Eco-Industrial Park Handbook

Introduction


1 Introduction to Eco-Industrial Parks

1.1 Applied Common Sense and Whole Systems Thinking

The developers of eco-industrial parks are applying previously tested concepts and practices in an innovative whole system. You can find the separate components of the EIP vision working effectively in industry today. In some cases (i.e., energy efficiency in new process, equipment, and plant design) their obvious contribution to competitive advantage is defining these “new” approaches as best business practices. Many of these tested ideas are simply applied common sense: “Why pay money to produce a product you can’t sell, call it a waste, and pay someone to dispose of it?” 
“Why not use the energy of the sun and wind when you locate a building and design its heating and cooling systems?” 

The real innovation in creating eco-industrial parks is bringing such ideas together in a whole system. If you integrate as many of these well-tested individual strategies as possible into your initial EIP vision, your team may achieve results beyond the “reasonable” expectations of a piecemeal approach. For instance, including renewable energy sources in your site’s infrastructure can guarantee reliable and clean power for industries that experience large losses when outages occur. This becomes a valuable recruitment incentive. One such source, biogas energy, may provide a market for a food processing company’s discards. 

With this integrative approach, each addition to the system adds to the value of the other elements in your design. Potential investors will see that your standard feasibility studies show the project passes their conventional tests. You will not need to convince them of the environmental or social values of the project when they can see it qualifies as a real estate investment. 

1.2 Defining Eco-Industrial Parks

An eco-industrial park or estate is a community of manufacturing and service businesses located together on a common property. Member businesses seek enhanced environmental, economic, and social performance through collaboration in managing environmental and resource issues. By working together, the community of businesses seeks a collective benefit that is greater than the sum of individual benefits each company would realize by only optimizing its individual performance.  

The goal of an EIP is to improve the economic performance of the participating companies while minimizing their environmental impacts. Components of this approach include green design of park infrastructure and plants (new or retrofitted); cleaner production, pollution prevention; energy efficiency; and inter-company partnering. An EIP also seeks benefits for neighboring communities to assure that the net impact of its development is positive. 

Some developers and communities have used the term EIP in a relatively loose fashion. To be a real eco-industrial park a development must be more than:  

· A single by-product exchange or network of exchanges; 

· A recycling business cluster;

· A collection of environmental technology companies;

· A collection of companies making “green” products;

· An industrial park designed around a single environmental theme (i.e., a solar energy driven park);

· A park with environmentally friendly infrastructure or construction; or

· A mixed-use development (industrial, commercial, and residential).

Although many of these concepts may be included within an eco-industrial park, the vision for a fully developed EIP needs to be more comprehensive. In Chapter 6 we propose several themes for recruitment, including renewable energy and resource recovery. However, with each theme the developer would include the other aspects of EIPs outlined in this Handbook and summarized in the present chapter.  The critical elements are the interactions among the park’s member businesses and the community’s relationship with its community and natural environment. See Clarification of Terms later in this chapter to understand the distinction between eco-industrial parks, by-product exchanges, and eco-industrial networks.

1.3 Benefits and Risks of EIP Development

1.3.1 Benefits to Industry 

For the companies involved, an eco-industrial park offers the opportunity to decrease production costs through increased materials and energy efficiency, waste recycling, and elimination of practices that incur regulatory penalties. Increased efficiency may also enable park members to produce more competitive products. 

In addition, some common business services may be shared by firms in the park. These may include shared waste management, training, purchasing, emergency management teams, environmental information systems, and other support services. Such industrial cost sharing could help park members achieve greater economic efficiency through their collaboration. 

Small and medium size firms often have a problem in gaining access to information, consultation and know-how. The integrative approach of EIP development can support such enterprises in overcoming these barriers and gain access to investments they may require to improve performance. (Fleig 2000)

These benefits for participating companies are likely to increase the value of property for private or public real estate developers. The services generate new revenues for park management companies. Overall, EIPs may gain a competitive advantage, an especially important benefit in a time when there is over-capacity in the industrial real estate market in many Asian countries. 

