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The Business Council for Sustainable Development-Gulf
of Mexico (BCSD-GM) is a non-profit assembly of busi-
ness leaders from the United States and Mexico dedicated
to creating cross-border, public-private partnerships for
promoting and implementing sustainable development.
Established in 1993, BCSD-GM was founded on the belief that busi-
ness success will increasingly be measured by its contribution to eco-
nomic, social, and environmental sustainability. The Council’s goal is
to pursue projects and policy options that offer concrete, measurable
ways to achieve sustainable development.

The BCSD-GM is divided into U.S. and Mexico chapters. These
groups share common goals and are designed to serve both sides of
the border between the two countries. An executive director serves
both chapters and each has a chairman, vice chairman, and treasurer.
Members pay dues, offer in-kind services and expertise, and attend
bi-annual meetings. Member companies are represented by senior
executives of their respective companies.

The BCSD-GM'’s current projects address topics such as environ-
mental cost accounting, border infrastructure, regional modeling,
sustainable forestry, and by-product synergy.

The BCSD-GM is also a member of the Business Council for
Sustainable Development for Latin America (BCSD-LA) and the
chairmen of both the U.S. and Mexico chapters serve as BCSD-LA
members. The BCSD-LA was created following the 1992 Rio
Conference. Latin American business leaders actively participate in
the organization through several task forces. They are currently focus-
ing on eco-efficiency principles in small business, sustainable infra-
structure, education and training, environmental policy development,
joint implementation, conservation of the Amazon, and policy cre-
ation for sustainable development.

Both the BCSD-GM and the BCSD-LA are members of the World
BCSD (WBCSD). The WBCSD, a 125-member body focused on
global sustainable development policy issues, is based in Geneva,
Switzerland.
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Preface

n March 1995, the U.S. Environmental

Protection Agency (EPA) announced

that it would work with industry to
develop incentives for “Green Twinning.”
According to Dr. Alan D. Hecht, EPA
Principal Deputy Assistant Administrator
for International Activities, “The concept
of Green Twinning is to promote joint
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States and Mexico with the goal o
finding opportunities for by-product
synergy.

The work described in this primer
supports the Clinton Administration’s
efforts to enhance the relationship
between commercial development and
sustainable development. Aiding U.S.

commercial development of one economiacompetitiveness through by-product syn-
sector with a related environmental sectorergy is expressed in the national goals set
In practice this means the waste product forth by the President’s Council on

of one industry can be used by a second Sustainable Development in its recent

industry. report,Sustainable America: A New
Consensus for Prosperity, Opportunity,
The Project and a Healthy Environment for the

Later that year, the Business Council for
Sustainable Development—Gulf of Mexico
(BCSD-GM) received an EPA grant to
identify case studies and opportunities in
green twinning, or, as the BCSD-GM
refers to it, “By-product Synergy.” The
BCSD-GM also was asked to identify reg-

ulatory and other barriers to more creative

ways of recycling, recovering, and reusing
materials.

The EPA-supported project stemmed
from an effort launched in 1994 by the
BCSD-GM under the direction of Dr.
Gordon Forward, President and CEO of
Chaparral Steel Company and current
Chairman of the BCSD-GM. That effort
was aimed at identifying the by-product,

waste, and resource streams of BCSD—GI\E

member companies in both the United

Future?. By-product synergy also
addresses the recommendations made to
Vice President Al Gore as a result of the
White House Briefing and Conference on
Environmental Technologies, where the
National Environmental Technology
Strategy was discussed by 200 representa-
tives from industry, the federal govern-
ment, and other key sectérs.

EPA and other U.S. government
agencies have agreed on a policy of com-
mercial diplomacy and export promotion
for American companies through organi-
zations like the BCSD-GM. In awarding
this grant, Dr. Hecht's vision was for the
BCSD-GM to help EPA make the concept
of by-product synergy a reality, with the
oal of helping U.S. industry export this
ind of eco-efficient technology.
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The purposes of the
primer are education,
communication,
illustration and,

most importantly,
inspiration about how
business, society, and
the environment can
all benefit from by-
product synergy as a
strategy for sustainable
development.
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Background and
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Overview of

By-product Synergy

Sustainable Development

By-product Synergy

Sustainable development is defined as a One strategic environmental protection
way “. . . to meet the needs of the presentapproach that provides economic, environ-

without compromising the ability of
future generations to meet their own
needs. Put another way, “Sustainable
development represents the quest for an
economy that exists in equilibrium with
the earth’s resources and its natural
ecosystems. Sustainable development
brings environmental quality and eco-
nomic growth into harmony, not conflict.
It is a concept that recognizes that eco-
nomic activities and environmental con-
siderations need to be integrated for
humanity’s long-term well-being”

In its recent reporiSustainable
America: A New Consensus for
Prosperity, Opportunity, and a Healthy
Environment for the Futufethe
President’s Council on Sustainable
Development (PCSD) observed that “. . .
in looking to the future, society needs to
adopt a wider range of strategic environ-
mental protection approaches that
embrace the essential components of
sustainable development: economic
prosperity, environmental health, and
social equity and well-being.”

mental, and social benefits is by-product
synergy. Referred to also as “green twin-
ning,” “industrial symbiosis,” “zero
waste/zero emissions/100% product oper-
ations,” and “cradle-to-cradle eco-efficient
manufacturing,” by-product synergy has
been defined by the Business Council for
Sustainable Development—Gulf of Mexico
(BCSD-GM) and the U.S. Environmental
Protection Agency (EPA) as follows: “The
synergy among diverse industries,
agriculture, and communities resulting in
profitable conversion of by-products and
wastes to resources promoting
sustainability.”

By-product synergy supports the U.S.
goals for sustainable development as set
forth by the President’s Council, especial-
ly to “ create a widely held ethic of
stewardship that strongly encourages
individuals, institutions, and corporations
to take full responsibility for the eco-
nomic, environmental, and social
consequences of their actiorts.”

By-product synergy also supports the
goals developed by the Eco-efficiency
Task Force appointed by the PCSD to
fostereco-efficiencyas the standard
practice for businesses, individuals, and
governments in the United States.

By-product
Synergy

The synergy among
diverse industries,
agriculture, and
communities resulting
in profitable conversion
of by-products and
wastes to resources
promoting sustainability.

10ur Common FutureThe World
Commission on Environment and
Development (The Brundtland
Commission), Oxford Press, 1987.

2The Greening of Industrial
Ecosystemd\ational Academy of
Engineering, Allenby, Braden R. And
Richards, Deanna J., editors,
National Academy Press, 1994.

3Sustainable America: A New
Consensus for Prosperity,
Opportunity, and a Healthy
Environment for the Futuréhe
President’s Council on Sustainable
Development, ISBN 0-16-048529-0,
February 1996.

4lbid.



“Progress toward sustainable
development makes good
business sense hecause it
can create competitive
advantages and new oppor-
tunities. But it requires
far-reaching shifts in
corporate attitudes and new
ways of doing business. To
move from vision to reality
demands strong leadership
from the top, sustained
commitment throughout the
organization, and an ability
to translate challenge into

opportunities.”

World Business Council for
Sustainable Development

SEco-Efficiency Task Force Repprt
The President’s Council on
Sustainable Development, U.S.
G.P.O. 1996-404-680:20023, 1996.

6SummaryWhite House Briefing and
Conference on Environmental
Technologies: National Environ-
mental StrategyApril 30, 1996.

7Changing Course: A Global
Business Perspective on
Development and the Environment
Schmidheiny, Stephan, with the
[World] Business Council for
Sustainable Development, 1992.

Eco-efficiency, a term coined by the

World Business Council for Sustainable
Development (WBCSD), is described by
the Task Force as “the production, deliv-
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corporate attitudes and new ways of doing
business. To move from vision to reality
demands strong leadership from the top,
sustained commitment throughout the

ery, and use of competitively priced goodsorganization, and an ability to translate

and services, coupled with the achieve-
ment of environmental and social gods.”
Specific Task Force goals for an eco-effi-
cient economy supported by by-product
synergy are:

« Economic growth
Economic growth in the expanding
global marketplace should be maxi-
mized, as measured by indicators that
account for social and environmental
issues.

» Sustainable resource utilization
The U.S. economy should efficiently
produce and use globally competitive
goods and services while reducing the
use of resources to sustainable levels,
thereby greatly reducing adverse
effects on natural systems.

»  Environmental quality
Pollution prevention, waste reduction,
and product stewardship should be

standard practices to ensure a safe and

clean environment. All people and
ecosystems should be protected, and
economic and social well-being
enhanced.

