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With the passage of the 1991and1993 
Omnibus Recycling Bills, the Texas 

legislature made recycling a priority. 
Lawmakers set a statewide recycling and 
source reduction goal and directed the 
creation or expansion of many state 
programs to promote and facilitate recy
cling activities in order to achieve that 
goal. Among those involved in this effort is 
the Office of Pollution Prevention and 
Recycling (OPPR) at the Texas Natural 
Resource Conservation Commission 
(TNRCC). The OPPR promotes recycling 
market development and provides techni
cal and market-related information. 

The success of any recycling program 
depends on the development of markets, 
which require both sufficient demand for 
recycled materials and sufficient supply of 
recyclable materials. By far, the largest 
demand for recycled materials and possi
bly the largest supply ofrecyclable materi
als comes from manufacturing. The 
Natural Resources Program at the Bureau 
of Business Research (BBR), University of 
Texas at Austin, studied the potential 
markets for recycled and recyclable 
materials among Texas manufacturers. 
From this research came a knowledge base 
for OPPR to use in their efforts to foster 
linkages among industries, generators, 
traders, brokers, and others. 1 Such linkages 
are vital to creating a sustainable recycling 
market in which buyers and sellers can 
trade efficiently. 

Demand for Recycled Materials: The 
Opportunities and the Challenges 

Fundamental economic technical 
' ' 

policy, and infrastructure factors determine 
whether recycled materials are substituted 
for virgin materials in manufacturing. Our 
study focused on the opportunities for and 
challenges of incorporating recycled 
materials in the production processes of 
twelve important manufacturing industries 
in Texas, including, among others, the 
primary and fabricated metal, computer 
and electronics, and printing and paper 
industries. 2 

The study confirms that manufacturing 
industries need research and information 
about costs, physical and chemical perfor
mance, overall quality, and availability of 
recycled materials in order to decide 
whether to use recycled materials. Many 
factors affect these decisions. For ex
ample, using recycled aluminum has 
become cost effective because the produc
tion of aluminum from virgin material is 
both expensive (due to increased price of 
material inputs, mainly bauxite) and 
energy intensive (using approximately 95 
percent more energy than its recycled 
counterpart). 

Estimation of Demand 

To determine .how much demand existed 
among Texas manufacturers, we estimated 
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the demand for inputs using an Input
Output model and the most current ( 1993) 
manufacturing data for the state. Input
Output models take into account the 
importance of interindustry trade-the 
buying and selling of intermediate goods. 
We developed a database of the dollar 
value of inputs purchased by two-digit SIC 
manufacturers.3 This estimated demand for 
inputs represents the potential demand for 
recycled materials.4 

Our estimates show that the demand 
among manufacturers within the same 
industry (by two-digit SIC code) is very 
important, and for about 50 percent of 
Texas manufacturing industries (by two 
digit SIC), the value of this intraindustry 
demand was among the three highest 
demands of those industries. This implies 
that industry associations can play an 
important role in promoting the demand 
for and supply of recycled materials among 
their members. Our analysis of interindus
try demand shows that most industries 
purchase a very large portion of their 
inputs from wholesale traders, suggesting 
that promotion of demand for recycled 
materials can be done by providing incen
tives to wholesale traders. 

Use of Recycled Materials 

We conducted a survey of Texas manu
facturers by mailing questionnaires to 
26,663 manufacturers. They were asked 
whether they use recycled materials in 
their manufacturing process, and if not, 
whether are they are planning to use them 
in the future. 5 Survey results (see figure) 
show that 4,480 manufacturers answered 
the question about using recycled materials 
in their manufacturing processes and 
12,028 did not. Of those responding, 2,301 
answered in the affirmative, with the 
highest percentages coming from paper 
and allied products (within this SIC code 
[26], 30 percent responded "yes"); primary 
metals (SIC 33; 24 percent); and printing 
and publishing (SIC 27; 20 percent). Of the 
"no" respondents, 615 indicated that they 
were planning to use recycled materials 

2 

and 1,564 said they were neither using nor 
planning to use recycled materials. 

