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12 Creating By-product Exchanges Among Companies

In this chapter we review the most familiar industrial ecology concept, one that goes under many different names: by-product exchange, by-product synergy, industrial ecosystem, industrial symbiosis, green twinning, and zero emissions network. The core of this concept is creating a system for trading material, energy, and water by-products among companies, usually within a park, neighborhood, or region. We review the benefits of participation in by-product exchanges (BPX) for industrial parks and their companies, the challenges in their development, steps in organizing exchanges, and alternative organizational forms for their management. We emphasize the importance of considering by-product exchanges in the broader context of eco-industrial development. 

One gap is important to note at the beginning. We have found it difficult to gather more than anecdotal reports of the achievements of BPX or industrial symbiosis projects. Some projects only release qualitative information and limited data on the exchanges companies have actually agreed to. Or they have only completed a planning and analysis stage and do not yet have results to report. There are many maps of hypothetical BPX networks, based upon surveys of the available by-products of companies in a project area. It appears that these opportunity maps are likely to support the next stage of deal-making required to capture the value in these now unutilized resources. However, there is a very strong need for systematic research on the results of these projects and the most effective way of organizing them. 
This chapter is based upon our own work in eco-industrial projects, a report we developed for the Philippine Board of Investments, the experience and concepts of a number of engineering and consulting firms, and resources at Cornell and Yale Universities. See the Resources section at the end for references and web sites on by-product exchange. 

12.1 Introduction to By-Product Exchange (BPX)

A by-product exchange (BPX) is a set of companies seeking to utilize each other's by-products (energy, water, and materials) rather than disposing of them as waste. The creation of BPXs has been one of the most frequently attempted strategies for applying industrial ecology. This popularity comes from the promise of companies gaining new revenues from some by-products and saving the costs of disposal of others. On the demand side, customers may gain local sources of supplies at reduced costs. Joining a BPX appears to be an easy way for a company to begin practicing efficiency of resource use and to learn other ways to improve environmental performance. 

While forming a BPX is a popular strategy, it is only one of many elements in the development of eco-industrial parks or networks. There are many other strategies for achieving higher efficiency of resource use and minimizing waste disposal. See the previous chapter on eco-industrial networks and Chapter 2. A BPX may result in opening of new local business opportunities and jobs so it is worth consideration by industrial park developers and managers. However, this option should be evaluated in the broader context of achieving the full objectives of eco-industrial development. 

Forming a BPX may or may not be feasible within any one eco-industrial park project. The companies at one site may not generate a mix of by-products with enough variety and in sufficient quantities to make many exchanges within the park cost-effective. Access to by-product resources may not prove to be a sufficient inducement to attract many businesses to locate at the park. The development or management team of an industrial park should assess the feasibility of trading by-products for the mix of tenants planned for the park or already there. If there are tenants with high volume by-product streams (materials, energy, or water) an internal exchange may work. 

A regional BPX, incorporating companies within a number of industrial parks or in an industrial region or zone, may be required to generate the volumes and variety of outputs necessary for an effective exchange. This larger and more diverse pattern of exchange will enable members to gain highest resource efficiencies. Industrial park management can explore the potential for creating a regional BPX through trade associations, chambers of commerce, and economic development or waste management agencies. A regional inventory of by-products will indicate the possible value that could be generated in this way. In this chapter we outline steps in the process for establishing feasibility and developing BPXs.  

If the stakeholders decide to move forward to develop a BPX, they may find that an exchange of outputs among existing companies may fall far short of utilizing all available by-products. To achieve optimal use of by-products, a project may require integration with an integrated resource recovery system (IRRS). An IRRS includes hauling, reuse, recycling, remanufacturing, composting, and bioenergy companies. It supports the operation of a BPX by utilizing by-products no company in the BPX needs as inputs. It may offer more cost-effective solutions than direct company exchanges in many cases. See Chapter 6 for our concept of an integrated resource recovery park.  

There are a variety of approaches for forming a BPX. The organizing body may be a government agency, trade association, public private partnership, broker, by-product utility, consulting firm, or others. In many cases, a private sector actor or public private partnership is probably the most effective organizer. A BPX is essentially an alternative form for supplying resources to companies and needs to meet the basic business requirements of industrial procurement. A by-product utility may be a strong candidate for the organizing entity for both BPX and IRRS. A venture with adequate investment and technical depth could contract with industries in a region to manage their non-product outputs, determine industrial customers for those with current markets, coordinate operation of resource recovery companies for other outputs, and responsibly discard the residues. We discuss these alternative organizational forms below. 

The exchange of by-product materials, energy, and water is not an end in itself. It is one means toward reducing resource depletion and pollution. Full eco-industrial development requires institutional support for cleaner production and the economic and social aspects of sustainable development. Cleaner production includes cutting resource input requirements and by-product outputs through more efficient process and product design, using alternative resources that are less polluting and more renewable, and cleaning up production processes to lower pollution. These initiatives can benefit local communities by strengthening their economies and providing venture and job development opportunities.