By-product synergy also supports the goal

of the National Environmental Technology
Strategy: “to strengthen the policies and
partnerships between the public and
private sectors needed to encourage
innovation and investment in environmen-
tally sound technologies, products, and
practices, both here and abro&d.”

A Primer on By-product Synergy

The WBCSD points out that “Progress
toward sustainable development makes

. . [
good business sense because it can create

competitive advantages and new opportu-
nities. But it requires far-reaching shifts in

challenge into opportunities.”

To help you, your organization, and
your community use by-product synergy
to move toward sustainable development
and share in its economic, environmental,
and social benefits, the BCSD-GM offers
this primer. Its purposes are education,
communication, illustration, and most
importantly,inspirationabout the value of
by-product synergy as a strategy for sus-
tainable development.

In the following sections, the primer
addresses thgractice, principles, process,
problemsand finally, thepowerand
promiseof by-product synergy. Here’s an
overview of what you will find.

The Practice of By-proauct Synergy

Three case studies of BCSD-GM member
companies illustrate by-product synergy in
action:

In seeking “zero waste/100% product”
steel productionChaparral Steel
Company has significantly increased
profits while concentrating on environ-
mental issues. For example, Chaparral
is using a process in which one of its
by-products, slag, is used as a resource
in the manufacture of cement, thereby
reducing energy consumption, conserv-
ing natural resources, and lowering
greenhouse gas emissions. Chaparral
has recently acquired the technology to
separate another by-product stream,
residue from its automobile shredding
operation, into essentially pure compo-
nents that can be reused, for instance
as a clean fuel.

The Bechtel Corporation together

with the Brownsville (Texas) Economic
Development Council and the City of
Brownsville, is developing a computer-
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ized database and software tools to  The Problems of By-prodluct Synergy

promote “industrial symbiosis” among Although by-product synergy can be
numerous diverse regional industries in rofitable, as well as environmentally and
the U.S. and Mexico. By orienting P . P . . y
companies to look at wastes as com- socially beneficial, it some.tlmes. .IS not
. easy. The BCSD-GM has identified

mod!t|es to.be sold or reF;ycIed, the numerous barriers to by-product synergy
ECO-IndL-IStI’,Ia:| parlf promises to boost that you may encounter, including techni-
companies .flnanmal performanc_e . cal, economic, geographic, regulatory,
while reducing the de”.‘a_”q fpr virgin legal, business, social, time, informational,
feedstack materials, minimizing the and others. This section of the primer
cost of treatment .an.d disposal of offers general guidance on how to over-
Wa§tes, and allg viating the advgrse come these barriers. It also includes a case
environmental impact of industrial study that describes the ongoing efforts of
development. The Fertilizer Institute (TFI) and the

* As part of its commitment to environ- - Florida Phosphate Council(FPC) in
mental stewardshifilorida Power &  attempting to overcome regulatory
Light Company (FPL) operates a barriers to by-product synergy projects
Central Reclamation and Salvage involving phosphogypsum, a radioactive

Department that has collaborated with py.-product of the wet-process phosphoric
regional businesses in converting vari- acid fertilizer industry.

ous by-products and wastes from its
operations and maintenance activities The Process of By-product Synergy
to resources for other applications. This

operation is now a profit center for FpL. N this primer, you'll learn about the
principles and the problems associated

L with by-product synergy and see some
The Principles of concrete examples of how it can be used
By-product Synergy 1o increase profits and reduce pollution.
Through the But how do you do it yourself? To help

kinds of you get started, a general process of by-
practical product synergy is outlined in this section.
experience You will find general guidance for devel-
described in oping and implementing by-product
these case studies, Synergy projects, including identifying
COLLABORATE BCSD-GM mem- candidate streams, characterizing the

bers have identified six fundamental prin- streams, and identifying potential
ciples that are needed to successfully ~ collaboration partners.

practice by-product synerggollabora-

tion, motivation, communication, inno-  Conclusion: The Power and The Promise of
vation, participation,andevaluation. By-product Synergy

Applying each of these principles does no
guarantee success in overcoming the
many barriers you may encounter, but

II'he power and promise of by-product
synergy lie in its ability to raise profits

: . while reducing pollution and promoting
neglecting these principles can lead to sustainable development. This section of

failure. This section of the primer dis- . . .
. ... the primer summarizes the evidence of
cusses the importance of each principle Nhis trend

achieving by-product synergy success.




Observations and Lessons Learned

on Chaparral’s STAR Project

Libor Rostik is Vice President,
Technology and Development at
Chaparral Steel Company in
Midlothian, Texas. Some of his
observations and “lessons learned
as a result of working toward by-
product synergy follow.

“We at Chaparral believe that, in
the future, it will not be enough
to be a producer of quality prod-
ucts. Manufacturers will have to
accept the responsibility for the
environmental worthiness of the
entire process including the gen-
eration of the co-products and
wastes. We believe in this and we
set for ourselves a new chal-
lenge: zero waste/100% product
steel making.”

Managerial Challenges: “The first
requirement for success is that
the people who will make it work
adopt the Project Vision as their
own. That includes everybody
from the operators to the Board.
The managerial challenge was to
secure full commitment and sup-
port for a totally new concept”

Technological Challenges: “New
industrial culture, new challenges
call for new technologies. We
have to accept the environmental
issues as an integral part of our
process.”

Economic Challenges: “We are in
business to be profitable. We
have to find the harmony
between environmental and
business responsibilities.”

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

The Practice of By-product Synergy: A Case Stuay

Chaparral Steel Company:
By-product Synergy through Zero
Waste/100% Product Steelmaking

Midlothian, Texas, owns and oper- reinforcing bars, special bar quality rounds,
ates a technologically advanced channels, and merchant quality rounds.
steel mill that produces bar and struc- These products are sold primarily to the
tural steel products by recycling scrap construction industry and to the railroad,
steel. Chaparral’s facilities and operat- defense, automotive, mobile home, and
ing philosophy reflect the latest world- energy industries. Chaparral’s principal
wide advancements in electric arc steelcustomers are steel service centers, steel
making. Chaparral Steel is a publicly fabricators, cold finishers, forgers, and
traded company, 84% owned by Texas original equipment manufacturers in North
Industries, Inc. (TXI), a large cement America, Europe, and Asia.
producer. Chaparral’s primary source of scrap steel
Chaparral is committed to incorpo- is old automobiles. To recycle this material,
rating new technologies intended to  an automobile shredder facility, the largest
provide the best quality products at  and most productive in the world, is located
internationally competitive prices. In next to the mill.
addition, the company considers itself =~ The shredder operation provides
to be a world-class recycling facility.  Chaparral with a competitive advantage in
Chaparral produces steel using the  the acquisition of raw material. In 1996, the
most stringent environmental controls shredder transformed over 700,000 tons of
and seeks to be at the leading edge of old cars and other light scrap into raw mater-
environmental technology. ial. This volume represents about 40% of
Chaparral Steel’s initial production Chaparral’s total scrap needs (the remainder
of 228,000 tons in 1976 grew to 1.6  is purchased). Chaparral intends to increase
million tons in 1995. In 1992, a large  the volume of material processed through the
beam mill was completed, further shredder in order to expand on the competi-
expanding the company’s capacity and tive advantage it provides.
product range. Chaparral now has two  Scrap is melted by two computer-assisted
electric arc furnaces with continuous ultra high powered electric arc furnaces
casters, a bar mill, structural mill, and (EAFs). The EAFs are complemented by two
a large beam mill that enables the comhigh-efficiency ladle furnaces that ensure the
pany to produce a broader array of high productivity and quality of the steel.
steel products than traditional mini Wastes and by-products from Chaparral’s
mills. steel making process include three significant

C haparral Steel Company, located in  Chaparral’s steel products include beams,
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ferruginous streams: EAF slag, mill scale, where everything that the steel mill pro-
and baghouse dust. In addition, auto duces, will, in synergy with the adjacent
shredder residue, non-ferrous particulate, enterprises, be a useful product. The ulti-
and spent refractories are produced in themate goal of the project is to achieve zero
process. waste [or 100% product] from the com-

For years, mill scale has been recog-

plex through better understanding of the

nized as a by-product that can be sold as process requirements and application of

source of iron oxide to portland cement

innovative technology and sound

producers. In the early 1990s, its experi- economics?8

ence with mill scale inspired Chaparral to

ask: “Are there opportunities for other

“Chaparral realized early in the STAR
project that the company knew “very little

wastes, or by- or co-products to be used about by-product, co-product and waste

as replacement for raw materials in the
cement industry? Or in any other
industry?”

