaled $101 billion in 1993. Due in 

$ per Hour, 1992 

Petroleum Refining 

I 
Primary Metals 

Pulp and Paper 

Stone, Clay, and Glass 

Average Manufacturing 

Sewices 

Food Processing 

Retail Trade 

I 
0 

I 
5 

I 
10 

Source: 1992 Census of Manufacturers; Statistical Abstract 01 the United States 1993 (Table #662) 

Figurn 5 
R&D Expenditures in the Materials and A-oms Industries 

I I 
15 20 

Percent of Sales, 1992 
6 

Scurces: Research and Development in Industry. 1992. National Science Foundation. 
1992 Census 01 Manufacturers. Bureau of Le Census 



large part to the chemical industry, 
these industries had a trade surplus of 
about $8 billion in 1993-compared 
to an overall U.S. merchandise trade 
deficit of $136 billion. 

Because of the fungible, commodity 
nature of most of their products, 
virtually all the materials and process 
industries face strong international 
competition. Continuous improve- 
ment and innovation are more critical 
than ever if these industries are 
to succeed in the competitive 
global economy. 

Given their scale economy nature 
and the relative maturity of many 
of their markets, these industries 
tend to have conservative innovation 
strategies, With the exception of the 
chemical industry, R&D expenditures 
for the materials and process indus- 
tries are substantially below the 
manufacturing average (Figure 5).  

Furthermore, because of the need to 
cut costs and achieve quick paybacks, 
there is an emerging gap in fimding 
mid- and long-range R&D in these 
industries-the very type of innovative 
technology on which future competi- 
tiveness is most likely to be based. 

MAUERUALLS ANID PROCESS 
0PJDUSUROIES VllIEILD 95% OF 
MAG,IUFACUURUGJG WASYIE 
The materials and process industries 
are not only energy-intensive and 
economically significant, they also 
generate huge quantities of waste 
and pollution. 

Despite conflicting definitions and 
scarcity of reliable data, the best 
available information suggests that 
on a volume basis, five materials and 
process industries-chemicals, paper, 
metals, petroleum refining, and 
glass/ceramics-account for 95% of 
all manufacturing wastes, including: 

Air emissions 

Solidwastes 

Sludges 

Huge amounts of wastewater. 

Figwe 6 
Pollution Abatmnent Costs and Exlknditura, 1973-1 992 

30 1 

O I , , , , , , , , , , , , , , , , , ,  
- 

1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 

- Other 
Manufacturing 

- Food 

- Pulp and 
Paper 

Source: Pollufcm Abatement costs and Expenditures. 1992. DCC March 1994 

These industries’ waste generation 
occurs because their function in 
the economy is to convert raw mate- 
rials supplied by the extractive indus- 
tries into ingredients useful for 
fabrication and assembly in the 
automotive, electronics, aerospace, 
construction, and similar industries. 
The critical role of materials and 
process industries is to separate useful 
materials from useless waste-metals 
from ore, fiber from lignin, wheat 
from shaft, and so on. 

By their very nature, the materials 
and process industries are waste- and 
pollution-intensive. They account for 
84% of all toxic waste and 95% of 
all hazardous waste generated in 
manufacturing. They also generate 
more than 95% of manufacturing 
air pollution. 

The high proportion of manufactur- 
ing waste and pollution generated by 
these industries is reflected in their 
above average pollution control costs. 
About ’75% of all pollution control 
costs in manufacturing are borne by 
the materials and process industries 
(Figure 6). 

On average, manufacturers spend 
about 0.8% of sales for pollution 
control, but the materials and process 
industries spend at least twice this 

amount. Also, pollution control 
accounts for a much greater share of 
capital expenditures in these indus- 
tries than it does in others. This is a 
critical issue for industries struggling 
to be globally competitive. 

OIT-supported RD&D efforts attempt 
to help industry reduce these costly, 
nonproductive investments while 
simultaneously benefiting our 
Nation’s environment. OIT tech- 
nologies target pollution prevention 
and waste reduction rather than 
end-of-pipe clean up. OIT’s program 
enhances not only industry’s energy 
efficiency but also its materials 
efficiency and environmental profile. 
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The chemical industry is sometimes 
called the keystone industry because 
its products improve the productivity 
and quality of goods manufactured 
by so many other industries. 

It is the largest U.S. exporting indus- 
try: in 1993, exports were $42.7 bil- 
lion. The chemical industry must 
retain its strong competitive stance 
or risk aggravating the chronic US. 
trade deficit. 

The industry’s success has been 
based on its traditionally large R8cD 
funding and strong propensity to 
innovate. More than 80,000 scientists, 
engineers, and technicians are 
employed in chemical-related R&D. 
Chemical companies spend more 
than $16 billion on R&D-about 
5.5% of its sales vs. a 3% average 
for all of manufacturing. 

But the industry’s R&D focus is shifting 
toward new product development and 
away from more basic breakthroughs. 
In the face of being downsized or 
eliminated, central research labs are 
focusing on near-term goals. 

Ctiemical Induslry ProJiV 

Value of Shipments 

Total Employment 

Capital Expenditures 

Net Trade Balance 

Energy Consumption 

. . . . . . .  
. . . . .  

. . . .  

. . . . . . .  

Waste Generation 

Average Hourly 
Earnings 

. . . . . .  

$306 billion 

850.000 jobs 

$16.5 billion 

$15.5 billion 

5.05 quadrillion Btu 

1.84 billion tons 

$15.25 

- . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . .  

. - . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  
, . . . . . . . . . . . . . . . . . . .  

Organic Inorganic 
Chemicals Chemicals’ 

2.5 0.5 
Refined Oil Products 

Natural Plastics, 
Gas Resins, 

and Rubber 
0.75 

Fertilizers Process 
Energy 
2.7 Olher 0.6 

Coal, Coke, and 
Other Feedstocks 

Chemical 
Products 

*Excludes industrial gases 

Source’ EIA 

0.7 

ENERQV 

The chemical industry uses about 
5.1 quads of energy annually, with 
53% used for fuel and power, and 
47% for feedstocks. Four of the 
industry’s segments-inorganics, 
organics, plastics, and fertilizers- 
use almost 90% of the industry’s 
fuel and electricity (Figure 7). 

Energy efficiency in the chemical 
industry has improved 51% since 
1974. Energy used for chemical 
feedstocks has grown from 39% 
in 1970 to 48% today, mainly due 
to growth in the use of plastics. 

ENWPRONMENT 

The chemical industry produces 
more than 2 billion tons of waste/ 
year-mainly wastewater. It accounts 
for about 90% of all industrial haz- 
ardous waste and more than 40% of 
all industrial toxic waste. The indus- 
try’s major challenge is to reduce 
various air pollutants, especially 
volatile organic compounds (VOCs) 
and sulfur and nitrogen oxides. 

The 1990 Clean Air Act Amendments 
set standards for industrial sources of 
148 chemical pollutants that must be 

met by 2003. Such regulations inhibit 
development of new materials and 
other products that underlie the 
industry’s growth and competitiveness. 

SELECTED OUT CWERROCQL 
BNDUSTRY YECWNOLOGBES 
OIT’s chemical industry program 
is investigating novel methods of 
producing chemicals efficiently 
and cleanly. The alternative feed- 
stocks program is developing eco- 
nomically feasible, environmentally 
sound processes for producing 
chemicals from renewable resources, 
thus reducing the amount of chemi- 
cals produced from petroleum- 
based feedstocks. 

R&D efforts are under way in mem- 
brane technology for chemical 
processes that have significantly 
lower energy needs than conven- 
tional ones, less environmental 
impact, and lower costs. Researchers 
are studying bioprocesses such as 
using genetically engineered micro- 
organisms and enzymes that act as 
biocatalysts to produce various 
commodity chemicals. 



The petroleum refining industry 
produces transportation fuels and 
raw materials for industry. It supplies 
97% of the energy to fuel more than 
190 million automobiles and other 
vehicles, plus all aircraft. 

The number of operating refineries 
has declined 34% in several decades, 
from 285 in the 1960s to 187 in 1993. 
No grassroots refineries have been 
built in the U.S. for over a decade. 
Among the 10 largest refinery capacity 
owners in the US., four are foreign 
companies. Overall, imports of foreign 
crude and refined oil products supply 
almost half the US. market (Figure 8). 

IEPJIERQY 
Petroleum refining consumes about 
6 quads of energy, more than any 
other U.S. industry. Over half of the 
industry’s energy comes from refin- 
ery gas produced in house. Energy 
efficiency has decreased 9% since 
1985 largely because of lower 
quality crudes. 

EPJVIIRCBNMEPdU 

Environmental regulations and public 
opposition to expansion are an ever- 
increasing burden on US. refiners. 
Clean Air Act Amendments require 
some refineries to undertake process 
modifications to reduce SOx and 
NO, emissions. 

Peh-oknn Refining Industry Profile’ 

Value of Shipments f $136 billion 

Total Employment i 75,000jobs 

Capital Expenditures f $6.7 billion 

Net Trade Balance f $9.7 billion 

Energy Consumption i 5.97 quads 

Wasle Generation i 180 million tons 

Average Hourly i $17.67 
Earnings 

.................................................................................. 

................................ .................................................. 

.................................................................................. 

.................................................................................. 

.................................................................................. 

.................................................................................. 

*Data for bbst  year available 

Figure 8 
Operable US. Rejineiy Capacity, Crude Oil Inj+uts, and PetroIeum Demand, 1970-1992 

Operable Refinery Capacity + 

I 

1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  1 1  1 I I I  

Source: EIA 

The National Petroleum Council 
estimates that refineries will spend 
$150 billion by 2010 to comply with 
these regulations. Certain refineries 
may have to close rather than upgrade 
their facilities to meet the new stan- 
dards. Sixty-five small refineries are 
especially threatened. Unless cost- 
effective solutions are found, the 
competitiveness of U.S. refineries 
will be severely impaired. 

SlELLIECUIEB QUU RIEffUPdUPJG 
INDUSURV UlECWNQILOGUiES 

OIT is sponsoring R&D on cost- 
effective, energy-efficient technolo- 
gies to help U.S. petroleum refineries 
stay competitive while complying 
with strict environmental regulations. 
Researchers are involved in several 
strategies that can lead to improved 
refinery technologies: 

Studying refinery emissions to 
develop a base of understanding 

0: Developing advanced technolo- 
gies to produce cleaner fuels for 
the future 

Developing new ways of using 
refinery wastes. 

Photo courtesy of SteGe Grand 

The structure and confguration of US. 
refineries have changed during the past 
25 years. 
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The pulp and paper industry is the 
backbone of the information economy, 
and U.S. per capita paper use leads the 
world. Capital investment is the highest 
of all manufacturing industries, so 
paper firms have an important multi- 
plier effect in creating jobs and wealth 
outside their industry. The U.S. pulp 
and paper industry is a strong global 
competitor compared to other G7 
nations, but competition from devel- 
oping countries with large forest 
resources (e.g., Brazil) is growing. 