12.1.1 Kalundborg and the BPX Concept

The story of Kalundborg, an industrial by-product exchange
 in Denmark, has become the premier case illustrating the BPX concept. In the late eighties local high school children traced the network of exchanges between a coal-fired power plant, a refinery, a pharmaceutical company, a plaster board plant, a sulfuric acid plant, the town district heating system, and farmers. Plant managers were surprised to see the complex system of exchange they had created by simply striking deals, one to one, over a 20 year period. Their motivation was financial — to gain new revenues by energy or materials sales and to avoid the costs of waste disposal. By early 2001 they had reduced pollution and waste and by doing so had gained a US$160 million return on an investment of $75 million in infrastructure for conveying by-products from one plant to another. Present annual savings are $15 million. (Symbiosis Institute 2001. personal communication)They call the network an “industrial symbiosis.” See the full case study in the Appendix for details of the by-product flows.
Champions of BPXs often recommend the self-organizing method by which the companies formed this pattern of exchanges as a model of how others can do it. There are now initiatives around the world inspired by this record of success in utilizing by-products profitably. Some researchers have found other sites where by-product exchanges have developed spontaneously. A team led by Erich Schwartz at Karl-Franzens-Universitat Graz, Austria has identified a larger, more complex pattern of by-product exchange in the Austrian province of Styria, and one near Hamburg in Germany. Schwartz suggests that the pattern of inter-plant exchanges may occur often, but without self-awareness by the participating firms His group in the Institut fur Innovationsmanagement, has developed tools for analyzing inter-company resource flows and facilitating exchanges. Dr. Schwarz and his colleagues have been working with economic development agencies to enable development of regional “industrial recycling networks.” ((Schwarz and Steininger 1995, Strebel 2000)  

We will outline the typical steps such third party facilitators take with industries in the next section. Then we will explore an alternative model for achieving high utilization of industry by-products – the creation of a business that functions as a by-product utility. 

Selected BPX Projects

Japan has at least 60 Eco-Industrial Projects, primarily focused on by-product utilization and waste reduction. See our report, Eco-Industrial Development in Japan in the Appendix. 
Naroda Industrial Estate, in Gujerat, India, is a 30 km2 industrial estate with 700 companies in many different industries. The Gujerat Industrial Development Corporation is working with the estate’s industrial association to identify by-products that companies there can utilize. 

The PRIME Industrial Ecology project in Laguna and Batangas Provinces, the Philippines has evolved from a straight BPX project to an eco-industrial network exploring development of an integrated resource recovery system. (www.iephil.com) Thailand’s Industrial Estate Authority is at the beginning of a similar comprehensive eco-industrial project. 

In Taipei, Taiwan the Industrial Technology Research Institute has started an eco-industrial project with exploration of by-product exchange as a means of reducing pollution and landfill. 

Triangle Joint Council of Governments, North Carolina, USA has conducted an inventory of by-products generated in a 6 county area of North Carolina. (The web site contains many reports, tools, and forms of use to anyone developing BPXs) www.tjcog.dst.nc.us
The Alberta Heartland initiative in Canada’s province of Alberta has analyzed by-product streams in this province dominated by petrochemical industry and farming. 

In Tampico, Mexico the Business Council for Sustainable Development led a public private partnership in a project it called “by-product synergy”, beginning in 1997. The participants identified 63 potentially usable by-products in the outputs of  21 participating industries. Of those, 13 companies immediately pursued those with  immediate commercial potential.

In Namibia a beer brewery has created a BPX with neighboring companies using its biomass and water outputs. See case in Chapter 6, Agro-EIPs. 


The value of BPX for industrial park developers and managers

There are many reasons for developers of new industrial parks or managers of existing ones to consider the feasibility of developing a by-product exchange (BPX) within their park or in their region. They want their sites to have advantages for tenants that support recruitment and retention. If their tenants can operate more efficiently and reduce their environmental burdens, they will protect the investment in developing the property. The park and its tenants are responsible for managing solid and liquid wastes from production, at significant cost and subject to regulation. Reducing these costs and risks will benefit the industrial park management and the companies it serves. When an EIP has recruited a major anchor tenant with large by-product streams, other tenants may be attracted by the availability of its energy, materials, or water as supplies to their operations. 

So we encourage developers to explore how this strategy can fit into their broader recruitment and management process. There are several different approaches to organizing BPXs: 

· An eco-industrial park (of sufficient scale) initiates a BPX planning process internally;

· A major tenant takes the lead because it has major by-product outputs and disposal costs;

· A third-party firm contracts to develop the trading of by-products or to act as a by-product utility;

· Tenants of an individual EIP participate in a regional program for by-product utilization;

· A government agency may be the initiator

· A by-product utility manages all formerly discarded outputs for its clients and assumes the responsibility of finding the markets and uses for them.

Some cases suggest that a BPX may be most effective if it includes companies across a broader region, perhaps those in several industrial parks and independents. So a by-product exchange may start out as a regional initiative with any individual eco-industrial park one of many players. We describe methods and principles in this chapter which are being used at these different levels of BPX. 

As an EIP developer or manager you may implement a by-product utilization strategy yourself or you may recruit a private company, trade association, or government agency to take on the task. Remember, an eco-industrial park is much more than a network of companies engaging in the exchange of by-products. You will gain value from this strategy, if you choose to adopt it, but there are also many other strategies for increasing the competitiveness through the environmental, social, and economic design of your development. 

Guidelines for forming a by-product exchange 

We will outline the typical steps BPX organizing projects take with industries in the next section. Then we will explore an alternative model for achieving high utilization of industry by-products – the creation of a business that functions as a by-product utility. 

Guidelines for forming a by-product exchange

Mobilize and organize support 

Whenever possible identify a respected business leader to act as project champion.

Create awareness of the business, economic, social, and environmental benefits of by-product exchange among stakeholders. 

Recruit public sector partners to provide technical and financial assistance, incentives, and regulatory support. 

Identify the business entity to manage development of the BPX, whenever possible. 

Evaluate the BPX utility model as an alternative to this process. 

Enable development of self-organizing teams within the network. 

Planning and analysis 

Characterize the flows of energy, water, and materials in the target region. Highlight and map existing exchanges of by-products. 