The STAR Project

When Chaparral recognized that

generation. When we asked ourselves a
guestion—'How much slag, how much
mill scale do we produce, and how many
tons of landfill waste do we generate?’ we

these wastes and by-products

Steel Raw
Fases " Material

Ir Alloys I

were candidates for by-product
synergy and other pollution pre-
vention measures, its “Systems
and Technology for Advanced
Recycling” (STAR) project was
born. Initiated jointly with TXI

to organize environmental efforts
effectively, the STAR project is

dedicated to reducing process ﬁg%irc Irwmer “Refractoriesl

wastes, conserving natural
resources, and preventing
pollution through the environ-
mentally and economically
sound recycling of waste materi-
als generated by steel and
cement manufacturing.

The mission of the STAR

project is to develop synergies

between the steel and cement
manufacturing processes and the
automobile shredding facility, all
located in Midlothian, to achieve project
goals.

According to Libor Rostik, Vice-
President of Technology and Develop-

*Automobile Shredder Residue

got only estimates for an answer. It
became clear that without a proper materi-
al balance we would not be able to man-
age this project.” says Rostik.

ment, “The Chaparral vision is to push the“The principal philosophy is to identify
limits of steel-making practice to the pointevery intake and every output, including

CEMENT
OPERATIONS

STEEL

OPERATIONS

“We are in the recycling business,
which is also the steel making
business. We are accepting the
environmental responsibility for
what we do. This responsibility
becomes the driving force for
innovations and progress. And
we make economic sense—to the
delight of our shareholders”

“Proper and detailed material and
energy balances before and after
project implementation will prove
the success of the project”

Recycle Facility Flow Diagram

Steel Products

Mill Scale, Slag,
Bricks, Dust

Ceramics

Bricks,
Kiln Dust

Cement

Other Metals

STAR Project © May 1994

8Zero Waste Electric Arc Furnace Steel
Making presented by Libor F. Rostik,
Vice President, Technology and
Development, Chaparral Steel Company,
Waste Minimization/ Pollution Prevention
Conference, Philadelphia, Pennsylvania,
June 1996.



This by-product-to-resource
conversion thus conserves
natural resources while
reducing energy require-
ments 10-15%. Furthermore,
the value of the slag is
increased 20 times, relative
to its road construction

value.

About collaboration, Libor
Rostik says, “What is new is a
desire to look over the neigh-
bor’s fence and develop a
spirit of collaboration. The
typical posture of ‘do not tell
me about my business’ must
give way to multi-industry
views."

Chaparral only hires people
who are comfortable with
ambiguity and change. “Our
company employs only people
who can be motivated,” says
Rostik. There is no R&D func-
tion separate from production:
“Everybody is in research and
development,” says Gordon
Forward, President and CEO.

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

their quantities, and how much we pay
either to purchase it or dispose of it.
This exercise goes beyond the environ-

mental concerns. It identifies the process

steps and process requirements in such

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

this innovation, slag was cooled, crushed,
and sold, generally to the road construc-
tion industry.

The upgraded slag magnetic separation
process allows lower grade metallics to

detail that it helps the operating people tobe recovered and recycled back to the
become better managers. The overall magurnace. The lower-grade iron slag is fed

will show us the relationships plant-wide
and, ultimately, will depict the activities
of all three industries in very minute
detail”

In the STAR project, Chaparral has
successfully applied the principles of
by-product synergy to its EAF slag by-
product. It is currently exploring a new

into the cement plant kilns, serving as a
substitute for limestone. This by-product-
to-resource conversion thus conserves nat-
ural resources while reducing energy
requirements 10-15%. Furthermore, the
value of the slag is increased 20 times,
relative to its road construction value.

By increasing production capacity 9%

technology to achieve by-product synergyin fiscal year 1995, CemStar has proven
for its automobile shredder residue that is profitable as well. It has already produced

expected to expand to other applications.

Other creative ways in which Chapatrral
recycles and reuses material or reduces
pollution involve refractories, water,
energy, mill scale, and kiln dust resulting
in annual saving of millions of dollars.
Some of these efforts are described in
more detail below.

EAF Slag as a Resource for Cement
Production: The CemStar Process

In 1993, Gordon Forward, Chaparral
Steel’s President and CEO, looked over
his neighbor’s fence and discovered a
partner for EAF slag in TXI's adjacent
cement plant. A joint team of operating,
technical, and management personnel—
including both Forward and Robert D.
Rogers, TXI's president—collaborated in
an effort to use the slag by-product pro-
duced by Chaparral as a resource for
TXI's cement operations.

The result of this collaboration was
“CemStar,” a patented process that adds
slag to the cement raw material mix,
thereby yielding larger batches of high-
quality Type | Portland cement without
compromising its characteristics. Before

several million dollars of pretax income
for TXI's two cement plants on an invest-
ment of less than $1 million.

TXI believes that most cement kiln
capacities can be increased 5-15% with a
very small capital investment and very
low incremental costs. While cement con-
sumption now outpaces production, new
plants are prohibitively expensive and
time-consuming to build. TXI now plans
to collaborate with other by-product syn-
ergy partners by licensing the process to
other domestic and international cement
producers for a royalty, with TXI provid-
ing the equipment, technical assistance,
and, in some cases, the raw material.

The financial aspects of this project
have also been well received on Wall
Street. According to the September 18,
1996 issue of th@vall Street Journal
“CemStar, says Value Line’s Mr.
[Thomas] Plant, ‘really accentuates the
synergies between TXI and Chaparral
Steel,” which accounts for two-thirds of
the company’s operations. Mr. Plant gives
TXI stock Value Line’s highest rating...
‘With a situation like CemStar evolving,
this could provide some meaningful
increases to the bottom line.”
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A very significant benefit of the
CemStar process is that its application
reduces overall carbon dioxide (&P
production from the cement-making
process. TXI therefore sees business
opportunities for this technology in emis-
sion credit trading.

Eighteen months of theoretical studies,

practical tests, and economic evaluations
were required to prove that CemStar was
indeed a viable by-product synergy
project.

By-product Synergy for Automobile Shredder
Residue and Beyond

Automobile shredding is an integral part
of Chaparral’'s operations. About 700,000
obsolete cars are shredded every year,
generating over 180,000 tons of residue
that is currently landfilled. This residue
stream includes aluminum, magnesium,
glass, polyvinyl chloride (PVC), and rub-
ber, as well as non-chlorinated plastics
and other non-ferrous metals. In this
stream, Chaparral recognized another
opportunity for by-product synergy.

In 1990, Chaparral installed a sophisti-
cated Automobile Scrap Residue (ASR)
cleaning system, based on eddy current
technology, to reduce the amount of ASR
that must be landfilled. In a follow-up
move in 1996, the company purchased
exclusive rights to an innovative flotation
separation technology after pilot tests
indicated that Chaparral’s ASR could be
economicallyseparated into essentially
pure components. Unlike conventional
separation by flotation techniques, this
technology allows for high throughputs
while using very inexpensive flotation
media.

This capability means that the non-
chlorinated plastics, rather than being
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plastics from municipal landfills in the
future. In addition, the separation process
will yield aluminum, magnesium, and
other materials so clean that Chaparral
hopes to attract other processing facilities
to its Midlothian site.

The facility, which is being constructed
on the grounds of the steel mill, is expect-
ed to be operational by July 1997. The
economic benefits are substantial. The
sale of non-ferrous metals will pay for the
plant in less than one year. The sale of
clean plastics will generate revenues of up
to $500,000 per year.

This technology may be applied, not
just to ASR, but to a variety of waste
streams from many different processes.
Chaparral plans to market this capability
throughout North and South America. As
a result of its commitment to by-product
synergy, Chaparral has identified a new
business venture that promises to be very
profitable while reducing the environmen-
tal impact of multiple industries.

This prospect has gained the support of
the regulatory community. In a recent
meeting with the Texas Natural Resource
Conservation Commission (TNRCC) to
describe this technology, the Commission
offered not only to streamline the permit-
ting process for these operations but to
help Chaparral identify potential applica-
tions for this technology—a perfect exam-
ple of industry-government collaboration.
Rostik states, “The separation technology
will revolutionize the recycling of obso-
lete automobiles. We are working very
closely with all major automobile compa-
nies and their vehicle recycling partner-
ship (VRP), and with the American
Plastics Council (APC). This synergy will
advance the recyclability of an automobile
and further contribute to the environmen-
tal goals of automobile manufacturing

landfilled, instead may be used as a highl}(morldwide "
efficient and clean fuel source. In fact, this '

technology will allow profitable mining of

This capability means that
the non-chlorinated plastics,
rather than being landfilled,
instead may be used as a
highly efficient and clean
fuel source. In fact, this
technology will allow
profitable mining of plastics
from municipal landfills in

the future.