ENERGV 

The paper industry uses about 
2.5 quads of energy/year or about 
31 million Btu/ton of paper. Because 
it relies heavily on black liquor, bark, 
and wood to meet its energy needs, 
it uses two-thirds of all renewable 
fuels consumed by U.S industry. It 
also accounts for 40% of all power 
cogenerated by U.S. manufacturing. 
Still, it spends $5.5 billion on energy 
-4.3% of its value of shipments. 

EWVUWONMEN'T 
Water pollution control is the major 
environmental issue facing the pulp 
and paper industry. In 1991, it gener- 
ated about 2.25 billion tons of waste, 
mostly as non-hazardous wastewater 
and sludges. The industry's chlorine 
bleaching process creates waste 
streams that can contain toxic 
materials, including dioxins. 

Pub and Paper Industry Profile. 

Volume of Products 

Value of Shipments $133 billion 

Total Employment 626.000 jobs 

Capital Expenditures $7.8 billion 

Net Trade Balance $1.4 billion 

Energy Consumption 2.5 quadrillion Btu 

Waste Generation 2.25 billion tons 

85 million tons 

Average Hourly $13.80 
Earnings 

Annual air emissions from paper 
production include 800,000 tons of 
VOCs, 340,000 tons of sulfur, and 
150,000 tons of other hazardous air 
pollutants. Pollution abatement 
expenditures in 1991 amounted to 
$1.6 billion in operating costs and 
$1.2 billion in capital investment. 

Recycled paper provides about 
31 % of the fiber used at paper mills. 

SELECUIED OOU PAPER 
UNDUSURV TECHNOLOGIES 

OIT-supported paper industry tech- 
nologies focus heavily on pulping 
chemical recovery processes, which 
are complex and not well-understood. 
OIT sponsors research on the proper- 
ties of black liquor-the combination 
of dissolved wood waste and used 
pulping chemicals. The researchers' 
goal is to develop computer models 
to improve the efficiency of the 
chemical recovery process, thereby 
reducing emissions and improving 
productivity. In another effort, 
researchers are incorporating the 
chemical reactions that take place 
during the recovery process into a 
computer model to help them design 
optimal process conditions. 

Researchers are also studying inno- 
vative ways to recover the valuable 
pulping chemicals that are more 
energy-efficient, less polluting, 
cheaper, and safer than the current 
processes. One method, gasification, 
yields a usable fuel and recovers 
the chemicals. 

Finally, OIT is developing a new 
technology known as impulse drying. 
This technology reduces the moisture 
content of paperboard during press- 
ing-the last step before drying. It 
lowers energy use in the drying section 
and allows the paper machine to run 
faster, thus increasing productivity. 



Figure 9 
Trends in US. Steelmaking 

The steel industry is divided into 
two major segments: (1) large, inte- 
grated producers that smelt iron ores 
to liquid iron in blast furnaces and 
refine the iron in basic oxygen fur- 
naces, and (2) nonintegrated produc- 
ers that rely primarily on scrap for 
their raw materials. 

The steel industry has undergone 
drastic restructuring over the last 
decade by: 

Investing heavily in continuous 
casting 

Adopting new management styles 

Closing many outmoded plants 

Improving quality 

Boosting productivity at a 

Such changes helped 1993 industry 
shipments reach their highest level 
since 1981 while import market pene- 
tration was at its lowest since 1980 
(Figure 9). Also, the industry returned 
to profitability during 1993-94 after 
sustaining a cumulative deficit of 
$3.5 billion between 1989-92. 

7% annual rate since 1984. 

ENEWQV 
Annual energy use in the steel indus- 
try is about 1.7 quads, or about 21 mil- 
lion Btu/ton of finished steel. The 
industry spent $4.8 billion on pur- 
chased energy in 1991-8.7% of its 

Steel Industry Profile. 

Volume of Products i 82 million tons 
(1993) 

Value of Shlpments i $57 billion 

Total Employment i 236,000 jobs 

Capital Expenditures i $2.6 billion 

NetTrade Balance $4.5 billion 

Energy Consumption i 1.7 quads 

Waste Generation I . 8 million tons 

Average Hourly i $17.52 
Earnings 
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value of shipments. Coal supplies 
about 50% of the industry's energy, 
and natural gas supplies about 25%. 
Electricity is the dominant energy 
source among scrap-based minimills. 

The steel industry's air pollutants 
include carbon monoxide, nitrogen 
oxides, su f i r  dioxide and particu- 
lates. Steel firms also generate about 
8 million tons of dust and sludge 
waste each year. Coke oven emissions 
are targeted for strict control under 
1990 Clean Air Act Amendments. 
Coke output has already declined 

Year 

while reducing energy, operating, 
and capital costs and improving 
productivity. OIT is also developing 
advanced methods to measure steel 
properties fiom melting through 
forming. The ability to accurately 
measure temperature, strength, and 
other variables will help optimize the 
steelmaking process. 

Several OIT projects focus on steel 
wastes. An electrochemical dezincing 
process would enable the constituents 
of galvanized steel scrap-high quality 
steel and the zinc used to coat it-to 
be recycled. OIT has also initiated 
a project to recycle steel mill dust 

sharply from 60 million tons in the - and sludge. 
early 1970s to 24 million tons in 1992. 