Provide training, tools, and support for the development process and data gathering and analysis.  

Gather data on resource flows of companies that have committed to the BPX.

Identify potential barriers in regulations, business practices, and environmental management that need to be overcome. Develop strategies for doing so.

Identify companies which could process selected materials, provide collection services for specific by-products, or otherwise support the operation of the BPX. 

Develop a strategic plan for expanding from BPX to a full eco-industrial network.

Enable business transactions for by-product utilization 

Develop alternative means for companies to begin making deals to trade specific by-products. 

Provide further support as needed.

Monitoring and communications 

Create a map (GIS) of the network of exchanges and opportunities for exchange. 

Set performance measures and targets. 

Create an internal system for giving feedback on what is being achieved to the immediate participants. 

Create an outreach program.



These guidelines are a framework for learning and improvisation, not a rigid formula. They are based upon what we have learned from BPX projects in both developed and developing countries. You may find yourself moving back and forth between the different tasks as they are not necessarily a linear sequence.

12.2.1 Mobilize and organize support 

Whenever possible identify a respected business leader to act as project champion.

An important early action is recruitment of a respected business person to champion the development of by-product exchanges. Ideally this person will have direct experience of turning his company's wastes into value adding by-products. With this encouragement, potential participants are more willing to invest their time and resources. The many businesses that have demonstrated the value of trading formerly wasted materials provide candidates for the champion role.  

Create awareness of the business, economic, social, and environmental benefits of by-product exchange. 

Awareness raising can take many forms: talks before business and trade associations, workshops and seminars, newspaper and magazine articles, and circulation of web site addresses reporting successes in by-product management. Project communications should integrate the concept of by-product exchange with other strategies for efficient use of resources, design for environment, prevention of pollution, and reduction of wastes in every stage of the product lifecycle. 

Increasing efficiency of resource utilization and revenues from marketing by-products contribute to the profitability of companies. Chaparral Steel demonstrated this by gaining enhanced sales, reduced waste management costs and environmental liabilities, and enhanced profitability from new lines of business. (See cases at end of this chapter.) This business advantage also improves environmental and social performance so it naturally captures the attention of competitive business people. To reinforce the fact that this idea delivers value, participating firms should usually pay a fee toward the development costs for a by-product exchange.

Recruit public sector partners to provide technical and financial assistance, incentives, or regulatory support. Include universities and technical colleges.

Economic development, environmental, and waste management agencies have a self-interest in a more resource efficient economy and are natural allies in the formation of a BPX. They may be able to provide financial or in-kind support for the organizing activity and assist communications. University engineering, business and environmental science departments may be able to support data collection and processing. If so, remember the importance of keeping individual company data secret. 

Identify the business entity to manage development of the BPX. 

One of the most successful BPXs is the one Chaparral Steel formed with the support of Hatch Engineering. Here the steel company decided to recapture value from all possible by-products because of the strong bottom line benefits it would gain. Chaparral was the project champion and lead partner and the engineering firm did the technical and financial work. This project had a driving force much stronger than that generated by a public agency coming to companies with a "new idea". 

We recommend that as early as possible the lead in BPX projects be assumed by a business entity, with public sector players continuing to offer support as required. There are several forms this can take.

· Industrial park management/ownership may be interested in filling the park with viable tenants and retaining them. 

· A major anchor firm may benefit from exchanging materials or energy by-product streams that are not utilized and costly to dispose of. 

· A consulting firm can manage the whole by-product flow and earn fees and/or commissions. (investment recovery)

· A by-product utility could outsource procurement of selected supplies and management of discards for locators at the park.

The industrial park management/ownership is interested in filling the park with viable tenants who will stay. Increasing their resource efficiency and lowering their disposal costs will improve their business performance and promote retention of them. Possibly new companies will be attracted by these benefits. If the park has its own landfill and water treatment plant, reducing wastes and pollution will help preserve the value and capacity of these assets. 

An anchor company may become the organizing force for a BPX in order to deal with its own large materials or energy by-product streams. Chaparral Steel in Texas has essentially broadened its business identity to become a materials processor at the hub of one of the most successful BPXs. A firm with large enough by-product generation may be willing to take the business lead in development of a BPX that utilizes its discards and at the same time generates new revenues for it. Iscor Steel in South Africa actually created a subsidiary, Suprachem, with the mission of finding highest value reuse of all unutilized products. (See this case at the end of this chapter.)
A consulting and engineering firm that manages the whole by-product flow for a park, across several parks, or in a region would earn fees and/or commissions. A new field of management, investment recovery, takes a very systemic approach to ending waste. This is an integrated business that identifies non-productive assets generated in the normal course of business and seeks means of redeployment, recycling or remarketing them. These assets may include:

· Waste stream and process by-products;

· Excess raw materials, operating inventories and supplies;

· Off-grade, out of specification or discontinued products;

· Construction project residues;

· Idle, obsolete, unused or inoperable equipment, machinery and facilities;

· Machinery, equipment and fixtures in facilities scheduled for demolition.

Investment recovery firms develop strategies and procedures to recapture highest value from all surplus assets in a company or a region. They seek ways to reduce operating and disposal costs, ways of preventing the waste, and markets for redistributing the by-products for increased economic value. Phillips Petroleum, BASF-US, and MCI Telecommunications are among the companies that have adopted this approach. (Phillips) 

An investment recovery firm could integrate the above functions into a comprehensive strategy for an industrial park or for an industrial region. If the firm's fees were based on a retainer plus percent of savings and/or revenues it would have an incentive for supporting this holistic approach.