The CemStar project team was
made up of people from all
levels of both organizations—
from presidents and vice-presi-
dents to operations managers
and operators. Rostik observes,
“Creation of a dedicated team
obliterates any problems relat-
ed to two different company
structures and cultures”

According to Rostik, “Environ-
mental education and concern
must become part of the com-
pany culture. The initial push
came from the top. Results were
achieved when roots were
formed. It starts with a few
visionaries but has to end with
grassroots.” This climate has
fostered the innovation required
to make by-product synergy
successful.



Observations and Lessons Learned
from Industrial Symbiosis Projects

David Cobb of Bechtel's Tech-
nology and Consulting Services,
San Francisco, is project manager
of the Brownsville project. He
offers the following observations
and “lessons learned” as a result
of working toward by-product

synergy.

“In discussions with industries
about industrial symbiosis (IS),
the focus should be on cost
savings and easier permitting,
rather than concentrating on
environmental or socioeconomic
benefits of industrial ecology.”

“Some industries were at first
reluctant to release waste stream
data. Non-disclosure agreements
alleviated this for the most part.
Other industries do not yet see
real economic advantages to
materials exchanges. We hope
that the IS tools and developed IS
scenario will reveal multiple spe-
cific and quantified examples of
such savings”

“BEDC staff have been most help-
ful in gaining industry coopera-
tion. They were assisted in initial
data gathering activities by Texas
A&M staff. Their initial focus on
pollution prevention proved
counterproductive but a later
focus on materials flows worked
well”

.............................................................
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The Practice of By-product Synergy: A Case Study

The Bechtel Corporation; By-product
Synergy through Industrial Symbiosis
In the Brownsville, Texas Region

member, provides technical, manage-

'I- he Bechtel Corporation, a BCSD-GM

ment, and directly related services to
develop, manage, engineer, build, and

By orienting companies to look at
wastes as commodities to be sold or recy-
cled, the eco-industrial park promises to
boost companies’ financial performance

operate installations for customers aroundwvhile reducing the demand for virgin

the world. Since 1989, Bechtel has
worked on more than 15,000 projects in
140 nations. Industries served include
power, petroleum and chemicals, trans-
portation, buildings, water supply and
treatment, infrastructure development,

feedstock materials, minimizing the cost
of treatment and disposal of wastes, and
reducing the adverse environmental
effects of industrial development.

The Brownsville project will have two
components: a physical site where com-

pipelines, mining and materials, pulp and panies can be located near one another
paper, advanced technology, environmen-and a virtual site where industries already

tal remediation, manufacturing, and
telecommunications. At the end of 1995,
Bechtel was working for 580 clients on
almost 1,000 active projects and studies,
some of which involve sustainable
development.

The Brownsville, Texas Eco-Industrial
Park (EIP) project is a community effort
sponsored by the Brownsville Economic
Development Council (BEDC), and sup-
ported by Bechtel, to promote industrial
development in a way that minimizes
industry’s effect on the environment
through increased manufacturing effi-

in Brownsville/Matamoros can exchange
materials without having to relocate. A
strong candidate for the eco-park site is a
brownfield at the Port of Brownsville that
offers easy access to the port channel and
the area’s highway network, and is close
to the existing industrial base and the
international bridges leading to Mexico.
To reduce regulatory barriers to trans-
porting materials involved in exchanges or
recycling, regulatory innovation will be
sought under the EPA's Project XL, a
national pilot program in which EPA
grants regulatory flexibility for innovative

ciency. The goal is to develop a workable environmental projects.

community of manufacturing and service

businesses in the Brownsville/Matamoros,

Mexico region that enables companies
with by-products and throw-away wastes
to find other companies that might use

With assistance from the Lower Rio
Grande Valley Development Council, the
BEDC and the City of Brownsville
received a grant for a feasibility study in
September 1995 from the U.S. Depart-

these materials as raw materials—in othement of Commerce.

words, to practice by-product synergy.
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The preliminary research involves alternative process technology will be
assembling a database of industries in thereflected in the final IS scenarios to be
Brownsville area and identifying their ready early in 1997.
input and output streams, production The final IS scenario will help the
processes, disposal costs, and utility BECD identify potential candidate indus-
requirements. The industry database, tries and will help participants evaluate
being assembled by the Texas Engineerinthe risks and benefits of participating in a
Extension Service (TEEX), will be used regional IS. It also will aid in identifying
with a computer planning model, devel- redundant suppliers of materials and
oped by Bechtel, to match industries by receivers of wastes and byproducts, and
linking feedstock requirements with by-  will encourage innovative and accelerated
products and waste streams. regulatory solutions.

Bechtel's planning model can be used  After the feasibility study has been
to search the database to identify multiplecompleted, the BECD will understand what
possible materials exchange links within it will take to implement an eco-park in
the Brownsville/Matamoros region. This  Brownsville in terms of facilities require-
regional IS will allow potential collabora- ments, development costs, and the park’s
tion partners to be identified. The databasenanagement structure. TNRCC will assist
includes both local existing industries (to with the Project XL application to the
identify current opportunities) and non-  EPA. In addition to BEDC and the City of
local industries (to identify potential Brownsuville, the proposal is supported by
opportunities that may attract new the Port of Brownsville. “Profitability will
industries). be tracked internally by participants. The

According to David Cobb, Bechtel usual challenges to tracking environmen-
“came up with the idea for IS planning  tal costs/ benefits exist. Bechtel will assist
tools when it became apparent that com- participants in developing accounting sys-
plex materials exchange webs will not  tems that more realistically track these
likely “evolve” pair by pair. (Early partici- costs,” according to Cobb.
pants will likely make their own deals The next U.S. project for Bechtel is the
with suppliers/receivers and agencies to development of a regional redevelopment
allow them to get up and running. This  plan, based on IS, that addresses the needs
reduces the incentive to modify practices of a depressed industrial city in New
later even though new opportunities arise.England. This will involve increasing the
Industrial designers need to be able to picutility and sophistication of the Browns-
ture a “mature” materials exchange web ville tools, expanding the database,
up front. Tools to lay out these systems dastablishing a regional materials exchange
not exist. Bechtel is developing them.”  brokerage, and providing planning ser-

This research is expected to result in avices to regional communities and indus-
workable IS scenario that BEDC can tries. A team consisting of city and
develop and market to regional partici-  regional planners, a major university, and
pants and eco-industrial park tenants. Theother interested parties is now planning
BEDC will take the lead in contacting this project.
local and new industries for whom materi- Overseas Bechtel projects for which IS
als exchange may be attractive. is being planned include major industrial

The first IS scenarios, completed in  developments, an airport light industry
late 1996, focus on mass flow and techni-park, several new cities, urban redevelop-
cal feasibility. Regulatory feasibility, ment, and integration of new industrial
cost/value analysis, and consideration of projects into existing communities.

“We emphasize that the IS scenar-
ios are intended to help individ-
ual participants make their own
evaluations and come to their
own conclusions. It is very
important to consider the IS
scenario as a planning tool, not
a master plan. Detractors of the
IS planning approach see it as
the latter and back away.”

“Communication was not always
easy because of the greater inter-
est in eco-parks compared to
regional exchanges. Most interest
has come from overseas develop-
ers whose vision is often of broad
regional projects, most with diffi-
cult socioeconomic challenges
that respond well to an IS
approach. Bechtel feels that the
‘eco-park’ concept is unneces-
sarily restrictive, although such
‘parks’ may be a reasonable
component of a much broader
regional plan.”

Internal Barriers: “Materials
exchange was viewed as having a
strong ‘green’ base. It was nec-
essary to demonstrate the poten-
tial economic benefits in order to
effect really large-scale partici-
pation. Also, the planning tools
needed to evaluate and demon-
strate the consequences of large-
scale materials exchange until
recently have simply not existed.
Lastly, the industry input/out-
put/utility data necessary to drive
such planning tools did not exist
in a form that permitted system-
atic evaluation”



External Barriers: “Proponents
focus on ‘green’ aspects
rather than on economic
incentives. There is a perva-
sive ‘field of dreams’ atti-
tude that anything this good
just ‘has to happen. Some
have a misconception that a
complex materials exchange
web can evolve in the
absence of a detailed vision
of the overall make-up of the
system. The severe con-
straints represented by lack
of redundancy in both
suppliers and receivers of
materials streams potentially
available to participants are
not appreciated. Tools need-
ed to identify these redun-
dancies are unavailable”

Industrial Symbiosis and an Early (et

Sulfuric Acid Manufacturer

Example of an Eco-industrial Park;

Kalundborg, Denmark
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The eco-park concept probably first came widely to attention in “Industrial
Ecology: An Environmental Agenda for Industry,” a monograph by Hardin
Tibbs, that told the tale of an IS in Kalundborg, Denmark, where a series of
businesses formed a complex network of waste and energy exchange.