1.3.2  Benefits to the Environment

Eco-industrial parks will reduce many sources of pollution and waste, as well as decrease demand for natural resources. The site tenant’s will reduce their environmental burden through more innovative approaches to cleaner production. These include pollution prevention, energy efficiency, water management, resource recovery, and other environmental management methods and technologies. Decisions about an EIP’s siting, infrastructure, and recruitment targets will be reached in the context of the constraints of local carrying capacity and ecological characteristics of potential sites.

 Each eco-park will serve as a working model for park developers and managers to learn how to improve their bottom line while meeting high environmental and social standards. 

1.3.3 Benefits to Society

The enhanced economic performance of participating businesses will make EIPs a powerful economic development tool for communities. Such parks are likely to attract leading-edge corporations and open niches for new or expanded local ventures. Both will create new jobs in much cleaner industrial facilities. Companies in the region will gain new clients for services and buyers for products in the new firms in a park. Development of EIPs will create programs for extending their economic and environmental benefits across a community’s whole industrial sector.. This promises cleaner air, land, and water, major reductions in waste, and a generally more attractive environment. 

EIPs offer government, at all levels, a laboratory for creation of policy and regulations that are more effective for the environment while less burdensome to business.

1.3.4 Costs, Risks, and Challenges of EIP Development

Developing an eco-industrial park is a complex undertaking, demanding integration across many fields of design and decision-making. Success depends upon a new level of collaboration among public agencies, design professions, project contractors, and companies locating in the park. The possible inability to overcome traditional fragmentation within and between these groups is a major risk. In Chapters 4 and 8 we discuss ways of cutting this risk.

Some of an EIP's benefits may only become apparent when costs and savings are calculated in a longer time frame than is typical in industrial park financing. Developers may need to make a strong case for banks to finance a project with a longer payback period, such as inclusion of renewable energy for critical backup power. On the other hand, some options for infrastructure may actually cost less to build and maintain. (See water treatment systems in Chapter 8.) If you are able to get contracts with major companies to locate in your EIP, this will help prove the concept to financiers. A developer with significant signed leases has a bankable project. 

Some eco-industrial parks may cost more to develop than traditional parks, depending upon the design choices in a project. Added costs may come from the design process, site preparation, infrastructure features, construction processes, and aspects of building design. When this occurs, the additional costs may or may not be offset by savings in operating the park as an EIP, given the payback period acceptable to the developer. Public development authorities may be better prepared to bear this possible increase in development costs than private developers. Or the public sector may fund some aspects of the development with strong public benefits. We discuss ways of achieving this public private partnering in Chapters 3 and 5.

Companies using each other’s residual products as inputs face the risk of losing a critical supply or market if a plant closes down. To some extent, this can be managed as with any supplier or customer relationship, (i.e., keeping alternatives in mind and writing contracts that insure reliability of supply). We discuss alternatives for creating by-product exchanges in Chapter 12. 

Exchange of by-products could lock in continued reliance on toxic materials. The cleaner production solutions of materials substitution or process redesign should take priority over trading toxics within an EIP site. We cover hazardous materials policy in Chapter 7 and infrastructure in Chapter 8.

Possible innovations in regulation to enable EIP development may not be allowed by regulatory agencies or they may be slow to approve environmental impact reports for innovative projects. We discuss issues in policy and regulation in Chapter 7.

Some companies are not used to working “in community” and may fear the interdependence this creates. Collaboration may be particularly difficult if your EIP includes companies from many different countries and cultures. On the other hand, many large and small companies see such interdependence as a major source of competitive advantage. We cite precedents in the last section of the next chapter.

Some industrial parks include large numbers of small-to-medium enterprises (SMEs). While they may benefit from shared environmental services they are least able to afford any technologies that may be required to improve their environmental performance. This suggests the need for financial service support in the EIP package. We discuss such EIP financing strategies in Chapter 5. 

Small local industries outside industrial parks often produce a bulk of pollution, because of lack of staff, outmoded technologies, and inefficient resource uses. A broader, regional approach is needed to reach such businesses. Often these smaller firms are suppliers to companies in industrial parks, who can require them to clean up their act and perhaps offer training and even investment to support this. An EIP is a natural hub to an area-wide eco-industrial network, which we discuss later in this chapter and in Chapter 11.

By-product exchange and resource recovery may cause displacement of small businesses. “In many countries, an extended informal sector profits from wastes and by-products. Establishing recycling or by-product exchange networks amongst companies could destroy the subsistence of numerous families.” (Fleig 2000) EIP developers can offer support to such micro-entrepreneurs to strengthen their operations and follow good environmental standards. They could become participants in resource recovery parks or centers. 