An investment recovery firm could also negotiate technical assistance from universities, federal labs, and environmental pollution prevention and energy efficiency programs. With client companies it would target unutilized supplies that need this research input in order to be marketable. It could also recruit the right providers. 

Evaluate the BPX utility model as an alternative to this process. 

A utility or resource logistics management firm could manage all by-products generated by companies, including actual wastes, and procurement of by-products at an industrial park or in an industrial region. There are some limited examples of this business model that suggest it may be a viable alternative to the usually recommended process for creating BPXs. However, it will require a strong entrepreneur to assume leadership and a significant investment.  Since this is such a contrasting model we will discuss it in detail after completing this discussion of the more self-organizing process. 

Enable development of self-organizing teams within a pilot site location.  

Kalundborg's by-product exchange evolved spontaneously as a series of bilateral deals driven in part by regulatory demands, not as a planned system. Environmental regulations made it economically sound to turn some major wastes into products and exchange them locally. Pairs of companies organized themselves into an elegant system of exchange, with market values defining their new relationships. They estimate that so far, the costs of the infrastructure for the exchanges have been repaid twice over.

The transactions between partners in a by-product exchange requires a trust building process. Just knowing a resource or user is technically available may not be enough to generate action. Knowledge may need reinforcement through easy social access. At some sites the meetings of an industrial park locator association may be the right venue. Special workshops dedicated to identifying matches and getting acquainted may be a useful forum. Find the right means of setting the stage for partners to negotiate on the financial, technical, and environmental issues involved in their one-to-one deals.

This ability of businesses to self-organize to achieve goals may be the foundation for success in creating a BPX. The government agencies and the business that supports their effort (as discussed in 1.4.) must remember they are enablers and the primary action is with the participating plants. Help the locator plant managers and their teams set goals and identify their most troublesome by-products. Then let them take the lead in designing the processes for finding uses and customers for them.

12.1.2 Planning and analysis 

Characterize the flows of energy, water, and materials in the target region. Highlight and map existing exchanges of by-products. 

This task is for larger BPX projects committed to development of a resource recovery system and with strong public sector support. 

The project team can use an industrial metabolism study to gather data on major energy, material, and water flows in the target region, whether it be an industrial park, a number of parks, or a more widespread industrial region. The outcome of this study is an inventory of by-products that are presently exchanged, major discards that could be exchanged, and an assessment of environmental burdens of landfills, incinerators, and possible open dumping. It also indicates high priority points of intervention in the broader system, useful in environmental regional planning and business development. 

This study may be conducted by university researchers, or engineering companies. It should begin with a very broad analysis to build a qualitative model of flows in the region and then quantify specific streams that offer good opportunities for by-product trading and pollution reduction. In some cases it may focus on specific high risk substances, such as greenhouse gases, chlorinated substances, or heavy metals. Some of the classes of data to be gathered include: 

· Percentages and tons of municipal landfill waste by type of material;

· Characteristics of waste from specific sectors: residential, industrial , commercial, and institutional;

· Materials listed by companies in local or state waste exchanges;

· Types and amounts of materials collected in recycling programs;

· Major emissions of waste heat;

· Sites and amounts of wastewater discharges;

· Types of industries by SIC code; and

· Industrial input/output data.

Your community or region can create economic development strategies through analysis of opportunities emerging from this data. This would include setting community targets for reducing wastes; and developing policies and programs that offer incentives and training to local business and citizens. The primary outcome would be an economic development plan emphasizing generation of new businesses that turn former major wastes into feedstocks for other companies or directly into products. 

See the discussion of industrial metabolism in the Appendix. 
Provide training, tools, and support to the development process and data gathering and analysis.  

Once data has been gathered and processed, possible BPX companies will need support as they consider the value of trading by-products. Conferences enable firms to explore potential exchanges, while learning about other environmental performance strategies like waste reduction, pollution prevention, and energy efficiency. This will also allow company personnel to test the idea of collaborating with neighboring plants. The conference might include a session in which participants role play firms in an operating BPX‑testing the feasibility of exchanges, dealing with possible breakdowns, and creating strategies for recovery from them.

A potentially valuable tool for the recruiting team and prospective tenants is an evolving computer model of the exchange network, supported by materials and energy data bases. This enables simulation of process interactions within the potential network of companies, step-by-step. The linked DIET and FAST programs created by the US-EPA are two examples that are available (see discussion below.). However, a recruiting team should not depend too heavily on this sort of computer simulation. Personal interactions are vital to building the trust and business relationships that are the foundation of an exchange network. Project meetings should support this creation of trust. 

Gather data on resource flows of companies that have committed to the BPX. (Create a strong firewall around the data collected to insure companies confidentiality.)  

Potential participants in a BPX may begin with a relatively simple data collection process and then deepen the level of data as needed. (See plant survey form in Appendix.) This makes the first steps easier to take and indicates the broad opportunities available. Possibly the more detailed level of data is relevant only to the companies actually seeking to transact a deal around a specific exchange. The PRIME IE project in the Philippines enlisted the environmental managers in industrial parks and companies to conduct the surveys and build the database. This helped assure tenants that their trade secrets would not be revealed. Several projects in North America have used engineering and consulting firms to gather and analyze data.

Some regional exchanges, such as the North Carolina Triangle Joint Council effort, have started by requesting a much more detailed data set from businesses and entering it into a database linked to a geographical information system. When this system is in operation companies will be able to search the input and output needs of other companies by location. 

Companies often look at data collection on their inputs and outputs as a potential threat. Competitors may use it to learn about proprietary processes. Regulators may use it to impose penalties for non-compliance. For these reasons the data gathering process should be coded to insure no surprise disclosures. Pilot site environmental managers, a trade association, or an environmental engineering firm. 