The Asnaes coal-fired electric power plant supplies steam to the Novo
Nordisk pharmaceutical plant and the Statoil refinery, and waste heat to a
district heating system serving 3,500 homes. The refinery removes sulfur
from its natural gas, selling it to Kemira, a sulfuric acid manufacturer,
resulting in a cleaner gas that is in turn bought by Asnaes. Asnaes sells fly
ash to a cement plant and waste gypsum to a wallboard plant, and uses still
more waste heat in the greenhouses and fish farms it operates. Sludge from
Novo Nordisk becomes fertilizer for local agriculture, and refinery waste-
water feeds the power plant.

Still successfully operating today, the Kalundborg eco-industrial park is
viewed as a classic example of the IS approach to by-product synergy.
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The Practice of By-product Synergy: A Case Study

Florida Power & Light;
By-product Synergy through
Reclamation and Salvage

For FPL, responsible environmental
stewardship includes taking an active role
in the development and application of sus-
owned electric utilities in the United tainable development policies on the cor-
States. FPL serves 7 million people, or  porate, regional, and national levels. FPL's
about half the population of Florida, in an commitment to this policy at the corporate
area covering almost the entire eastern level is demonstrated by activities such as
seaboard and southern third of the state. by-product synergy, pollution prevention,
This region continues to experience strongvaste minimization and recycling efforts,
growth, driven by Florida’s tropical cli- and energy conservation/renewable energy
mate, natural beauty, and excellent qualityprograms.
of life. FPL Group’s other operations Numerous by-product synergy and pol-
include ESI Energy, a participant in the  lution prevention programs, including
growing independent power business, andvaste minimization and recycling initia-
Turner Foods Corporation, one of the tives, have been in place for several years
largest citrus producers in Florida. at FPL locations system wide. Through

these activities, and
FPL Disposal Costs: A 77% Reduction from 1991-1995 those of FPL's chemi-
$1,200,000

Florida Power & Light Company

F PL Group, Inc. is the parent of
(FPL), one of the largest investor-

cal standards and
review board, FPL's
fossil-fueled plants
reduced the quantity
of hazardous wastes
generated from 145
tons in 1986 to just 41
tons by 1991. This
was accomplished
through product sub-
stitutions and segrega-
tion of waste streams

$1,000,000
$800,000
$600,000
$400,000
$200,000
$0

Observations and Lessons Learned
Through FPL's Reclamation and
Salvage Projects

To ensure participation from the
top down, FPL hired a full-time
recycling coordinator in 1992 and
created a waste minimization team
to reduce waste volume and cost
while increasing recycling efforts.
Through education and communi-
cation, employees have reduced
waste using double-sided copying,
electronic mail, and recycling.
FPL's Procurement Department
has made significant contributions
to reducing waste by collaborating
with vendors to reduce packaging
requirements and ordering materi-
als with recycled content when
possible.

To communicate the benefits of
by-product synergy and other
efforts, the waste minimization
team circulates recycling aware-
ness material. Iltems include
posters, quarterly recycling
statistics, annual video, newsletter,
and a continually updated user’s
manual on the items to recycle.

To motivate its employees to par-
ticipate, the Corporate Environ-
mental Department sponsors a
program that awards cash bonuses
to employees for ideas and prac-
tices that have a positive environ-
mental impact on the company.



According to Scott Freeburn,
Recycling Coordinator at CRS,
“There are still a lot of other
things in our trash that we're
looking to find new and creative
ways to use or sell. Recycling is
growing in a big way, and that
means everybody wins—FPL, its
customers, shareholders, and the
communities we serve.”

In a letter to FPL after a bench-
marking visit to CRS, a municipal
utility representative wrote, “We
had heard about your operation
during a visit to Kansas Power &
Light. | was extremely impressed
with their recycling center and the
fact that they have generated over
two million dollars. When | stated
they had to be the best in the
nation, they felt thayour com-
pany was on the cutting edge.
During our recent visit, | learned
why they felt that way. Your
employees did not hesitate to
share their recycling knowledge,
which was quite extensive. The
thing that impressed me the most
was the way they all tried to
encourage criticism and/or ask us
to discuss what we felt might be
weak points. Your company
involves everyone in the recycling
process. Could this be why your

company has managed to advance

so rapidly and so far ahead of the
other recycling programs? This
was the second benchmarking
trip...that | have been involved in,
and | must say that your company
has a lot to be proud of”
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to avoid c_ontaminating non-hazardous Scrap Porcelain and Concrete
wastes W|_th hazardous v_va;tes. N as Road Fill
Recycling is also a priority activity at - )
FPL. In 1981, FPL's Central Reclamation Large quantities of porcelain, a waste
and Salvage Department (CRS) was stream somewhat unique to the utility
created to process scrap wire and cable. industry, are generated from old insulators
The CRS has since grown from a five- and electric equipment with porcelain
person scrap wire operation to a 50-persofushings. FPL was sending this waste,
recycling center. together with scrap concrete from cracked
Each day, 17 FPL trucks drive through_transformer pads, pole guards, and old
out the state, bringing back materials fromchambers, to a landfill at a rate of over
72 locations: scrap cable and wire, waste 1,000 tons per year. ,
wood, plastics, porcelain, concrete, paper,  11r€€ years ago, FPL's Corporate
cardboard, toner cartridges, scrap pole lin&ecycling Coordinator, Scott Freeburn,
hardware, street lights, light bulbs, lead recognized that the material might be use-

acid batteries, scrapped transformers ful in road construction. FPL contacted
aerosol cans, and other types of scrap Eakins Construction Company. Eakins
equipment and materials. Every FPL was interested, but did not want metal in

facility participates in the recycling the stream. FPL brokered an arrangement

program and each employee has an with a scrap dealer to pay Eakins for the
opportunity to recycle the materials in scrap metal. One week later, after testing
his or her workplace. the porcelain/concrete blend, Eakins

In 1994, FPL recycled 11 million agreed to the partnership. Eakins now

pounds of metal, 5.1 million pounds of crushes the material and sells it to
wood, 1.9 million pounds of paper and ~ roadbuilders.
cardboard, 600,000 pounds of porcelain This project has reduced FPL’s landfill
and concrete, 220,000 pounds of PVC, costs by hundreds of thousands of dollars
and 21,000 pounds of plastic stretch wrap® Y&a'- Because the material is donated by
FPL's recycling activities are also estimat-FPL, it has reduced Eakins’ raw material
ed to indirectly reduce over 100,000 tons COSts and provided a source of revenue
annually of greenhouse gas emissions. through the sale of both the crushed

FPL has worked to reduce costs for  Porcelain/concrete blend and the scrap
disposal of this scrap material from $1.2 metal. And of course, significant amounts
million in 1991 to $281,000 in 1995, a  ©f landfill space are conserved.
77% savings. Even more impressive is the .
revenue generated from these activities—ocrap Wood as Fuel for Sugar Mills
$2,770,000 in 1994. CRS currently gener-FpL was sending over 500 tons a year of
ates $1.8 million in profits annually, and  yntreated wood products such as damaged
expects to add $600,00 annually through pallets, dunnage, and old spools to a land-
new projects. fill. Recognizing the potential fuel value

The two projects highlighted below are of this wood, FPL approached a local
excellent examples of by-product synergy sugar mill, Okeelanta Sugar Corporation,
as practiced by FPL. with the idea of burning the wood in boil-

ers to provide process steam for sugar
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production. After testing the wood, which
FPL mulched in a tub grinder, Okeelanta

agreed to FPL's price and another success-

ful by-product synergy collaboration was

born.

FPL has not only eliminated its landfill

costs for the scrap wood, but has con-
verted this waste stream into a revenue
source by selling it. In addition, signifi-
cant amounts of landfill space are again

conserved.