Many environmental policies in developing countries emphasize end-of-pipe treatment rather than the more holistic and preventive solutions of industrial ecology. Many overseas aid organizations add to this pressure with aggressive sales of their countries’ end of pipe technologies and services. (Erkman 2000) This deepens the problems of SMEs who cannot afford the technologies. Fortunately, Cleaner Production and industrial ecology are beginning to impact design of policy and even the strategies of aid organizations, such as the German, GTZ. Industrial park developers and their associations can lobby for improvements in policy and regulations that support EIPs. 

1.4 The EIP—A Menu of Opportunities 

This Handbook offers a rich menu of design options, including ideas for site design, park infrastructure, individual facilities, and shared support services. We also cover recruitment strategies and EIP management. We summarize some major strategies your design team can draw upon in planning your park. Their implications are briefly discussed below.

Natural systems—An industrial park can fit into its natural setting in a way that minimizes environmental impacts while cutting certain operational costs. The Herman Miller Phoenix Design plant (see case study in Chapter 8) illustrates the use of native plant reforestation and the creation of wetlands to minimize landscape maintenance, purify storm-water run-off, and provide climate protection for the building. These and other natural design concepts can be used throughout an industrial park. 

At another level, design choices in materials, infrastructure, and building equipment, plant design, and landscaping can reduce your park’s contributions to global climate change and consumption of non-renewable resources.

Energy—More efficient use of energy is a major strategy for cutting costs and reducing burdens on the environment. In EIPs, companies seek greater efficiency in individual building, lighting, and equipment design. For example, flows of steam or heated water from one plant to another can be used (energy cascading) and these can also be conducted into district heating or cooling systems. (In power plants and many industrial processes, the majority of heat generated goes up the stack rather than producing value.) In many regions, the park infrastructure can use renewable energy sources such as wind and solar energy.

Materials Flows—In an eco-park, companies perceive wastes as products they have not figured out how to re-use internally or market to someone else. Individually, and as a community, they work to optimize use of all materials and to minimize the use of toxic materials. The park infrastructure may include the means for moving by-products from one plant to another, warehousing by-products for shipment to external customers, and common toxic waste processing facilities. Companies in the EIP also enter into regional exchanges. 

strategies for designing an Eco-Industrial Park (EIP)

Several basic strategies are fundamental to developing an EIP. Individually, each adds value; together they form a whole greater than the sum of its parts. 

Integration into Natural Systems

Select your site using an assessment of ecological carrying capacity and design within the limits it defines.

Minimize local environmental impacts by integrating the EIP into the local landscape, hydrologic setting, and ecosystem.

Minimize contributions to global environmental impacts, i.e. greenhouse gas emissions.

Energy Systems

Maximize energy efficiency through facility design or rehabilitation, co-generation,
 energy cascading,
 and other means.

Achieve higher efficiency through inter-plant energy flows.

Use renewable sources extensively.

Materials Flows and ‘Waste’ Management for the Whole Site

Emphasize cleaner production and pollution prevention, especially with toxic substances.

Seek maximum re-use and recycling of materials among EIP businesses.

Reduce toxic materials risks through materials substitutions and integrated site-level waste treatment.

Link the EIP tenants to companies in the surrounding region as consumers and generators of usable by-products via resource exchanges and recycling networks.

Water 

Design water flows to conserve resources and reduce pollution through strategies similar to those described for energy and materials – cascading through uses at different quality levels..

Effective EIP Management  

In addition to standard park service, recruitment, and maintenance functions, park management also:

· Maintains the mix of companies needed to use each others’ by-products  as companies change over time;

· Supports improvement in environmental performance for individual companies and the park as a whole;

· Operates a site-wide information system that supports inter-company communications, informs members of local environmental conditions, and provides feedback on EIP performance.
Construction/Rehabilitation 

With new construction or rehabilitation of existing buildings, follow best environmental practices in materials selection and building technology. These include recycling or reuse of materials and consideration of lifecycle environmental implications of materials and technologies. 

Integration into the Host Community
Seek to benefit the local economy and social systems through training and education programs, community business development, building of employee housing, and collaborative urban planning. 