Identify potential barriers in regulations, business practices, and environmental management that need to be overcome. Develop strategies for doing so.

Environmental regulations were designed to reduce risks to humans and ecosystems. Corporate environmental management and production practices developed to meet the regulations. The goal of resource efficiency is a relatively late add-on and in some cases conflicts with the earlier regulations. So the exchange of by-products may require some creative adaptation of policy frameworks and specific regulations. Some of the areas for innovation include: 

· What changes (or special permits) in water, waste water and solid waste regulations and ordinances will you need to permit by-product exchanges or shared treatment facilities in the park? 

· Will you need changes in current zoning to allow the mix of industries needed for such exchanges?

· Will regulatory agencies enable innovations in environmental management like site-wide or umbrella permitting to establish the whole park as the regulated entity? 

· If you are in an export zone, how does this impact trading of by-products within your region?

· What are the implications of companies outsourcing some environmental management functions to park management or third parties? 

See Chapter 7 for more detailed discussion of policy, regulations, and environmental management systems.

Identify companies which could process selected materials, provide collection services for specific by-products, or otherwise support the operation of the BPX. 

Many facets of industrial park and BPX operation open specific opportunities for developing new businesses or attracting firms that would support the functioning of a materials and energy exchange. An industrial park with space may target this sector or, if the need is large enough, there may be an opportunity to develop an integrated resource recovery park. Business niches in resource recovery include: 

· Firms practicing resource recovery, recycling, and reuse.

· Niche collection and hauling firms.

· Remanufacturing plants.

· Environmental monitoring and information firms.

(See Chapter 6 where we summarize the model for a Resource Recovery EIP.)

Resource recovery firms include companies that consume otherwise unusable discards, processing them into usable feedstocks and companies that take apart equipment and market re-usable components and materials. Some utilize recovery technologies that allow extraction of valuable materials from waste streams (i.e., extracting metals from liquid or solid wastes); and recycling technologies that prepare a byproduct for reuse (i.e., shredding plastics). These processor companies play a useful intermediate role and are especially important where they accumulate small flows of residues from companies and generate economically useful masses. A solvent re-refiner is one example of such a processor. 

By incubating or recruiting firms in this category, an industrial park may better fulfill the goal of becoming a closed-loop system, optimizing the reuse and recycling of surplus products or materials. It also gains locators valuable to its other companies.

Niche collection firms are important to keep materials separated and to preserve their quality. They may also help accumulate sufficient volumes of particular by-products when they operate throughout an industrial region. Such a firm might specialize in industrial solvents, wooden and plastic pallets, or compostable discards.
Remanufacturing firms offer potentially strong domestic trade and export opportunities for well-situated industrial parks. An environmental objective is served by extending the life of products (and the energy and materials invested in them). If the rehabilitation process includes upgrades for energy efficiency, process control, and pollution prevention, the resulting products demonstrate environmental and economic benefits beyond extending the products’ life. 

Environmental monitoring and information systems: A company could assume the role of independent auditor of environmental performance and provide feedback to individual companies, park management, and the community. This firm would operate and maintain monitoring systems and an information system linking all companies. It could also provide third party reporting that is required in many voluntary programs. 

The PRIME Project in the Philippines is evaluating the feasibility of creating an environmental business incubator that could support such new or expanding businesses. The organization could become a locator in one of the industrial estates. This project is also doing a feasibility study for a resource recovery park. See chapter 4 for further discussion of business incubators.
Develop a strategic plan for expanding from BPX to a full eco-industrial network.

The companies in an industrial park, the park management, and the business managing the BPX process can all benefit from applying other methods for improving efficiency of resource use. They can improve both financial and environmental performance by using Cleaner Production tools like design for environment (DFE), pollution prevention (P2), and energy efficiency (E2). The project should include a training program and open access to consultants or university personnel who can support adoption of these practices. 

DFE, for instance, enables designers of either products or production processes to view the whole range of options for all potential environmental implications of a product or process being designed--energy and materials used, manufacture and packaging; transportation; consumer use, reuse or recycling; and disposal. DFE enables designers to balance environmental choices with traditional design issues of cost, quality, manufacturing process, and efficiency as part of the same decision system.

DFE tools enable consideration of the implications of design choices at every step of the production process from chemical design, process engineering, procurement practices, and end-product specification to post-use recycling or disposal. 

The right design choices at the beginning of creating a product or a production process may eliminate wastes at each step in the cycle, and thereby reduce the need for exchanging many by-products. See Chapter 11 for discussion of the eco-industrial network.
12.1.3 Enable business transactions for by-product utilization 

Develop alternative means for companies to begin making deals to trade specific by-products. 

Once company managers are aware of the opportunities to cut costs and possibly gain new income through exchange of by-products, they may start negotiating with potential trading partners without need for any encouragement. However, workshop meetings, a private BPX web site, and publications may be required to open a more active network of exchanges. The business entity managing the development process can work with public sector partners to be sure that a number of different channels are open, which we describe in the next section. 

BPX projects in India, Canada, and Mexico have created working groups focused on specific resources that the data indicate have major potential for exchange. The Naroda Industrial Estate in Gujerat, for instance, set up teams to evaluate recyling of spent acid, chemical gypsum, chemical iron sludge, and biodegradable waste. (Wilderer 2000, Applied Sustainability 2000)

Provide further support as needed. 