FPL's Other By-product Synergy and
Pollution Prevention Projects

Conversion of scrap wire insulation to
fuel for the solid waste authority
through burning;

Conversion of used stretch wrap to a
resource for a plastic lumber product
made by Mobil Chemical;

Return of wire reels to manufacturers
for reuse;

Refurbishment and reuse of hardware
and equipment in lieu of scrapping;

Testing and resale to Third World
countries of old street lights and sodi-
um bulbs that still have additional life
but no longer meet U.S. specifications,
thereby avoiding expensive and unnec-
essary disposal;

Cleaning, granularizing, and sale of
scrap PVC, polyethylene, and polycar-
bonate for reuse;

Consolidation and use of unwanted
paint, solvents, and degreasers;

Harvesting and sale of aluminum and
copper wiring from surplus transform-
ers; and

Donation of usable wood poles to local
farmers for fencing.

1995 Distribution/Power Delivery Recycling Totals

Reclaimed MEtalS: ........ooorvvvemreeereriessrersseeenns 10,574,653 Ibs.
PADEE: ©ovvvvveeseessssssssssssssssssssssssssssssssssssssens 1,019,842 Ibs.
0710100 T 737,564 bs.
SCIAP WOOM: .vvvvvvvvvvvvssssseesssssssssssssssssssssssssnens 5,114,947 |bs.
SCIAP PVC: .vvvvvveersssssssssssssssssnssssssssssssssnens 49,930 Ibs.
SErELCh WHAD: vvvvvvvevvvvsssnsessssssssssnssssssssssssssenens 21,540 Ibs.
Scrap Porcelain & CONCIete: ..v....ouvvvvvrerrrrrrveenns 1,140,000 Ibs
Refurbished Pole Line Hardware: ...........ccooceeeee $218,492

Toner Cartridges: ......eeervveeeessrmmsssesssssssssssssesens 1,818

Poles Back HaUIed: .............cvvvvvvvvevvevvvvvnninnnnnnnnns 485

Used Oil Burned at Fuel TerminalS: .........covvvvveeees 234,609 gallons

Scrap plastic

Wire reels



The profitable
conversion of by-
products and wastes
to resources requires
creative collaboration
among generators
and consumers.
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The Principles of By-product
SyNergy

INNOVATE Through the kinds of
practical experi-
ence described in

these case The profitable conversion of by-products
studies, and wastes to resources requires creative
BCSD-GM collaboration among generators and

members have consumers. Whereas traditional pollution
identified six fun- prevention activities focus on reduction,
damental principles reuse, and recycling within a process,

LA HE for achieving success by-product synergy takes pollution pre-
in by-product synergycollaboration, vention “beyond the fence-line” between
motivation, communication, innovation, different processes.
participation, andevaluation Applying By-product synergy can occur:

each of these principles does not mean

that you'll succeed in overcoming all the
barriers you may encounter, but neglect-
ing these principles can lead to failure.

e Among different organizations;

» Within an organization, but among dif-
ferent business or operating units; or,

» Within a business or operating unit, but
among different process units.

By-products and wastes may be converted
to resources by partners in one:one,
one:many, or many:many relationships.
Potential partners in by-product synergy
project collaboration may be businesses,
community organizations, and government
agencies.




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

Even if they are not direct partners in the

project, affected communities and govern-

ment agencies should be recognized as
“By-product synergy is successful not vital stakeholders and therefore included
because of the technology, but because ofn communications. This will help the

the psychology,” according to Andy effort proceed more quickly and overcome
Mangan, Executive Director of the barriers to success.
BCSD-GM.

Because it crosses organizational
boundaries and requires a change in the
status quo, by-product synergy may be
met with negative reactions including
skepticism, cynicism, and anxiety. For a
collaboration to be successful, all project
stakeholders at all organizational levels
must be motivated to support it.

Motivating people requires changing
the organizational culture from one that
resists change to one that embraces it.
This change in culture must start at the
top with the attitude of the organization’s
senior leadership.

To overcome the numerous barriers to
successful by-product synergy projects,
innovation is often required, from the
invention of new conversion technologies
to the creation of strategies for overcom-
ing regulatory disincentives and other
barriers.

Successful by-product synergy requires
active participation throughout the
collaborating organizations, from CEO to

factory floor worker, community leader to
To succeed with by-product synergy, good y W Hnty

L ' citizen. All organizational levels should be
communication among all project stake- . o o .
. . involved in identifying, evaluating, and
holders—businesses, communities, and . . :
: X . implementing the project to ensure that all
government agencies—is essential. To

; . . potential barriers to success are identified
identify, evaluate, and implement by-prod-
) . . and overcome.
uct synergy projects, information on the
following topics must be freely exchanged
by potential partners:

« Waste and by-product characteristics;

* Resource requirements; A by-product synergy project must be

* Conversion technologies; and evaluated throughout its life cycle—

e Technical, economic, geographic, before, during, and after implementa-
regulatory, legal, business, social, time,tion—to ensure that the economic, envi-
informational, and other factors that  ronmental, and social objectives of the
affect project feasibility. project are being achieved. If not, correc-

tive action must be taken.

To succeed with
by-product synergy,
good communication
among all project
stakeholders—
businesses, commu-
nities, and gover-
ment agencies—

IS essential.



INNOVATE

BY-PRODUCT,

SYNERGY

COLLABORATE

By-product Synergy Barriers
and Principles Needed to
Overcome Them
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The Problems of By-product

SyNergy

By-product synergy can be profitable as Each project will have its own unique
well as environmentally and socially ben- set of barriers. Although the BCSD-GM
eficial, but it isn’t always easy to achieve. cannot offer specific guidance for every

Since it is better to understand

potential situation, we do believe that your chances

problems early in the process, the BCSD-of success are better if you understand the
GM has identified numerous barriers you general by-product synergy principles that
may encounter, including technical, eco- you should apply to overcome these barri-
nomic, geographic, regulatory, legal, busi- ers. The following table summarizes these
ness, social, time, and informational ones.guidelines.

Technical

Economic

Geographic

Regulatory

Is conversion of the :
by-product to the resource technically
feasible? :

Is conversion of the by-product to thfe
resource economically feasible? |

Can the by-product be safely and
economically transported from its
generator to its consumer?

Is transportation or use of the

by-product regulated? :
Will the use of the by-product as a
resource lead to additional regulation

Process technical experts shopétticipate in project plan-
ning/implementation.

All technical options should bevaluated(including patented
processes).

Innovation should be encouraged to develop new conversion
processes.

True project economics should leealuatedusing life-cycle
cost analysis and full-cost accounting tools.

! Transportation options and economics shoulé\wuated

Potentially applicable regulations shouldésaluatedto
identify issues.

Regulatory experts shoufghrticipate in project evaluation.
There should beommunication andcollaboration with

of the process (for example, by addihglegislators and government agencies to achieve regulatory relief

trace contaminants to the process)?:

if necessary.
Innovation is needed to create strategies for dealing with
regulatory issues.
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Barrier Type

Question

Recommended Principles to Address

Legal

Business

Social

Time

Informational

Could the use of a “waste” in the
process lead to increased liability?
Is transportation or use of the '
by-product prohibited?

Could the project lead to a loss of
competitive advantage?
Are partners willing to make a long-:
range commitment to the project? '
Is project funding available?

Are reliable markets available for
products produced via by-product
synergy?

Does the public mistrust the motives
of the organizations involved in the :
project? 5
Does the public have “Not in my

back yard” syndrome? :
Will the public resist the purchase o
products produced from “waste”? |

Is by-product synergy a low prior-
ity in the organization?

Is information about candidate
by-product and resource streams
available?

Is information about potential
partners available?

Is information about conversion
technology available?

Potentially applicable laws should bealuatedto
identify issues.

Legal experts shoulgarticipate in project evaluation.
There should beollaboration with partners to share or
reduce liability risks.

The competitive situation and market potential should be
evaluated.

Partners shouldollaborate to 1) protect intellectual
property through patents, trade secrets, and other meth-
ods; 2) make long-range commitments through negotiated
contracts; and 3) secure funding.

Innovation is needed to identify new markets, alternative
sources of funding, create unique business alliances, etc.

There should beommunication with community leaders
and citizens about the project, emphasizing its environ-
mental and social benefits.

Where feasible, business, government, and communities
shouldcollaborate on projects.

Employees/citizens should beotivated by senior
organizational leadership to make by-product synergy a
priority using performance goals and measures, and other
incentive programs.

Employees/citizens should lbaotivated by senior orga-
nizational leadership to increase availability of informa-
tion using performance goals and measures, and other
incentive programs.