Potential Supply of Recyclable Materials 

We estimated the amount of nonhazard
ous solid waste streams generated by Texas 
manufacturing industries to determine the 
potential supply of recyclable materials. 6 

The estimations were carried out for 19 
two-digit SIC manufacturing industries, by 
29 waste streams, for the state of Texas as a 
whole, 15 TNRCC regions, and 24 COG 
(Council of Governments) regions. This is 
the most extensive and comprehensive 
estimation of its kind in existence for the 
state of Texas in terms ofregional aspect 
and waste categories. Our estimates 
indicate both that Texas industries possess 
great potential for recycling and that many 
of them are already recycling their waste. 
The highest potential supply is metal (all 
kinds), 20 percent of total potential supply; 
paper (all kinds), approximately 16 
percent; and wood and sawdust, approxi
mately 14 percent; with the rest accounting 
for about 50 percent. 

Conclusions 

Recycling market development can 
produce enormous environmental, health, 
and economic benefits as well as economic 
development opportunities for communi
ties. Our estimates of Texas manufacturers' 
potential supply of recyclable materials 
and the potential demand for recycled 
materials, the database of potential users of 
the recycled materials, and the analysis of 
opportunities and challenges can assess the 
current market and indicate opportunities 
for building a sustainable recycling market 
in Texas and improving the efficiency of 
such a market. · 

For example, this information can be 
used by state and local governments, 
generators and processors, and manufac
turers and traders of recycled materials to 
target potential users of recycled materials 
and potential suppliers of recyclable 
materials in different regions and industries 
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in Texas. More specifically, the survey 
results can be used by OPPR to provide 
further information and assistance to the 
companies that use or plan to use recycled 
materials. Also, estimates of nonhazardous 
waste generation can help manufacturers 
locate recyclable materials and economic 
development agencies promote "industrial 
eco-park," "green twinning," or "by
product synergy" activities. Finally, 
estimated potential demand can provide 
information to wholesalers and other 
traders about what materials different 
industries are purchasing. 

There is a need for comprehensive 
market-based policies and incentives
such as tax credits for b_uyers and sellers 
and expansion of waste exchange activi
ties-to encourage manufacturers to 
recycle their waste and use recycled 
materials in their processes and traders to 
trade these materials. This will secure 
demand and supply and therefore stabilize 
the market. 

Notes 

1. I am grateful to the OPPR at TNRCC for 
funding this project and to the BBR for its support. 
Also, I would like to thank the research staff, 

consultants, and graduate and undergraduate 
research assistants for their work on the project. 
This article is a brief synopsis of the four-volume 
report, Market Opportunities for Recycling in Texas. 
The complete report consists of economic and 
statistical analysis, estimation of Texas manufactur
ers' potential demand for recycled materials, 
estimation of potential supply of recyclable 
materials, results ofa survey of Texas manufactur
ers, and policy recommendations. Additionally, two 
user-friendly databases on Paradox based on 
research results were constructed. 

2. The industries were selected based on their 
contribution to Gross State Product and their 
potential for using recycled materials (according to 
survey results). 

3. The model was created using IMPLAN 
(Impact Analysis for Planning) software; a database 
was created by the Minnesota IMPLAN Group 
(MIG, Inc.). 

4. These estimations, carried out for the state of 
Texas as a whole and for each of its 24 COG region~ 
and fifteen TNRCC regions, are in our report and 
compiled into Paradox V. 5.0 (Novell Company) 
databases. 

5. Also requested were the SIC codes that 
describe the firm's products, the firm 's name, 
address, phone number, number of employees, and 
sales volume. 