Water Flows—In individual plants, designers specify high efficiency building and process equipment. Process water from one plant may be re-used by another (water cascading), passing through a pre-treatment plant as needed. Park infrastructure may include mains for several grades of water (depending on the needs of the companies) and provisions for collecting and using storm-water run off. 

Some EIP designers have tended to emphasize one strategy over all others—the exchange of by-products between companies in an industrial park. (We discuss the advantages and limits of this strategy in detail in Chapter 12 By-Product Exchanges.)  This “closing the loop” approach is an important factor, however, it is but one of a number of elements in eco-industrial park design. 

Park Management and Support Services—As a community of companies, an EIP needs a more sophisticated management and support system than a traditional industrial park. Management or a third-party supports the exchange of by-products among companies and helps them adapt to changes in the mix of companies (such as a supplier or customer moving out) through its recruitment responsibilities. Management may maintain links into regional by-product exchanges and a site-wide telecommunications system. The park may include shared support services such as a training center, cafeteria, day-care center, office for purchasing common supplies, or transportation logistics office. Companies can add to their savings by sharing the costs of these services.

Sustainable Design and Construction—EIP planners design buildings and infrastructure to optimize the efficient use of resources and to minimize pollution generation. They seek to minimize ecosystem impacts by careful site preparation and environmentally sensitive construction practices.. The whole park is designed to be durable, maintainable, and readily reconfigured to adapt to change. At the end of its life, materials and systems can be easily re-used or recycled. 

Integration into the Host Community—Relations of EIP developers with neighboring communities should compensate the many benefits to the park from government services, educational systems, housing, etc. The project can return value to the community through such institutions as a business incubator to support new businesses or expansion of existing ones in the community. Some will become tenants and others may provide essential services or supplies to tenants. Training programs will build a stronger workforce in the community and strengthen the local economy, beyond the needs of the Park.  A major return from this collaborative approach is the potential formation of a public private partnership to assume financing of some aspects of an EIP’s design.    

1.5 A Brief History 

Indigo Development first created the concept of eco-industrial parks (EIP) as described in this Handbook in late 1992. In the early 1990’s, innovators at Dalhousie University (Nova Scotia, Canada) and Cornell University (Ithaca NY) conceived related frameworks for industrial park development (Cohen-Rosenthal 1993; Cote 1993). Indigo introduced our concept to staff at the US-EPA in 1993. The Agency then included an EIP project in an Environmental Technology Initiative and recommended that the President's Council on Sustainable Development adopt EIPs as demonstration projects in 1995. From 1994-95 Indigo (by then part of RPP International) collaborated with Research Triangle Institute in a major US-EPA cooperative research grant focused on EIPs. This was a remarkably short time for a proposed major change in environmental management and real estate development to move through a large government agency and into first pilot projects. 
The appeal of the concept is that developers and communities that create eco-industrial parks seek to build a foundation for industrial development that is more competitive, more efficient, and cleaner than traditional industrial parks or regions. In addition, new business niches will be opened for recruitment or incubation of new companies that strengthen the local economy. EIP developers are seeking to end the apparent conflict between environmental, social, and economic values. 

By early 2001, at least forty communities in the US have initiated eco-industrial development projects, some called eco-industrial parks, others called industrial ecosystems or by-product exchanges. Innovators have launched at least sixty  eco-industrial projects in Asia, Europe, South America, Australia, South Africa, and Namibia. Japan alone has over 30 projects. 

This rapid diffusion of the EIP from new concept into planning and implementation seems to indicate that it appeals strongly to both public and private sector interests in sustainable development. The EIP, in its fullest realization, is a concrete means of attaining a core aim of sustainable development on the local level—to simultaneously improve the environmental, economic, and social performance of industrial and community development. 

However, implementation of the concept is still in process and we can not yet celebrate a fully realized, operating EIP. (There are, however, some successful examples of regional by-product exchanges.) In fact, a significant number of projects have failed or abandoned the goal of becoming an EIP. In this new Asian edition of the Handbook we will explore what the pioneers in this field have learned from their successes and failures. 

