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Using the Environmental Performance Framework in Siting an EIP

You can use the Environmental Performance Framework in most aspects of your development process to determine performance objectives and goals specific to your project. The following is a detailed discussion of how this framework could support the selection of a site for your park. This is offered to demonstrate how your team would use the tool in any area, as well as to support actual consideration of sites.

Historically, environmental constraints have rarely been considered in selecting sites for industrial development. Common practice in industrial site selection has focused primarily on economic, and more recently social, issues. As a general rule, environmental considerations have been secondary in the siting decision. Most environmental constraints have been accepted and worked around, engineered and built around, or mitigated. In the past 20 or 30 years, practices, such as “flood-plain zoning” have emerged to preclude development in selected environmentally significant areas. Increasingly, environmental impact assessments and other processes that incorporate public review and input have influenced siting of facilities. In most cases, the siting decision has continued to be influenced by the known economic implications of the environmental constraints, rather than by the environmental constraints themselves.

Siting an EIP involves changing this approach to incorporate environmental implications of the location decision as a primary factor in the location decision. The situation that we discuss in this section involves a community in which more than one site is under consideration for siting an EIP.

The siting of your eco-park can impact each of the elements of environmental performance (See Table below).

The greater the topographic and geologic complexity of the community’s region, the more impact the siting decision may have on environmental performance. At the one extreme are areas that are characterized by relatively flat surface topography and surface materials generally the same with minor repeating differences across the area. In these communities, different sites will generally have little difference in the amount of influence of siting on environmental performance. 

At the other extreme are regions that are characterized by significant changes in topography and surface geology across the area. In these communities, differences in substrate and microclimate can result in substantial differences in environmental performance among various sites.

The following table summarizes the principle ways that variations in site characteristics can impact environmental performance. We then describe each type of impact is in more detail. We discuss each issue from the perspective of a community in which there is sufficient variability to differentiate specific sites. Finally we discuss data sources and methods of analysis to guide application of these principles in particular communities.

Environmental Performance Element
Impact of Siting on Environmental Performance

Energy Use
Location and orientation relative to sun and wind, access to by-product energy sources 

Water Use
Precipitation, lakes, streams and landscape features favorable to retention and routing water. Access to by-product water flows.

Material / Resource Use
Existing facilities and infrastructure, prime farm land, access to by-product supplies reducing use of virgin materials

Atmospheric Emissions
Wind patterns, inversions, existing emission sources, commuting distance, and truck traffic 

Liquid Waste Emissions
A function of facility operation, and proximity to potential users of liquid by-products resulting in lower emissions

Solid Waste 
A function of facility operation, and proximity to potential users of solid by-products resulting in lower waste flows

Ecosystem 
Natural habitat disturbance

Neighbors
Other industrial sites or facilities, residential areas, traffic and commuting routes

Physical Environment
Hydrologic setting of the site can effect potential for contamination of surface and groundwater

Effect of siting on environmental performance framework

Access to alternative energy

Sun angle, cloudiness, and regional wind patterns vary by region, determining the potential for development of alternative energy sources varies. Some areas are naturally more sunny or more windy than other areas, and therefore afford greater opportunities to supplement energy requirements with alternative sources. 

Similar variations occur at the local level within regions. These smaller scale variations are controlled by interactions between local topography and the sun or wind.

Wind exposure

Wind exposure can effect EIP facilities in two ways. 1) Exposure to cold winter winds or hot summer winds can increase energy requirements for heating or cooling, respectively. 2) The potential for wind power is controlled by the strength and steadiness of wind. The setting of a site relative to topography, stands of trees, or buildings can result in exposure to or shielding from wind. Variations in effectiveness of wind generation are controlled by interactions between regional wind patterns with local topography, large water bodies, and forested areas. 

Solar exposure

In areas of steep terrain, specific sites may be shaded from the sun during part of the day. Sites in narrow, deep valleys or at the base of mountainous ridges, may experience fewer hours of exposure to the sun, than sites in the same area that are out in the open. As with wind exposure, reduced passive solar heating during periods of shading can increase requirement for heating during winter or lower energy requirements for cooling during summer. More shaded sites have lower potential for using the solar energy to supplement building energy requirements.

Condition at Site
Advantages
Disadvantages

High wind exposure
Opportunity for wind generation. 

Minimum potential for atmospheric inversions
Increased requirement for heating in winter

High sun exposure
Opportunity for solar generation.

Decreased requirement for heating in winter
Increased requirement for cooling in summer.

Location near surface water

Natural drainage and depressions
Potential for cost-effective integration of landscape into water management system
Higher potential for contamination of surface water.

Higher rainfall
Increased water available.
Greater water management challenges.

Farm land
Relatively low potential for site contamination

Low potential for loss of natural habitat
Loss of productive farm land.