6. We used a "waste generation ratio model" to 
estimate the relationship between waste generated 
and economic activities of the industry by SIC code 
in one region to compute the amount of waste 
generated in another region.+ 

Use of Recycled Materials Among Texas Manufacturers 
(percentage of total survey respondents) 

Using recycled 

llDJ 4% Planning to use recycled 

19 9% Neither using 
nor planning to use 

.73% 
No response 
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Sustainable development is most often 
defined as a way "to meet the needs of 

the present without compromising the 
ability of future generations to meet their 
own neeqs." 1 Recent efforts to promote this 
environmental, economic, and social 
approach-most notably the Clinton 
Administration initiative, the President's 
Council on Sustainable Development
have focused on strategies that will illumi
nate the relationship between sustainable 
development and commercial develop
ment. One such strategy is by-product 
synergy, which promotes joint commercial 
development of one economic sector with 
a related environmental sector. In practice, 
this means the waste product of one 
industry can be used by a second industry. 2 

Also known as "green twinning," 
"industrial symbiosis," and "zero waste/ 
zero emissions/100% product emissions," 
by-product synergy emphasizes the 
cooperation among diverse industries, 
agriculture, and communities that results in 
profitable conversion of by-products and 
wastes to resources promoting 
sustainability. In 1995, the Business 
Council for Sustainable Development
Gulf of Mexico (BCSD-GM)3 received a 
grant from the U.S. Environmental 
Protection Agency to identify examples of 
and opportunities for by-product synergy 
in industry, with the goal of helping U.S. 
industry export more eco-efficient 
technology. 

The Practice of By-Product Synergy: A 
Case Study 

Chaparral Steel Company is a notewor
thy example of by-product synergy 
through zero waste/100 percent product 
steel making. This company, located in 
Midlothian, Texas, owns and operates a 
technologically advanced steel mill that 
produces bar and structural steel products 
by recycling scrap steel. Chaparral's 
production-which includes beams, 
reinforcing bars, channels, and merchant 
quality rounds-increased from 228,000 
tons in 1976 to 1.6 million tons in 1995. 

4 

Chaparral is an established user of 
recycled materials. The company's primary 
source of scrap steel is old automobiles. To 
recycle this material, an automobile 
shredder facility, the largest and most 
productive in the world, is located next to 
the mill. In 1996, the shredder transformed 
more than 700,000 tons of old cars and 
other light scrap into raw material. 

But what of the waste that results from 
the company's production process? EAF 
slag, mill scale, baghouse dust, auto 
shredder residue, nonferrous particulate, 
and spent refractories are all steel-making 
by-products. Chaparral has long sold mill 
scale to Portland cement producers to use 
as a source of iron oxide, and its success 
with this venture led the company to 
explore possibilities for recycling its other 
waste by-products. 

Recognizing that these wastes were 
candidates for by-product synergy and 
other pollution prevention measures, 
Chaparral and Texas Industries, Inc. (TXI), 
a large cement producer that owns 84 
percent of Chaparral, jointly initiated the 
"Systems and Technology for Advanced 
Recycling" (STAR) project to develop new 
synergies between the steel and cement 
manufacturing processes and the automo
bile shredding facility, all located in 
Midlothian. The goal "is to achieve zero 
waste (for 100 percent product) ... through 
better understanding of the process re
quirements and application of the innova
tive technology and sound economics."4 

In the STAR project, Chaparral has 
successfully applied the principles of by
product synergy to its EAF slag by
product. In 1993, a joint team of Chaparral 
and TXI operating, technical, and manage
ment personnel collaborated in an effort to 
use Chapparal's slag by-product as a 
resource for TXI's cement production. The . 
result was "CemStar," a patented process 
that adds slag to the cement raw material 
mix to yield larger batches of high-quality 
Type I Portland cement. This conversion 
process conserves natural resources while 
reducing energy requirements 10-15 
percent. Furthermore, the value of the slag 
is increased 20 times, relative to its road 
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construction value. By increasing produc
tion capacity 9 percent in FY1995, 
CemStar produced several million dollars 
'.lf pretax income for TXI's two cement 
plants on an investment of less than $1 
million. In addition, the CemStar process 
reduces overall carbon dioxide (C0

2
) 

production from the cement-making 
process. 