It appears that problems in implementation do not indicate any basic flaw in the eco-industrial park concept itself. Indigo has sought to keep this model flexible, enabling development teams to adapt it to the specific requirements of their sites, tenants, and communities. Most difficulties in the cases we will examine stem from external factors, such as limited knowledge and vision on the part of critical public agencies or their failure to understand the business dynamics of industrial real estate development. We will explore ways of overcoming such obstacles. 

1.5.1 Clarification of terms

In the last three decades the phrase “industrial estate” or “industrial park” has had a clear meaning to developers, economic development authorities, facility managers, and tenants. It is a piece of contiguous property, owned and managed as a unit for industrial and business enterprises. Unfortunately putting “eco-“ in front of “industrial estate” has led many proponents to muddy this very clear usage. In addition, some have chosen many different phrases to speak of the same basic strategies. Clarifying this language is important for business reasons since the terms “industrial park” and “industrial estate” are already in common use.  We distinguish three basic categories of eco-industrial projects:

1. Eco-industrial park or estate (EIP)—an industrial park developed and managed as a real estate development enterprise and seeking high environmental, economic, and social benefits as well as business excellence.

2. By-product exchange (BPX)—a set of companies seeking to utilize each other's by-products (energy, water, and materials) rather than disposing of them as waste.

3. Eco-industrial network(EIN)—a set of companies collaborating to improve their environmental, social, and economic performance in a region. 

We believe these distinctions are important to maintain, although there are various ways projects can overlap. EIPs and EINs may include by-product exchange programs. One or more EIPs may participate in either a BPX or an EIN.
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An eco-industrial network may include stand-alone companies, companies in industrial parks, and the park management organizations. EIN members collaborate to enhance their performance and to create shared services and facilities. One form of collaboration is to exchange by-product materials, energy, or water among companies, when feasible.   

1.5.1.1 Eco-Industrial Park or Estate

An industrial park demonstrates clear patterns of development, ownership, property definition, jurisdiction, responsibility for management and maintenance, and control. The economic self-interest of the property owner and management firm, public regulation and zoning, and the proximity of the companies on the site usually make industrial parks relatively focused sites for innovation. 

So to maintain common business usage, an eco-industrial estate or park is a set of companies usually located on a piece of contiguous property and operating as a community of self-interest around environmental, economic, and social issues. The community usually includes the property ownership and/or management business, which supports the common activities of the businesses. It also often includes a tenant association. (At some locations, where all companies own their own land, their business association may be the only organization to handle common needs.)

We have avoided using the term “eco-industrial park” for any of the other related collaborative activities described below. We should not confuse a term that is so commonly used by developers and managers of conventional industrial parks. We also seek to discourage the use of phrases such as, “virtual EIP”, which is sometimes used to describe a regional exchange of by-products. 

This clarification of language is not an academic exercise. There is leverage for innovation in the development and management of a commonly owned piece of property that is lacking in a looser regional network of companies. The management of an industrial park benefits from having a location known for its low pollution and for the superior performance of its tenants. Additional services to tenants improve the property management’s bottom line. A tenant’s association opens doors for many forms of collaboration beneficial to business. We will explore in depth the many ways that the coherence of an industrial park or estate offers a strong opportunity for improving both the financial and environmental performance of the property and its tenants. 

1.5.1.2 By-Product Exchange (BPX)

The most familiar industrial ecology concept is that of the industrial by-product exchange (BPX). Companies and agencies around the world are seeking to create BPXs under many different names: industrial ecosystem, by-product synergy, industrial symbiosis, industrial recycling network, green twinning, and zero emissions network, among others.  The core intention is creating a system for trading material, energy, and water by-products among companies, within an industrial park, a neighborhood, and/or a region. Participants expect to use previously discarded resources rather than wasting them, to reduce pollution, to cut disposal costs, and often to gain new revenues. There are also instances of single companies constructing networks of plants designed to utilize their by-products. For instance, a sugar company in southern China built a paper mill, alcohol refinery, concrete plant, and other facilities. See Appendix, Cases.

We offer detailed guidelines for developing BPXs in a later chapter devoted to this topic. Here we want to emphasize that systems for exchanging by-products are not, by themselves, eco-industrial parks.  