Steel industry capital expenditures 
for pollution control were about 
$28'7 million in 1992, while operating 
costs for pollution control add an 
average of $14/ton of steel shipped 
--or $1 billion total in 1991. 

About 60% of all steel produced is 
from recycled scrap. 

A major effort in OIT's steel program 
has been the development of direct 
steelmaking, a revolutionary tech- 
nology that eliminates cokemaking 
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Between 1987 and 1992, about 
1.1 millions tons of high-cost U.S. 
aluminum capacity (nearly 25% of 
U.S. total) were closed. Still, the U.S. 
remains a high-cost aluminum pro- 
ducer compared to countries such 
as Russia and Canada (Figure 10). 

Lower power costs in competing coun- 
tries make it unlikely that greenfield 
smelters will be built in the U.S. 
Domestic aluminum firms are more 
likely to retrofit existing plants with 
incrementally improved technologies. 
Increased investment in U.S. alu- 
minum fabrication and recycling 
facilities is also expected. 

Energy savings and waste disposal 
concerns boosted aluminum recycling 
from 0.4 million tons in 1960 to 
2.8 million tons in 1992. 

- U.S. Primary Smelting Capacity 
*..***** - - Beverage Can Recycling in U.S. 

Old Scrap Recycled in U.S. 
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ENERGY 

Aluminum smelting is one of the 
most energy-intensive manufacturing 
processes. Smelting operations, which 
mainly use electricity, account for 70% 
of energy use for primary aluminum. 
The annual primary energy consump- 
tion is about one quad. It takes about 
7 kwh to produce one pound of alu- 
minum and 180 million Btu/ton 
of aluminum. Recycled aluminum 
requires only about 5% of the energy 
needed to make primary metal. 

Aluminum Industry Profik’ 

Volume of Products 

Value of Shipments , S21 billion 

Tolal Employment 134,000 jobs 

Capital Expenditures : $0.8 billion 

NetTrade Balance $4.3 billion 

Energy Consumption 

8.2 million metric tons 
. . . . . .  - ........................... 

. . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . .  
1 .O quad (including 
electricity losses 
and alumina) 

130,000 tons of potliner 
and red mud 

. . .  . .  
Waste Generation 

. . . . . . . . .  
Average Hourly $15.14 
Earnings 

The aluminum industry spends about 
$2 billion on energy-about 8.6% of 
the value of shipments. For primary 
production, the costs were $1.55 billion 
or 22% of its value of shipments. 

ENVIROWMENU 
For each ton of aluminum produced, 
about 50-70 pounds of spent potliner 
are generated. Potliner is a hazardous 
waste containing fluoride, sodium, 
and cyanide contaminants. Fluoride 
emissions are also generated and 
must be controlled. 

SIELEGUED OlU ARUMONMM 
UNDUSURV UEGHNOLQGIES 

To help the aluminum industry 
improve its productivity, OIT is 
sponsoring a number of related 
R8cD efforts to develop a new inert 
anode/cathode system that can be 
used to retrofit existing smelters. 
The anticipated benefits of the new 
system include the potential to: 

Reduce energy cost by 
$300 million/year 

Reduce operating costs by 10% 

Increase productivity by 25%. 

The new anode will last up to 5 years, 
much longer than the 2-3 weeks 

typical of conventional anodes. Carbon 
dioxide emissions and other pollutants 
will be reduced or eliminated. 

OIT is also sponsoring a new 
energy-efficien t calcining process to 
remove water from the alumina prior 
to smelting. This process would yield 
alumina with improved physical 
properties and reduce overall alu- 
minum processing costs by up to 5%. 

Pholo axlnesy of Coon &swing Company 

Bmprage runs are ?nncrtle from secondary 
uluniin ii  m. 



The foundry industry is almost totally 
scrap-based, converting up to 20 mil- 
lion tons/year of scrap into castings 
used in over 90% of durable goods 
and 100% of machine tools. About 
3000 foundries employ nearly 200,000 
workers, Since 1980, about 25% of US. 
foundries have closed. Output in 1991 
was about half of what it was in 1972. 
Casting imports and exports are each 
about '7% of the US. market. 

Volume of Products 

Value of Shipments i $19 billion 

Total Employment i 197.000 jobs 

Capital Expenditures i $0.7 billion 

NetTrade Balance 

Energy Consumption i 0.25 quad (1988) 

Waste Generation i 8 million tons 
i of sand waste 

Average Hourly 
Earnings 

i 11 million tons ........................................ -. ....................................... 
........................................ ........................................ 3 

......................................... ........................................ > 

........................................ I.. ...................................... 
i . $10 million (1989) ........................................ ........................................ 

................................................................................... 

........................................ -. ....................................... 
i $12.77 

ENERGY 

Foundries used 0.25 quad in 1988- 
66% from natural gas and the remain- 
ing majority from electricity. Melting 
uses about 55% of the foundry indus- 
try's energy, but many furnaces are 
only about 35% efficient. The foundry 
industry spent $3.3 billion for energy 
in 1992-17% of the value of 
shipments. 

has developed an economical method 
of recycling spent foundry sand that 
could reduce Iandfilling this waste 
by more than 2 million tons while 
reducing operating costs. R&D is also 
being conducted on advanced casting 
methods that .Will increase design 
freedom while reducing costs, energy, 
and emissions. Finally, researchers are 
developing a computer model to help 

The glass industry is gradually chang- 
ing from a low-value-added, commod- 
ity business to an increasingly high- 
value-added, specialty business. While 
U.S. glass output has fluctuated 
around 20 million tons/year since 
1983, the value of glass shipments 
has grown from $14.9 billion in 1982 
to $21.3 billion in 1992. The indus- 
try's principal segments are flat glass, 
container glass, fibergiass, and spec- 
ialty glass. Fiberglass and specialty 
glass are the fastest-growing segments. 