Next on the STAR project agenda: a new 
technology to achieve by-product synergy 
for the Chaparral automobile shredder 
residue. The shredder generates more than 
180,000 tons ofresidue per year. In 1990, 
Chaparral installed a sophisticated Auto
mobile Scrap Residue (ASR) cleaning 
system to reduce the amount of ASR that 
must be landfilled, and in 1996, after tests 
indicated that this ASR could be economi
cally separated into essentially pure 
elements, the company purchased exclu
sive rights to an innovative flotation 
separation technology. This capability 
means that the nonchlorinated plastics 
residue may be used as a highly efficient 
and clean fuel source, rather than 
landfilled. In addition, the separation 
process will render aluminum, magnesium, 
and other residues so clean that the com
pany hopes to attract more processing 
plants to Midlothian. 

This technology may be applied not just 
to automobile scrap but to a variety of 
waste streams from many different pro
cesses. The economic benefits are substan
tial: in the case of Chaparral, the sale of 
nonferrous metals will pay for the plant in 
less than one year, and the sale of clean 
plastics will generate revenues of up to 
$500,000 per year. Chaparral plans to 
market this capability throughout North 
and South America. 

After learning of Chaparral's success 
with by-product synergy, officials at the 
Texas Natural Resource Conservation 
Commission (TNRCC) offered to stream-

) 
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line the permitting process for the 
company's by-product synergy operations 
and help Chaparral identify potential 
applications for this technology. 

Conclusions 

The Chaparral experience provides a 
good example of the profitable conversion 
of by-products and wastes to resources. 
Such success requires creative collabora
tion between generators and consumers, 
which, in tum, can produce collaboration 
with government (as evidenced by the 
cooperation between Chaparral and the 
TNRCC). 

The promise of by-product synergy as a 
strategy for sustainable development lies in 
its ability to raise profits while reducing 
pollution. Programs such as the one 
implemented by Chaparral have been cited 
as a strategy for achieving national goals 
for sustainable development by the 
President's Council, and the principles and 
practices of by-product synergy have been 
taught and researched at universities 
around the world. 

Notes 

1. The World Commission on Environment and 
Development (The Brundtland Commission), Our 
Common Future, Oxford Press, 1987. 

2. U.S. Environmental Protection Agency, 
Initiative on Commercial Diplomacy and Sustain
able Development.: Green Twinning- 3rd Draft, 
March 1995. 

3. A nonprofit assembly of business leaders from 
the United States and Mexico, BCSD- GM was 
organized in 1993 to promote and implement cross
border, public-private partnerships that offer 
concrete, measurable ways to achieve sustainable 
development. 

4. Libor F. Rostik, "Zero Waste Electric Arc 
Furnace Steel Making" (paper presented at the 
Waste Minimization/Pollution Prevention Confer
ence, Philadelphia, Pennsylvania, June 1996).+ 
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Announcements 
The four-volume report, 

Market Opportunities for 
Recycling in Texas, by Dr. Mina 
M. Dioun, et al., may be pur
chased from the BBR for $75. 
Individual volumes, $20 each, 
include: Analysis of Manufactur
ers' Potential Demand for 
Recycled Materials (Vol. 1 ); 
Manufacturers' Demand for 
Inputs (Vol. 2); Manufacturers' 
Use of Recycled Materials (Vol. 
3); and Potential Supply of 
Recyclable Materials from 
Manufacturers (Vol. 4) . 

The 1997 Directory of Texas 
Manufacturers and its monthly 
supplement, Texas Industrial 
Expansion, may be purchased for 
$135, plus tax for Texas residents, 
and are also available in electronic 
format. To order DTM or the 
report, call toll free 1-888-212-
4DTM or fax 512-471-1063. + 
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