Pairs of by-product partners may need technical support or investment to make a particular trade work. The supplier may require process redesign to assure the level of quality required by the consumer. One or both partners may need to construct infrastructure for conveying or storing the by-product, such as pipelines or conveyor belts. These investments may require external sources. The BPX team may be able to attract funds for these purposes dedicated to improving environmental performance of industry, particularly for reducing greenhouse gas emissions. 

The partners are basically just creating a new supplier-customer relationship and they both know how to guarantee quality and reliability of supplies. Most deals will require little external support. 

12.1.4 Monitoring and communications 

Create a map (GIS) of the network of exchanges and opportunities for exchange. 

The North Carolina regional BPX project is connecting its data base of industrial and municipal by-products into a geographical information system (GIS). This allows mapping the by-product data and company locations against any other relevant data sets such as transportation systems and resource recovery locations. The GIS helps participants evaluate the logistics of possible exchanges. (TJCOG 1999)

Set performance measures and targets. 

While a BPX is essentially a network of one-to-one transactions, its members can benefit from monitoring their individual and collective performance against goals for continuous improvement. Since the fundamental goal is increasing efficiency of resource use, these metrics become valuable business performance tools. The feedback on cost savings helps maintain motivation so the metrics should clearly indicate the financial impacts of these basic patterns of resource use. 

Several possible measures enable BPX members to monitor their progress in achieving the standards they set. 

· Ratio of virgin to recycled materials (including water);

· Ratio of actual recycled materials to potential;

· Ratio of renewable to fossil fuel sources;

· Ratio of polluting substances to benign substances;

· Materials productivity - economic output per unit of material input; 

· Energy productivity — economic output per unit of energy input (calculate the energy waste ratio also);

· Resource input per unit of end-user service —assessment of resource use against the useful function gained and maintained for the end-user (Lowe 1997)

Monitoring socio-economic indicators, such as new businesses and jobs created, will help convey the value of the project to the community. 

Create an internal system for giving feedback on what is being achieved to the immediate participants. 

A BPX newsletter, a web site open only to BPX participants, regular meetings and roundtables are a few of the ways of sharing news within the membership. The Philippine PRIME Project web site is a good example of both internal and public outreach. www.iephil.com.  Peer pressure and peer support help participants use such feedback to improve their performance. In the US, public released data such as the toxic release inventory has often created competition among companies to better their scores.
 

Create a public outreach program.

Training seminars in BPX development, tours of the site, a public web site, radio and tv programs, newspaper articles, and talks at meetings of service clubs and trade associations are a few of the obvious channels for communicating the project's achievements to the world. Perhaps a local university could develop a course on BPX development for industrial park managers and entrepreneurs interested in creating enterprises to establish BPXs.

A Valuable Resource on By-Product Utilization

In the late 1970s, Nelson Nemerow, a chemical engineer, started to recommend creating complexes of companies using each other's "wastes" as feedstocks. His phrase for this is "Environmentally Balanced Industrial Complex (EBIC)." (Nemerow 1995) His book, Zero Pollution for Industry: Waste Minimization Through Industrial Complexes, is a very valuable resource for anyone developing by-product exchange networks 

After summarizing issues of waste reduction and reuse within a plant, Nemerow describes 10 possible environmentally balanced industrial complexes (EBIC) involving 16 different industries. Like current BPX projects, an EBIC is a co-located materials and energy exchange network. He analyzes the way these potential complexes of plants can become mini-"foodwebs", reducing pollution/waste generation. For instance, four of his complexes focus on connecting fossil fuel power plants to consumers of waste heat and material by-products (the pattern of the Kalundborg industrial symbiosis). Here the partners include cement and cement block, lime, and agricultural facilities. (Nemerow does not account for the CO2 emissions or the residual emissions from the scrubber and other treatments.) 

Several complexes are biomass waste intensive as with a sugar plant directly linked to an alcohol fermenter, internal power plant, and an agricultural area. Others involve a tannery, an animal feedlot, and wood mill complexes. Nemerow’s conceptual examples illustrate how industries can benefit from jointly redefining wastes as by-products and thereby maximize resource use and minimize pollution. However, a major limitation is that his strategic thinking is primarily focused on technical process compatibility and ignores the many economic, financial, management, social, and institutional elements that are necessary conditions for a successful multi-company project. Forming an industrial complex or ecosystem requires coordination of diverse stakeholders  and these non-technical elements must be addressed in the early stage of development. 

Nevertheless, the book is a very useful guide for anyone creating BPXs or industrial estates with anchor tenants producing large volumes of by-products.. Nemerow's formulation of strategy and the diverse examples he gives will stimulate creative responses in teams designing such projects. (based upon Lowe and Hovarongkura 1997)



12.2 BPX Case Experience

So far there has been little rigorous research on the achievements of by-product exchange projects. The literature tends to be dominated by champions of the concept rather than systematic evaluators of the results. It is an appealing concept because it promises to improve the financial performance of participants by improving the efficiency of their use of resources. This integration of business and environmental goals has attracted many companies and other stakeholders to participate in dozens of projects on every continent. However, it is still too early to prove that the concept works in practice or to say which development strategy is the most effective one.  (Chertow 2000)

We do know that in many cases by-product utilization on a one-to-one basis works. There is an abundance of data on bilateral trades of materials, water, or energy that are at least cost-effective and often profitable. (See a representative listing of such company-to-company deals in the Appendix.) In some industries there has been a long tradition of internal and inter-company by-product utilization. Petrochemical refineries and downstream companies normally seek profitable uses for every output. (See discussion of the petrochemical EIP in chapter 6.) Many food processing plants also have found profitable uses for their discards. (Desrochers 2000) Finding higher value uses for by-products may be the main value such industries would gain from participation in a BPX. Or they may expand the number and types used. 