Potential partners and other stakeholders should
communicateandcollaborate to increase availability of
information.
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“.Ifthere is a safe _ |
way to...sell [phosph- Barriers t0 BY-DrOOUCE  gement in the phospnate rack vaed
ogypsum]...or export Synergy: A Case Study manufacture phosphogypsum. Rackéfm

decays to radon gas, a potential

i i carcinogen.
it for pr0f|t, then the The following case study describes the EPA'S decision was based on what

. Florida Phosphate Council's (FPC’s) ; g
Flonda economy and ongoing efforts to overcome regulator many bellgve was an overly r_estrlctwe

_ going gulatory interpretation of the then-available
environment COUld be barriers to by-product synergy projects  yesearch results, Unfortunately, as a result

involving phosphogypsum, an abundant
imprOVGd.” by-product of the wet-process phosphoric
acid fertilizer industry. This case was
. brought to the attention of the BCSD-GM
fampa Tribune by member company Florida Power &
September 9, 1994 Light. Although FPC has not yet been
successful, this example illustrates that,
along with applying the principles of by-
product synergy, patience, persistence,
and perseverance are often required to
make projects work.

of the ban, over 600 million tons of phos-
phogypsum are currently stockpiled in
Florida alone and the stacks are growing
at a rate of over 30 million tons each year.
The fertilizer industry incurs significant
expense to store phosphogypsum in vast
storage fields, or “stacks.” The phos-
phogypsum is transported to the stack

in a slurry containing acidic process
water. Eventually, the stack is closed by:
1) transferring the process water that col-
. lects on top of the stack to a recirculation
Regulatory Barriers: system; 2) filling and grading the top sur-
Phosphogypsum in Florida face; 3) capping it with a polyethylene

The Central Florida phosphate industry, liner; and 4) covering it with top soil and
one of the world’s largest phosphate fertil-9rasses (see photo at right).

izer producers, annually produces over 30 To overcome this significant regulatory
million tons of phosphogypsum, a by- barrier to by-product syngrgy, _the TFI and
product of wet-process phosphoric acid he FPC have been working diligently
fertilizer production. Since 1979, the with industry members, business leaders,
Florida Institute of Phosphate Research SCientists (including the FIPR), govern-
(FIPR), a state organization charged with ment officials, environmentalists, farmers,
“doing or causing to be done” phosphate- and other private citizens with an interest
related research that can benefit the indudll €xploring environmentally and econom-
try, the state, and the environment, has  ically sound uses of phosphogypsum. The
been actively developing uses for phosph-Tampa Tribuneeditorialized on September
ogypsum. FIPR and other organizations 9 1994 .that o there IS a sa.fe way
believe they have demonstrated that phoslo---se” it...or export it for _proflt, then the
phogypsum may safely and economically Florida economy and environment could
be used in building and road construction,?€ improved.”

agriculture, tile manufacture, and other The following activities are now
applications. underway:

However, in 1989, EPA imposed a ban * The FPC has formed a Phosphogypsum
on phosphogypsum use under the Na- Research and Utilization Task Force to
tional Emission Standard for Hazardous provide public support for environmen-
Air Pollutants (NESHAP) because of tally sound uses of phosphogypsum.

concerns about radiu#$, a radioactive
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e TFI, the FPC, and the FIPR have met current risk assessment methodology
numerous times with EPA over the past will clear the way for the use of phos-
two years to discuss this issue. In an phogypsum in agriculture.

April 5, 1995, letter to Carol Browner, .+ kai David Midboe, former director of

EPA Administrator, David L. Batt, the Louisiana Department of Environ-
President of the FPL, wrote, “Having mental Quality, is attempting to form a
been with you on a number of occa- nationwide Association of Phospho-
sions when phosphogypsum was dis-  gynsum Affiliated Industries, a coali-
cussed, including at the top of two tion of stakeholders from the 12 states
phosphogypsum stacks, | know that that have stacks of phosphogypsum, to

you to expedite the reconsideration of {5 EPA to reevaluate the ban.

the EPA ban. Within a few months, the
State of Florida should have completed
its compilation of scientific evidence to
demonstrate the desirability and safety
of using phosphogypsum to the fullest
extent possible. | truly hope that EPA
will be ready by then, if not sooner to
fully concur.” TFI has challenged the
prohibition in federal court (TFI v.

EPA, D.C. Circuit Court No. 92-1320.)
According to G. Michael Lloyd, Jr.,
Research Director, Chemical
Processing for the FIPR, some progres
has been made with EPA. “It

appears that an EPA-suggested -
approach may eventually allow & —
the use of phosphogypsum in - '
road building.” At an EPA public -

hearing on August 1, 1996, to .

receive comments on a proposed
rule to partially relax the stan-
dards, Jerome Guidry, a health
physicist from Orlando, FL, said &
the risk of using phosphogypsum
in this application is minimal. He
compared it to being the same as
“one pound overweight.”

e The FIPR, together with a
Canadian consulting firm, is
evaluating the risk assessment
methodology originally used by
EPA in making the phosphogyp-
sum ban decision. It believes that

In a recent letter to the BCSD-GM, Mr.
Lloyd of the FIPR observed, “We believe
our experience has shown that regulation
can be and often is the single greatest
deterrent to innovative by-product
utilization. We hope you are successful in
prompting a more balanced evaluation of
new approaches that can solve real
problems.”

Only time will tell whether these
activities are successful in lifting the
ghosphogypsum ban.

Closed phosphogypsum stack

——
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The Process of By-product
SyNergy

the principles and the problems of by- process of by-product synergy is outlined

product synergy; and seen some con- in the following table.

The Process of By-product crete examples of increased profits and While the phases and many of the steps
reduced pollution through its practice. Butare the same as those for other process

| n this primer, you have learned about how do you do it yourself? The overall

Synergy
Steps in the By-product Synergy Process
Phase 1 Step 1.  Obtain organizational leadership commitment to by-product synergy
) o Step 2.  Set organizational goals for by-product synergy
PIannmg/Organlzatlon Step 3.  Define individual incentives for supporting by-product synergy

Step 4. Raise awareness about by-product synergy
Step 5. Form teams for participating in by-product synergy projects

Phase 2 Step 1. Identify candidate waste, by-product, and resource streams
o Step 2.  Characterize candidate streams
Assessment/Prioritization Step 3. Identify and contact potential collaboration partners

Step 4. Form joint teams with selected collaboration partners

Step 5.  Identify technical, economic, geographic, regulatory, legal, business, social, time,
informational, and other factors impacting project feasibility and estimate
probability of overcoming them

Step 6. Do preliminary feasibility studies

Step 7.  Review results and prioritize potential projects for further evaluation

Phase 3 Step 1. Perform detailed feasibility studies addressing technical, economic, geographic,
. . . regulatory, legal, business, social, time, informational, and other factors
Evaluation/Decision-Making Step 2. Define performance metrics by which project success will be measured
Step 3.  Determine whether project is viable
Phase 4 Step 1.  Obtain project funding
) Step 2.  Develop implementation plan

Implementation Step 3.  Implement project
Phase 5 Step 1. Monitor performance metrics

o Step 2.  Evaluate project performance
Monltonng and Improvement Step 3.  Take corrective action to improve project performance as necessary

Note: Specific guidance is provided in this primer for italicized steps
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improvement projects, other steps are speindustries. Resources like tKérk-

cific to by-product synergy projects. This
section of the primer provides general

guidance for carrying out by-product syn- tion on the resource requirements as well

ergy-specific steps involving identification
of candidate streams, characterization of
the streams, and identification of potential
collaboration partners.

Guidance for Phase 2, Step 1.

ldentify Canaiidate By-proaduct, Waste, and
Resource Streams

To identify by-product, waste, and
resource streams that may qualify for by-
product synergy projects, start with a
“50,000 feet view” of the process—a
high-level process flow diagram—of the
process (see figure) and then begin to
“think outside the box.”

For each incoming resource stream,
including energy and watgask the
guestion:

Could the physical, chemical, or
energy requirements of this stream
possibly be met by a waste or
by-product stream from another
process—either as-is, or after
undergoing some conversion
process?

For each exiting by-product or waste
stream,ncluding energy and watgask
the question:

Could the physical, chemical, or
energy attributes of this stream
possibly meet the requirements of
a resource stream for another
process—either as-is, or after
undergoing some conversion
process?

Unlike traditional pollution prevention
activities in which both knowledge of and
responsibility for the project reside within
the process, by-product synergy projects
will lead you into the potentially unfamil-
iar territory of processes in different

Othmer Encyclopedia of Chemical
Technolog§ can provide general informa-

as the by-product and waste streams of
most process industries.