Volume of Products 

Value of Shipments ; $21 billion 

Total Employment 

Capital Expenditures $1.1 billion 

Net Trade Balance 

Energy Consumption i 0.3 quad 

Waste Generation i NIA 

Average Hourly i $13.33 
Earnings 

21 million tons ....................................... .-. ...................................... 
......................................... ........................................ 

i 153.000 jobs ......................................... : ........................................ 
........................................ -. ...................................... 

i : $0.1 billion (estimate) ....................................... .-. ...................................... 
........................................ .. ....................................... 
......................................... :. ....................................... 

Extensive modernization has con- 
tributed to increased exports of flat 
glass, while imports have changed little. 
The US. maintains a strong trade 
surplus in fiberglass and high-growth, 
high-value-added specialty glass. 

EPJEIWQV 
The industry consumed about 
300 trillion Btu in 1991 including 
electricity losses, Melting and refining 

use 50% to 68% of the total energy 
required for glassmaking. Energy 
costs approach $1 billion/year, with 
natural gas accounting for about 
80% of the costs. 

ENVIRONMENT 

More glass is recycled than plastics but 
less than most metals. Glass recycling 
is constrained by the low cost of raw 
materials and the limited scrap col- 
lection infrastructure. Fiberglass is 
generally not recycled. The effect 
of fibers used in making fiberglass 
is a health concern. 

Another environmental concern is 
the glass melting process, which emits 
NOx and other harmful air emissions. 
In 1991, glass industry pollution abate- 
ment costs totaled $43 million for 
capital and $187 million for operating 
expenses. Clean Air Act Amendments 
will require costly equipment, monitor- 
ing, and permitting. 

Glass Industry profile. 

OIT's glass program concentrates 
on the energy-intensive melting and 
refining steps. A major R&D effort 
recently developed an advanced 
furnace system that reduces the 
melting and refining time for fiber- 
glass-from more than a day down 
to about one hour. New research 
efforts focus on developing more 
robust furnace lining materials and 
improved sensors to improve the 
accuracy of the glassmaking process. 
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ADVANCED BNDUSU’RUWL 
MAUE’RIAllS 

Advanced materials possess properties 
that are far superior to conventional 
materials such as steel, aluminum, 
glass, or plastics. Using advanced 
materials in industry can improve 
efficiency and productivity through 
reduced energy use, higher process- 
ing temperatures, longer equipment 
lifetimes, and reduced downtime. 
The U.S. leads the development of 
advanced materials, but their use has 
been slowed because manufacturing 
opportunities for these materials 
have not been adequately assessed. 

In the pulp and paper industry, 
wear and corrosion are important 
issues. The paper industry’s mate- 
rial needs include impact-resistant, 
cuttingedge materials; more corro- 
sion-resistant materials for boiler tubes 
and surface coatings; and lightweight, 
polymer-based structural materials for 
vessels, piping, and valves. 

Wear, corrosion, and erosion are also 
major concerns in the glass industry. 
The glass industry’s material needs 
include new refractory materials, new 
coatings and deposition technologies, 
and improved material coverings for 
glass contact applications. 

OIP’s Wdwanced Industrial 
Ma, ferials Program 
OIT’s advanced industrial materials 
program sponsors the development 
of new alloys, particularly nickel 
aluminides, that can withstand higher 
temperatures than steel alloys and 
increase the efficiency of current 
industrial processes. 

OIT is investigating new ceramic 
materials and material fabrication 
methods for aluminum production 

applications and other high-tempera- 
ture, corrosive industrial processes. 
OIT is also developing a technology 
to recover high-value chemicals from 

High temperature industrial 
heating, melting, and heat-treating 
equipment such as furnace linings, 
crucibles, and racks 

mixed-waste plastics and polymers 
that conduct electricity. 

CBNUINUBILOS FOBER CERAMIC 
CBMPOSIIUE MAUERBALS 

Many opportunities to improve the 
productivity, energy efficiency, and 
waste utilization of industry are 
limited by the shortage of materials 
capable of handling extremely harsh 
operating environments. 

Though ceramics have properties that 
can withstand extreme heat, abrasion, 
and similar conditions, their tendency 
to crack and fail has limited their use. 
By incorporating long, strong fibers in 
a ceramic matrix, the toughness of 
ceramics can be improved greatly and 
their tendency to fail can be reduced 
considerably. 

There are many potential applications 
for these materials, called continuous 
fiber ceramic composites (CFCCs): 

Incineration systems to help reduce 
waste disposal problems, decrease 
toxicity of air emissions, and reduce 
fuel use through enhanced waste 
energy recovery 

Gas turbines that could operate at 
higher temperatures and increase 
energy efficiency by as much as 4% 

Industrial burners and combustors 

Process equipment such as reform- 
ers, reactors, and high pressure 
heat exchangers for use in chemi- 
cal plants and petroleum refineries 

Filters, separation, and sewage 
treatment systems 

Structural members such as beams 
and decking. 

QUU’S GFGC Program 
OIT is sponsoring the development 
of low-cost CFCC manufacturing 
methods. A new material called 
Toughened Silcomp and a fabrication 
technique known as melt infiltration 
have been developed for gas turbine 
parts. These parts will allow the 
turbine to operate more efficiently 
with reduced emissions. 