Many projects to create BPXs have been successful in enlisting industrial and public sector participation in identifying potential exchanges. This survey and analysis process has successfully identified many opportunities in Asian, North American, European, and African projects. There appears to be no inherent barrier to this phase of forming exchange networks. At this point, however, relatively few projects have completed the process to the point where a significant number of trade deals have been made. Many of the deals that companies have struck are one time rather than continuing exchanges. 

Projects in Tampico, Mexico, Nova Scotia, Canada, the Province of Styria, Austria and near Hamburg, Germany have released data on the volumes of material and water that are being exchanged among companies. However, so far only Kalundborg, Denmark has provided data on the investment in infrastructure required and the return. “The latest "back-of-the-envelope" numbers from Kalundborg are: US$160 Million in total savings to date, $15 Million in annual savings (today), as return on total investments of $75 Million.” (Symbiosis Institute 2001. personal communication).

Asian projects in the Philippines and Thailand are embedding BPX development in more comprehensive eco-industrial networks. In the US the Long Island City Business Development Corporation is expanding by-product exchange to an EIN. We have discussed these initiatives in the previous chapter and the Appendix.

Some eco-industrial park projects have used the BPX strategy to guide recruitment targeting, including ones in Arecibo, Puerto Rico, Burlington, Vermont, and Londonderry, New Hampshire. This appears to work best where there is a large anchor tenant with major by-product resources available. These three examples are all centered on energy generation plants. The project in Puerto Rico has analyzed the exchange of value as well as by-products between a proposed waste-to-energy plant, a recycled paper mill, a tire shredding plant, a steel mini-mill, and a neighboring sewage treatment plant. This financial analysis by Recovery Solutions demonstrates that the profits of all firms would be enhanced by this BPX within an EIP. (See this case in the Appendix.)

Japan has launched the most ambitious attempt to develop industrial BPXs and more widespread initiatives to reduce waste. National and local governments are motivated to do this by lack of space for additional landfill, the pollution of conventional incineration, and the country’s continuing search for higher efficiency in its production. We include in the Appendix a major study of these efforts conducted by Indigo Development. 

Waste Exchanges

Waste or materials exchanges are related to BPXs in a very general way. It appears that they are much weaker strategies to attain higher efficiency of resource use in a comprehensive way. Researchers at Rutgers University (Andrews & Mauer 2000) conducted an exploratory survey of U.S. materials (or waste) exchanges, with sixty-three respondents. They found that:

· Few exchanges handle hazardous materials; 

· Most focus on pre-consumer items such as building materials or post-consumer durable goods such as appliances;

· Non-profit organizations and state/local government agencies are the most frequent operators; 

· There are three implementation strategies: passive listers of materials, active brokers who become involved in each transaction, and operators of warehouses for storage and display of materials and products; 

· Warehouse operations are the most frequent form of exchange; and 

· The adoption of Internet technology is improving their viability. 

12.3 Potential Issues Concerning Creation of a BPX

In industrial ecology and cleaner production, increasing efficiency of resource use at every stage of production is a higher order priority than utilizing by-products at the end of the cycle. Effective design upstream will reduce and in some cases eliminate by-products. This suggests that BPX efforts should be started in a full eco-industrial network context and partners to exchanges should expect changes that may eliminate the outputs they trade. 

While participation in a by-product exchange may offer significant revenues and/or cost savings, such activity is still seen by most plant managers as quite separate from producing their primary products. “Waste” management is usually buried in overhead budgets and the staff responsibility is solely to dispose of wastes in a cost-effective manner within regulatory constraints. When a company’s by-products are produced in relatively low volume their standard disposal is viewed as financially insignificant. Even with substantial volumes of by-products, the transaction costs involved in seeking markets may grow too high to continue. One of these costs is the risk that regulations may make the supplier of a by-product liable for damages generated by a customer.

Douglas Holmes, a co-author of our original EIP Handbook, suggests an ideal solution would be, to give every unmarketed by-product a product number and a line in the operations budget. It would show up in the books as a separate production and disposal cost rather than being assigned to overhead. A manager of by-product operations would then be responsible to either find markets or to redesign processes to eliminate by-products without value. 

The manager of the Northern Industrial Estate in Thailand indicated a potential obstacle to utilization of by-products is location of companies in export zones. Regulations do not allow these companies to supply any local companies outside of the zone. 

While there are strategies for dealing with these issues, an alternative business model may be required to develop the highest utilization of by-products. 

The BPX utility business model 

In some projects to create by-product exchanges potential participants have been wary because of the multiple contracts required. These generate transaction costs, which can offset savings or revenues from use of by-product energy or materials. Companies fear entering into so many new relationships around issues separate from their core businesses. These issues have prompted us and other’s involved in eco-industrial planning to formulate an alternative business model, in which a by-product utility takes responsibility. (Slone and Cohen-Rosenthal 2000 personal communications) 

Possible transaction costs of participation in a BPX include

· Time in BPX planning, data reporting, collection and processing, dealing with regulators, and negotiating deals;

· Perception of increased technical, legal, or business risk not present in straight disposal;

· Process changes to yield by-product in form and at quality required;

· Transportation;

· Construction of infrastructure.

A possible means of reducing such transaction costs and streamlining utilization of by-products is to create a by-product utility in an industrial park or region. This might operate as a business within the management structure of an industrial park or as a stand-alone business that creates a profit-sharing relationship with park management. In its fullest form, this utility could manage energy, water, and materials procurement and disposal for all client companies. Its advantage lies in the capability and experience concentrated on by-product utilization. By making this the core business, the utility can handle the technical, business, and economic issues of by-product utilization. It also becomes a force in the political economy supporting regulations and land fill fees that discourage wasting and increase the value of by-products. 