1.5.1.3 Eco-Industrial Network

An eco-industrial network extends beyond the development of a by-product exchange to a broader agenda for improvement of environmental and business performance. An EIN may include eco-industrial parks or it may be a network of stand-alone firms. In the Philippines PRIME project, for instance, five industrial estates are collaborating as an eco-industrial network to create a regional by-product exchange and to assess the feasibility of a common resource recovery system and a business incubator. (PRIME 2000) An eco-industrial initiative of the Industrial Estate Authority of Thailand will focus initially on individual estates and then expand to support networks of companies related to the factories at the pilot estates. BPXs and resource recovery systems will also play a role in this Thai initiative, supported by the German technical development corporation, GTZ. (Koenig 2000, Lowe 2000) Eco-industrial networks may include all of the elements just described as well as environmental training programs for member companies, community service programs, and many other joint programs. (Cohen-Rosenthal and McGalliard 1999)

1.6 Why Developing an EIP is an Inquiry Process

There are no blueprints for eco-industrial parks. Each one must be unique. This book offers guidelines, processes, and resources to support your site-specific exploration. For your design to work, you will need to pull this EIP vision down to earth, matching the economic, ecological, social, and cultural characteristics of your community and region. As you do this, you will also need to stay responsive to currents of change at state or provincial, national, and global levels. 

1.6.1 Development Is Very Site-Specific

The “eco” in eco-industrial park stands for a basic EIP principle: design your park in relationship to the characteristics of your local and regional ecosystem. “Eco” also refers to the more traditional principle that your development concept must match the resources and needs of your local and regional economy. These dual meanings reinforce the need for working in an inquiry mode when designing an EIP. Learn from the experience of other countries and communities developing eco-parks. But remember, you need to discover the right solutions for your specific site and community within the broad principles of industrial ecology, sustainable planning, architecture and construction. The turbulence of the time will open many new opportunities for those who keep asking, “How do we create an eco-industrial park suitable to this community and this ecosystem in this amazing time?” 

1.6.2 Designing in Turbulent Times

In 1980 Peter Drucker wrote a book entitled Managing in Turbulent Times.  He stated, 

“Planning starts out . . . with the trends of yesterday and projects them into the future with very much the same elements and the same configuration. This is no longer going to work . . . strategies for tomorrow are required . . . that enable a business to take advantage of new realities and to convert turbulence into opportunity.” (Drucker 1980)
The period during which Drucker wrote actually looks like a fairly tranquil time compared with our new millenium era. We're in a time of even more rapid change in business, technology, economics, society, and politics. 

A few of the changes most relevant to EIP teams include : 

· Climate change, resource depletion, and loss of biodiversity are global changes requiring transformation of industrial systems. 

· An emerging sustainable economy is beginning this transformation process, defining new venture opportunities and posing new challenges to business.

· Governments in many countries are privatizing, downsizing, eliminating programs, deregulating, decentralizing functions, and cutting funds available for local development. 

· In a global economy, national economies are becoming increasingly interdependent and less able to control the value of their money or their interest rates. (These are critical issues in financing development projects.)

· A strong movement is challenging the assumptions of the dominant trade organizations and development banks that have guided the process of globalization. 

· Waves of corporate mergers, downsizing, and outsourcing, driven in part by continuing technological change, continue to eliminate jobs while opening entrepreneurial niches.

· The World Wide Web and Internet have created a dynamic new forum for business relationships and transactions.

These and many other changes will affect the planning of any industrial park. Will familiar programs and departments that have funded development projects continue to exist? What regions and features will attract corporate site-location managers? What resources will be available for local business development? How far will environmental reform or deregulation go? How will e-commerce and telecommuting impact business practices? Elimination of many old certainties will open the door to new solutions and raise new barriers. 

Planning major projects in this truly turbulent time calls for EIP development teams to work with flexibility, learning rapidly from their errors and successes. Companies like AT&T and Electronic Data Systems have adopted the concept of learning organization to build these capabilities into their very corporate systems and structures. If your EIP team adopts this model you will better manage inevitable surprises and recover more quickly from inevitable errors. You can find more information on how an EIP development team can function as a learning organization in Chapter 4 on planning and development and Chapter 10 on management. 
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�  Co-generation is the capturing and using of otherwise “wasted” heat from the electrical generating process.


�  Energy cascading is using residual heat in liquids or steam from a primary process to provide heating or cooling to a later process.  For example, excess steam from a power plant or refinery may be used in a food processing plant or greenhouse.
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