Researchers are also developing new 
methods to fabricate CFCCs to allow 
these materials to be made into 
burners and tubes for equipment 
such as boilers, furnaces, and heaters. 
They are also investigating CFCC 
diesel engine valve guide to cut 
particulate emissions and improve 
fuel economy. 

ELECURUC MOTOR SVSUEMS 

Annual sales of the U.S. electric 
motor and drive industry are about 
$10 billion and the industry employs 
about 50,000 people. Motor-driven 
equipment accounts for about ’70% 
of industrial sector electricity use. 
In some industries, electric motor 
systems (EMS) represent 90% of 
electricity use. Roughly $30 billion 
is spent on electricity to drive 
industrial EMS. 

The widespread use of EMS in U.S. 
industry means that more efficient 
EMS offers significant opportunities 
for energy and cost savings and 
improved productivity. In addition, 



reduced energy use through improved 
EMS can contribute to lower emis- 
sions, reduced waste streams, and 
improved environmental quality 
while reducing costs associated with 
waste remediation. 

Opportunities to improve EMS effi- 
ciency include: (1) improving motor 
efficiency (2) reducing electricity 
distribution losses (3) improving the 
match between motor drive and the 
mechanical system and (4) using 
equipment or processes that require 
less power. Combined, these improve- 
ments could lower industrial power 
use 240 billion kWh/year by 2010. 

OIT’s Motor Challenge program is 
discussed on the following page. 

Solar energy is abundant. After instal- 
lation, solar energy users get free 
energy. Solar energy also helps lower 
the generation of greenhouse gas 
emissions that accompany fossil 
fuel consumption. 

Solar technologies also create jobs. 
Most solar technologies are designed 
and built by highly trained engineers 
and technicians. The use of solar 
energy is an investment in people 
who build technology that uses a 
naturally abundant resource rather 
than nonrenewable resources. 

Solar process heat technologies pro- 
duce hot water, steam and hot air for 
industrial use. Potential markets exist 
wherever large amounts of low tem- 
perature heat are required. Solar 
detoxification technologies can 
destroy hazardous organic waste 
such as solvents and manufacturing 
process byproducts. 

OUT3 Solar Undustrial Program 
OIT is collaborating with other 
government agencies and utility 
companies to leverage its resources 
while increasing the likelihood of an 
early market for solar process heat 
technologies. Several solar water 

detoxification projects are currently 
under way, and a reactor for d e t o w -  
ing contaminated air is being field 
tested. OIT is working with several 
partners to develop solar-based 
advanced materials manufacturing 
using the High-Flux Solar Furnace. 

UNDUSURUAR WASUES 

Pollution control costs are largely the 
cost of end-of-pipe cleanup of regu- 
lated waste. A key strategy for cutting 
these costs is to reduce the amount 
of waste by improving process yield. 
Improved yields increase productivity 
and capacity as well as reduce waste. 

It is usually too costly to improve 
process yields to 100%-the point at 
which zero waste is created. Thus, cer- 
tain quantities of industrial waste are 
unavoidable. But at the broader level 
of industry as a whole, the unavoid- 
able wastes of different processes and 
industries can be recycled and even- 
tually reused as inputs by other 
processes or industries. 

Where waste reduction through 
process improvement or product 
redesign is no longer practical, waste 
recycling and utilization processes 
can help convert waste to materials 
or energy useful as feedstocks or 
fuels in other parts of the indus- 
trial infrastructure. 

onu’s undu~triai waste P ~ O ~ ~ Z J P P P  

OIT’s waste program aims to reduce 
waste and develop new uses for 
unavoidable waste. Projects are under 
way in VOC minimization techniques, 
asphalt recycling, electroplating waste, 
gasification of food wastes, use of 
waste tires, conversion of waste gases 
from carbon black into acetic acid, 
and recycling auto shredder residue, 
among many others. These technolo- 
gies would reduce landfilling, emis- 
sions, raw material requirements, 
and the need for imported petro- 
leum feedstocks. 

MUPJUGUPAR SOLOID WASUE 
Recycling is a common municipal 
solid waste (MSW) option for such 
wastes as aluminum cans, newspapers, 
and glass. MSW materials recycling 
reduced US. energy demand by an 
estimated 110 trillion Btu in 1990. 
MSW combustion generates electric- 
ity, saving about 260 trillion Btu of 
fossil energy use. 

The cost of disposing of MSW in 
landfills, referred to as tipping fees, 
has increased from about $10 in 
1982 to about $29 in 1992 because 
of increased regulations and growing 
saturation of available landfill space. 

OUU’S P“C7SE”J Pffogram 
The goal of the OIT MSW program 
is to minimize landfilling and maxi- 
mize both energy and materials 
recovery from post-consumer wastes. 
The program is sponsoring (1) a pilot 
plant for the anaerobic digestion of 
tuna sludge and MSW to address 
serious waste issues in American 
Samoa and (2) research on landfill 
gas to develop enhanced methods for 
recovering such gas for use as a fuel. 
An effort is also under way to compile 
up-to-date energy, economic, and 
environmental data to facilitate more 
informed MSW decision making. 

I S  



Technologies currently supported by 
OIT have the potential to cultivate 
substantial energy, productivity, cost, 
and environmental benefits for our 
Nation’s industrial sector. At the same 
time, these technologies can support 
more globally competitive industries, 
increase the employment and wages 
of our country’s workforce, and help 
boost the Nation’s overall rate of eco- 
nomic growth. A few of the potential 
benefits of selected OIT technologies 
are summarized below. The benefits 
of these and other OIT technologies, 
plus the method for calculating these 
benefits, are discussed in greater detail 
in the full report. 