The utility would be responsible for creating an optimal price structure for firms, at the level of quality they require. In negotiating prices with clients it would balance reuse of by-products, avoidance of disposal costs, acquisition of external supplies, and on-site and local generation of energy from renewable sources. It could own and maintain infrastructure required for movement, processing, and storage of energy, water, or materials. 

The utility would negotiate contracts with each BPX company, offering significant reductions in their transaction costs and other overhead for supply and disposal management. In some cases it could go beyond supplying by-products to outsourcing procurement of chemicals and other commonly used production inputs as well as office supplies and equipment. 

The business model for the utility would balance revenues from procurement of external supplies, sales of by-products, services to enhance efficiency of client resource use, and possibly sales of locally generated renewable energy. Services to improve the energy, water, and materials efficiency of its clients will be a major profit center. The utility could negotiate to share in client cost savings from greater resource efficiency to insure that it will not be forced to maximize throughput to boost profits. 

The utility would phase its infrastructure investments to avoid large sunk costs requiring continued production of by-products whose quantity can be reduced through tenant facility, process, and equipment redesign. (Newer modular systems for water processing, energy generation, hazardous materials management, etc. will support this phasing of capital investment.)

Existing Firms Embody Aspects of the Utility Concept

There are partial precedents for a by-product utility. Several firms reflect aspects of this business concept. 

· Suprachem is a wholly owned subsidiary of the major South African steel company Iscor, responsible for managing all company by-products. This internal resource recovery company researches new uses and means of generating higher value from familiar by-products; operates reprocessing plants; and markets all of the reclaimed materials. 

· SafetyKleen is a familiar US-based international company that manages the full lifecycle of selected chemicals, particularly solvents, for many companies. It also collects used oil from clients for re-refining. 

· In 1997 Strategic Chemical Management Group successfully sold the outsourcing of chemical procurement to major power utilities in the US, including Southern California Edison and Florida Light and Power. Previously these companies had dealt with up to 5000 suppliers. Its initial vision included eventually handling all aspects of chemical management, including waste prevention, pollution prevention, and end-of-life recycling, reuse, or disposal. Radian International is also providing similar chemical management services. 

This business model for comprehensive resource management is still relatively new, but it suggests that the BPX utility we have outlined could play a role in  industrial parks or eco-industrial networks.   

We encourage eco-industrial networks and BPX projects to explore the feasibility of creating such a by-product utility. Are there industrial park developers or entrepreneurs who could manage such a business start-up? Does the local pattern of industrial development and available by-products provide the foundation required to write an effective business plan? Could such a utility increase its business by linking to development of a resource recovery park? Are there sources of capital willing to invest, possibly including some major providers of large by-product streams, such as power plants? 

12.4 Software for BPX

Software supporting an analytical approach to creating BPXs is available for testing. Data is collected from individual companies and assembled in a database. Various mathematical programming techniques are then used to identify and optimize possible trades of by-products. In some tools a portion of the database includes generic data on a broad range of industries that are not present in the community. By matching residual by-products from businesses in your community with the generic database, the model can be used to identify the types of businesses that can be targeted to expand the local by-product exchange. Public agencies may encounter some resistance in industry to disclosing proprietary information. An industrial association might be a stronger agent for leading this sort of effort. 

The following examples provide a flavor of the types of analytical tools that are under development.

The DIET Model 

The "Developing Industrial Ecosystems Tool", or DIET is a decision support tool to help urban planners, developers and community groups identify the optimum mix of industries (and their plant size) for a specific industrial resource exchange site. Industrial Economics, Inc. is developing DIET on contract to US-EPA. DIET, has the following attributes:

Planners can consider objectives, with weights assigned by the planner to: economic output, number of jobs, and environmental gains.

Results generated by the DIET model include:

· Waste generation per unit of activity;

· Size and revenue per unit of activity; 

· Opportunities for waste exchange;

· Waste generation at each facility.

DIET includes a database of generic data profiles for a set of representative facilities to assist users where facility information is not known or is difficult to obtain.

Future versions of DIET will integrate the model with Geographic Information Systems (GIS) software and data to:

· Map the surrounding environmental landscape;

· Account for transportation modes with access to the eco-park;

· Test various methods for using GIS to guide eco-park planning. (Giannini-Spohn 1999)

Bechtel Corporation 

Bechtel Corporation has developed a planning model that links a linear programming analysis capability to an industry database that identifies company input and output streams, production processes, disposal costs and utility requirements. The model defines multiple possible materials exchange links to allow potential trading partners to be identified. By incorporating both data from actual businesses in a specific community and generic industry-based data the model can be used to identify existing exchange potential and recruitment targets to expand the industrial recycling network. The Business Council for Sustainable Development – Gulf of Mexico and its spinoff, Applied Sustainability, have used Bechtel’s model in a number of their by-product synergy projects. (Applied Sustainability 2000)

12.5 Resources & references

There is a very large body of literature on the many variants of by-product exchange. We will include here key references and web sites we have drawn upon and we continue to update links on our own web site, www.indigodev.com/Links.html 
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� Some proponents call Kalundborg “the first eco-industrial park,” however it is not an industrial park at all. It is more accurate to term it a regional by-product exchange including a number of companies and the municipality.


� In Japan the Ministry of International Trade and Industry and the Environment Agency have created a parallel toxic inventory and reporting system known as the Pollutant Release and Transfer Register system. 
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