To provide a starting place in identify-
ing potentially synergistic processes for
your project, the BCSD-GM has devel-
oped a general model of the structure of
the economy based on the Standard

Look at the process to
Resources Products identify potential
g nnERRER g candidate streams for
by-product synergy
Industrial By-JrOdUCtS
Codes
(SICs)
developed
by the U.S. Resources Products
government TITII 3
for use in I -J
regulating
specific
activities.
The major industrial By-products
categories defined by the
SICs can be grouped into
broader sectors according to
the types of resources they
typically consume and the Resources Products

types of by-products and

wastes they generate. As

shown in following table, the

eight industrial sectors into

which the major industrial
categories fall are: agriculture/food
production, mineral recovery, processing,
transportation, construction, manufactur-
ing, distribution/consumption, and
office/clerical work.

@

==

By-products

8Kirk-Othmer Encyclopedia of Chemical
TechnologyJohn Wiley & Sons, Inc.



Examples of Sector

Industrial Sector SIC Code Industrial Category Examples of Sector Resources  By-products and Wastes
AGRICULTURE/FOOD 1 Agricultural Production—Crops Seed, feed, fertilizer, Chaff, sawdust, bagasse,
PRODUCTION 2 Agricultural Production—Livestock pesticides, water, fuel manure, containers
7 Agricultural Services
8 Forestry
9 Fishing, Hunting, and Trapping
21 Tobacco Products
24 Lumber and Wood Products
MINERAL RECOVERY 10 Metal Mining Fuel, water Overburden, tailings, water,
12 Coal Mining drilling fluids, pipe,
13 Oil and Gas Extraction old equipment
14 Nonmetallic Minerals
PROCESSING 20 Food and Kindred Products Hydrocarbons, fibers, Low grade energy (exhaust gas,
22 Textile Mill Products animals/vegetables, low pressure steam, biodegrad-
26 Paper and Allied Products minerals, fuels, catalysts able substances, etc.), ash, slag,
28 Chemicals and Allied Products sludges, hazardous wastes,
29 Petroleum and Coal Products water with suspended, dissolved
30 Rubber and Misc. Plastics Products metals, obsolete mechanical
31 Leather and Leather Products equipment
32 Stone, Clay, and Glass Products
33 Primary Metal Industries
49 Electric, Gas, and Sanitary Services
TRANSPORTATION 40 Railroad Transportation Fuels Used oils, hydraulic fluids,
41| Local and Interurban Passenger Transgit mechanical equipment, tires,
42 Trucking and Warehousing batteries
43 U.S. Postal Service
44 Water Transportation
45 Transportation By Air
46 Pipelines, except Natural Gas
a7 Transportation Services
CONSTRUCTION 15 General Building Contractors Concrete, asphalt, lumber,  Demolition debris, scrap
16 Heavy Construction, Ex. Building steel, fill material, gypsum,
17 Special Trade Contractors rock, brick
MANUFACTURING 23 Apparel and Other Textile Products Cloth, lumber, aluminum,  Offal, scrap, old mechanical
25 Furniture and Fixtures steel, brass, copper, silidon, equipment, wastewater,
27 Printing and Publishing plastics, clay, energy, water  low-grade energy
34 Fabricated Metal Products
35 Industrial Machinery and Equipment
36| Electronic and Other Electric Equipment
37 Transportation Equipment
38 Instruments and Related Products
39| Miscellaneous Manufacturing Industries

@
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Industrial Sector

SIC Code

Industrial Category

Examples of Sector Resources

Examples of Sector
By-products and Wastes

DISTRIBUTION/
CONSUMPTION

OFFICE/CLERICAL WORK

48
50

Communication
Wholesale Trade—Durable Goods
Wholesale Trade—Nondurable Goods
Building Materials and Garden Supplie
Automotive Dealers and Service Station
Auto Repair, Services, and Parking
Miscellaneous Repair Services
General Merchandise Stores
Food Stores
Apparel and Accessory Stores
Furniture and Home furnishings Storesg
Eating and Drinking Places
Miscellaneous Retail
Hotels and Other Lodging Places
Personal Services
Motion Pictures
Amusement and Recreation Services
Health Services
Educational Services
Social Services
Museums, Botanical, Zoological Garder
Private Households

Depository Institutions
Nondepository Institutions
Security and Commodity Brokers
Insurance Carriers
Insurance Agents, Brokers, and Servicg
Real Estate
Holding and Other Investment Offices
Business Services
Legal Services
Membership Organizations
Engineering and Management Service
Executive, Legislative, and General
Justice, Public Order, and Safety
Finance, Taxation, and Monetary Policy
Administration Of Human Resources
Environmental Quality and Housing
Administration of Economic Programs
National Security and Intl. Affairs
Nonclassifiable Establishments

Products, energy, pape
services, energy, wat

paper

[

7]

Paper, computers, ene
office furniture

, Packaging, used oils, discarded
machinery, tires, batteries,
plastics, municipal wastes—
food, containers, glass,
aluminum, packaging, yard
refuse, newspapers, magazines

or,

gy, Paper, obsolete equipment
(plastics, metal, magnetic
media)
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Agriculture/Food Production

Office/Clerical Work Mineral Recovery

o
m{.}

Distribution/Consumption Processing

Manufacturing Transportation

Construction

By-product synergy collaborations may Some industries, such as pharmaceuti-
be formed within individual industries, cal, semiconductor, and food processing,
industrial categories, or sectors; they mayrequire very pure raw materials and clean
also be created across sectors, as illustraprocesses. By-product and waste streams
ted in the “By-product Synergy Web” of from these activities may be only slightly
potential connections shown in the figure contaminated and therefore easily con-
above. verted to resources by industries with less
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demanding requirements. At the other endmay be partners in the collaboration.
of the scale, construction-related and other Once you have identified target indus-

high-mass consumption activities have
minimal specifications for fill material.

Guidance for Phase 2, Step 2:

Characterize candidate streams
Once you have identified by-product,

tries or sectors for by-product synergy,
how will you find potential partners? The
BCSD-GM (or your regional equivalent),
the WBCSD, and other organizations
devoted to sustainable development are
the best place to start. Other places to
look include the Internet, Chambers of

waste, or resource streams that may workCommerce, commercial and not-for-profit
in by-product synergy projects, character- material exchanges, trade organizations,

ize their key attributes to prepare for
approaching potential collaboration part-
ners. Examples of the kinds of informa-
tion needed for each candidate stream
include:

» Estimated physical and chemical com-

position, including concentration of
primary and trace components;

» Regulated components;
» Estimated energy content;
» Estimated throughput;

« Estimated physical properties, like den-

sity, compressive or tensile strength;
» Geographic location; and
» Transportation options.

Guidance for Phase 2, Step 3:

ldentify and contact potential collaboration
partners
One of the most challenging aspects of

by-product synergy is finding collabora-
tion partners—organizations with by-

and trade shows and conventions.

When selecting potential partners,
recognize that they must be as motivated
as your organization is to make the project
successful. And, they must be willing to
collaborate, communicate, innovate,
participate, and evaluate alongside your
organization. In other words, they must be
as committed as you are to by-product
synergy as a strategy for sustainable
development.

products that may be used as resources in
your processes, or organizations that can
use your by-products as resources in their
processes. In addition to businesses, com-
munities, and government agencies often
have a stake in the project and sometimes
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he power and the promise of by-prod-

uct synergy lie in its ability to raise

profits while reducing pollution and
promoting sustainable development.
Interest in by-product synergy is growing.
The proof:

 Itis cited as a strategy for achieving
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Current BCSD-GM Members:

U.S. Chapter

Chapter Air Products & Chemicals, Inc.
Bechtel Corporation

Central & South West Corporation
Chaparral Steel Company
Ciba-Geigy Corporation

Conoco, Inc.

Florida Power & Light Company
Hatch Associates Consultants, Inc.
Radian International LLC
Temple-Inland Forest Products, Inc.
Vinson & Elkins

Mexico Chapter

Albright & Wilson Troy de Mexico, S. A. de C. V.
Alfa, S. A.

Campachana de Vehiculos, S. A. de C. V.
Celanese Mexicana, S. A. de C. V.
Corporativo Grupo Tampico, S. A. de C. V.
Cryoinfra, S. A. de C. V.

DuPont, S. A. de C. V.

Grupo IMSA, S. A. de C. V.

Grupo Primex, S. A. de C. V.

ICA Fluor Daniel

Inmobiliaria Interestatal, S. A. de C. V.
Petroleos Mexicanos (PEMEX)