CWEMICAL AND PETROLEUM 
REFlNlMG INDUSTRIES 

OK-sponsored technologies such 
as biological production of petro- 
chemical feedstocks, new membranes, 
improved catalytic processing tech- 
niques, advanced fluid catalytic 
cracking, and various new pollution 
prevention methods could help cut 
annual energy costs in these industries 
by more than $2 billion. These tech- 
nologies will provide numerous other 
benefits as well. For example, hybrid 
membrane separation of propylene 
has the potential to lower chemical 
industry operating and maintenance 
costs by more than $400 million per 
year. Ethanol recovery from refinery 
waste gases could reduce petroleum 
refining NOx emissions by more than 
70,000 tons/year while simultaneously 
cutting capital costs by more than 
$700 million. 

PAPER AND FOREST 
PRODUCTS IWDUSTWV 

OIT is supporting a variety of tech- 
nologies for this industry, including 
black liquor gasification, recovery 

boiler modeling and control, new 
pulping catalysts, impulse paper 
drying, and others. Collectively, these 
technologies have the potential to 
reduce the industry’s energy use by 
more than 200 trillion Btu/year and 
reduce its annual energy bill by more 
than $600 million. These same tech- 
nologies also offer the potential for 
significant environmental benefits. 
For example, recovery boiler model- 
ing should improve the efficiency of 
and control over the combustion and 
chemical reactions occurring in these 
vessels and help reduce combustion- 
related C02 emissions by nearly 
5 million tons/year. 

STEEL ENDUSTRY 

Current (or recent) OIT-supported 
steel industry technologies, includ- 
ing direct steelmaking and advanced 
process control, offer the poten- 
tial to reduce energy use by about 
200 trillion Btu/year and cut annual 
energy costs by more than $1 billion. 
OIT steel technologies also can 
provide substantial environmental 
benefits. For example, the electro- 
chemical removal of zinc from steel 
scrap could enable nearly 1 million 
tons of offgrade scrap to be recycled. 
Steel plant dust and sludge recycling 
could reduce steel industry solid waste 
by more than 3 million tons/year and 
reduce its environmental costs. 

ALUMONUM AND METAL 
FOUNUDRV ONDUSBIW[IES 

Improved alumina calcining, inter 
anode/cathode reduction cells, and 
spray forming could help reduce 
energy use of the power-intensive 
aluminum industry by about 15 tril- 
lion Btu/year and reduce the indus- 
try’s energy costs by more than 
$200 million/year. OIT’s foundry 

technologies not only reduce energy 
use, but also cut down on solid waste 
generation. For example, the foundry 
sand mobile recycling unit could cut 
the industry’s annual disposal of 
spent sand by more than 2 million 
tons/ year. 

COQ[ERllEIFgA~00W/A~VARl~~~ 
UURBUNE SYSUEIMS 

Three OIT-supported technologies 
in this program possess exceptional 
energy-saving potential. Together, 
the advanced turbine system, high- 
performance steam system, and 
ceramic retrofit gas turbine could 
save nearly 500 trillion Btu/year and 
reduce industry’s total energy bill by 
nearly $1.2 billion. These technologies 
would also provide significant reduc- 
tions of such combustion-related 
emissions as NOx, SOx, and particu- 
lates and cut the annual release of 
nearly 35 million tons of CO2 waste 
gas. The gas-fired advanced turbine 
system would have the added benefit 
of substantially lower capital costs that 
could save industry an additional 
$100 million/year. 

MOTOR CWALILENUQE 

As the centerpiece of OIT’s electric 
motors program, Motor Challenge 
consists of avariety of activities, 
including demonstrations, seminars, 
an information clearinghouse, and 
databases that are conducted in 
partnership with major motor users. 
Motor Challenge is an important 
catalyst to help industry increase its 
use of more efficient electric motor 
systems. Using efficient motor systems 
could annually save 400 trillion Btu 
of energy, cut industry’s energy costs 
by nearly $6 billion, and reduce the 
generation of C02 gas by more than 
70 million tons. 



To receive additional copies of this 
summary or the full report, please 
contact: 

The U.S. Department of Energy's 
Energy Efficiency and Renewable 
Energy Customer Service Center 

Phone 

1-800-273-2957 (Hearing impaired) 

Mail 
P.O. Box 3048 
Merrifield, VA 22116 

Internet 
energyinfoQdelphi.com 

1-800-DOE-EREC 

To receive information about specific 
technologies or industries, please 
contact: 

Office of Industrial Technologies 
EE-20 
Department of Energy 
1000 Independence Avenue, SW 
Washington, DC 20585 

OMDUSUWUES OF THE IFUUUWE 

Chemicals 
Bruce Cranford . . . . . . . . . . .202-586-9496 
David Boron. . . . . . . . . . . . . .202-586-0080 
Pat Hoffman . . . . . . . . . . . . .202-586-6607 
E.P. Huang Fu . . . . . . . . . . . .202-586-1493 
Gloria Kulesa . . . . . . . . . . . . .202-58&8091 
Brian Volintine . . . . . . . . . . .202-586-1739 

Petroleum Refining 
Dan Wiley. . . . . . . . . . . . . . . .202-586-2099 

Pulp and Paper 
Tom Foust . . . . . . . . . . . . . . .202-586-0198 
Valri Wright. . . . . . . . . . . . . -202586-0937 

Steel 
Bill Obenchain . . . . . . . . . . .202-586-3090 
Scott Richlen . . . . . . . . . . . . .202-586-2078 
Aluminum 
Matt McMonigle . . . . . . . . . .202-586-2082 
Larry Boxall. . . . . . . . . . . . . .202-586-6436 

Foundries 
Doug Kaempf . . . . . . . . . . . -202-586-5264 
Gobind Jagtiani . . . . . . . . . . .202-586-1826 

Glass 
Susanne Leonard . . . . . . . . .202-58c-6108 
Ramesh Jain. . . . . . . . . . . . . .202-586-2381 

Valri Wright . . . . . . . . . . . . . -202-586-0937 

GROSSCWYYONG UEGWP3DLOGUES 
AND PROGRAMS 

Advanced Industrial Materials 
Charles Sorrell. . . . . . . . . . . .202-586-1514 
Sarah Dillich . . . . . . . . . . . . .202-586-7925 
Advanced Turbine Systems 
and Cogeneration 
Bill Parks . . . . . . . . . . . . . . . .202-586-2093 
Dave Knowles. . . . . . . . . . . . .202-586-2093 
CFCCs(') 
Scott Richlen . . . . . . . . . . . . .202-586-2078 
Lisa Dalton. . . . . . . . . . . . . . .202-586-2078 

Climate Wise 
Marsha Quinn . . . . . . . . . . . .202-586-2097 

Combustion 
Gideon Varga. . . . . . . . . . . . .202-586-0082 

Chuck Glaser . . . . . . . . . . . . .202-586-1298 
Rolf Butters . . . . . . . . . . . . . -202-586-0984 
Electric Motor Systems 
and Motor Challenge 
Paul Scheihing. . . . . . . . . . . .202-586-7234 
Hank Kenchington . . . . . . . .202-5864679 
Heat Exchangers 
Gideon Varga. . . . . . . . . . . . .202-586-0082 

Heat Pumps 
Stan Blazewecz. . . . . . . . . . . .202-5864679 

Industrial Solar Applications 
Frank Wilkins. . . . . . . . . . . . -202-5861684 

Industrial Wastes 
Stuart Natof. . . . . . . . . . . . . .202-586-2370 
Charlie Russomanno. . . . . . .202-586-7543 
Merrill Smith. . . . . . . . . . . . .202-5863646 

Municipal Solid Waste 
Simon Friedrich . . . . . . . . . .202-5866759 

EADcs/IACs(*) 

NI(-333(3) 

Alan Schroeder . . . . . . . . . . .202-586-1641 

Sensors 
The0 Johnson . . . . . . . . . . . .202-5866937 

Technology Transfer 
Marsha Quinn . . . . . . . . . . . .202-586-2097 
Joe Bryson . . . . . . . . . . . . . . -202-586-3604 
Lisa German . . . . . . . . . . . . .202-5863604 

(') Continuous Fiber Ceramic Composites 

(2) Energy Analysis and Diagnostic 
Centers/Industrial Assessment Center 

(3) National Industrial Competitiveness 
through Energy, Environment, and 
Economics 

http://energyinfoQdelphi.com


Produced for the 
U.S. Department of Energy 
1000 Independence Avenue, SW 
Washington, DC 20585 

by the 
National Renewable 
Energy Laboratory, 
a DOE national laboratory. 

DOE/GO-l0095-153 
DE95004060 
April 1995 

Notice: This report was prepared as an account 
of work sponsored by an agency of the United 
States government Neither the United States 
government nor any of their employees, make 
any warranty, expressed or implied, or assumes 
any lcgal liability or responsibility for the accu- 
racy, completeness, or usefulness of any informa- 
tion, apparatus, product, or process disclosed, or 
represents that its use would not infringe privately 
owned right. Reference herein to any specific 
commercial product, process, or service by trade 
name, trademark, manufacturer, or otherwise does 
not necessarily constitute or imply its endorsement, 
recommendation, of favoring by the United States 
government or any agency thereof. The views and 
opinions of authors expressed herein do not 
necessarily state or reflect those of the United 
Stares government or any agency thereof. 

Printed in the United States ofAmerica 

A\ailable to DOE and DOE contractors from: 
Office of Scientific and Technical Information 
(0x1) 
P.O. Box 62 
Oak Ridge, TN 37831 
Prices atailable by calling (615) 576-8401 

A\ailable from: 
National Technical Information Service 
US. Department of Commerce 
5285 Port Royal Road 
Springfield, VA 22161 
(703) 4874650 

Information pertaining to the pricing codes can 
be found in the current issues of the following 
publications which are generally available in most 
libraries: Government Reports Announcements 
and Index (GRA and I); Scientific And Technical 
Abstract Reports (STAR); and publication NTIS 
PR-360 available from NTIS at the above address. 

@B Printed with a renewable-source ink on 
t+9 paper containing at least 50% wastepaper, 

including 20% postconsumer waste 


	Introduction to the Executive Summary
	OIY: The Strategic Context
	wow OIR Works
	Uke Materials and Process Undsastries
	OIT™s Industry-Specific Technology Programs
	TheChemicalIndustry
	The Petroleum Refiig Industry
	ThePuIpandPaperIndustry
	TheSteelIndustry
	TheAluminumIndustry
	TheFoundryIndustry
	TheGlassIndustry

	OIT™s Crosscutting Technology Programs
	Potential Benefits of OUR-Supported Technologies