Undisturbed land
No site contamination

No loss of productive farm land.
High potential to disturb natural habitat





Industrial land
No loss of productive farm land.

Low potential for loss of natural habitat
High potential for site contamination.





Proximity to residential areas
Potential to substantially reduce commuting related vehicular emissions
Potential limitation to types of industrial tenants

Proximity to rail
Potential to substantially reduce vehicular emissions from trucks
May restrict siting options

Proximity to Industrial Infrastructure
Minimizes truck traffic within community, resulting in lower emissions as well as other benefits.


Proximity to Industry
Potential to form material or energy exchange transactions that result in reductions in wastes and demand on resources


Location over major aquifer
May increase (or decrease) potential for heating with stored solar energy
Increased potential for contamination of groundwater

Summary of advantages and disadvantages of various conditions of the natural and constructed environment of potential EIP sites.

Stored Solar Energy

The temperature of groundwater is constant at depths of a few ten's of metres below the surface. The constant temperature reflects the long-term mean annual temperature of the region. The temperature difference between the groundwater and hotter air during the summer and colder air during the winter creates a temperature gradient that is increasingly being exploited to heat or cool buildings. Sales of heat pumps to utilize this source of energy increased 20% in 1994 compared to the previous year. The higher capital cost of installing this type of residential heating system relative to conventional systems is recovered in three to five years through savings in fuel costs.

Variability in the geology beneath many communities results in variations in subsurface temperature profile and the geologic conditions necessary to exploit this temperature gradient as a heat pump. Mapping these variations will indicate those sites in which greater potential exists to supplement the energy requirements of your EIP.

Facilitation of water-use cascading

Climate, topography and drainage all play a role in creating natural conditions that facilitate retention and integration of natural water and water from facilities within the EIP. You can compensate for the absence of naturally favorable conditions through engineering and construction of ponds and drainage, but at increased cost to the EIP. Site characteristics commonly vary across communities.

Amount of natural water available

The amount of water available within the landscape varies within communities. In regions where water is generally scarce, siting the EIP in a setting with more water than is typical in the area can offer opportunities to achieve environmental and economic benefit. In regions where water is abundant, there may be advantages to selecting a site to avoid excess water and minimize water management requirements.

Proximity to usable streams or lakes

Distribution of lakes, ponds, and streams varies from place to place in most communities. An EIP sited near a body of surface water may be able to integrate the natural drainage with its water management system. Water quality regulations or land-use restrictions of zoning ordinances will place constraints on the degree to which the surface water bodies can be integrated into the site water management system. At the very minimum ponds and streams can be used as part of the storm-water run-off management system. They may provide water for landscaping and potentially for cleaning and cooling.

 Variations in precipitation

In many larger metropolitan areas, precipitation varies significantly across the community. The heat and particulate matter released from the city itself commonly results in higher precipitation on the eastern part of the city. In addition, variations in topography across a city can produce substantial changes in precipitation. The rising land on the east side of Salt Lake City, for instance, produces much higher rainfall in the east than in the west. In communities such as this, the selection of a site for an EIP can produce a substantial change in the amount of water available. Depending on the overall water balance of the facility, this difference may be significant enough to factor into the siting decision.

 Landscape Features Control Potential for Retention and Routing Water

In many sites, slopes, and natural landscape depressions can be incorporated into a landscape water handing system as part of the EIP (even though not part of permanent, natural drainage). This may minimize earth moving needed in site-preparation. Siting the EIP with these landscape features in mind can open up options for integrating the total water management system of the park. The lower cost of using natural landscape features relative to the more extensive construction required for a site without natural advantages, may be an important factor in siting.

Loss of prime farm land

Location of highly productive farmland is one of the factors that led to the original development of many of the cities in the United States. Over the years, much of this land has been lost to urban sprawl. Industrial development in Asian countries also has frequently occupied prime farmland. Where the only greenfield sites available are high quality farm land, redevelopment of existing industrial land, may be a much better overall solution for the community and the country.

 Atmospheric emissions

Atmospheric emissions are one of the most significant potential environmental issues related to any industrial facility. Clearly, the most significant factors controlling emissions are the types of industrial operations in the parks, the pollution prevention practices in the design and operation of the facility and the pollution control equipment installed in the plants. Nevertheless, siting of the EIP can influence the potential of atmospheric contamination resulting from the park in two important ways.

Local atmospheric conditions conducive to inversions or smog

In some communities, the interaction between atmospheric circulation patterns, air temperature profiles, and local topographic features create conditions leading to atmospheric inversions that trap any airborne contaminants. Some locations within these communities are more susceptible to this type of situation than others. 

Vehicular emissions as a function of commute distances

The influence of location of an EIP on commuting distances of potential employees may be one of the most significant impacts of the siting decision on the environmental impacts of the EIP. The emissions from automobiles of employees commuting to and from work exceeded all other emissions from the plant itself by a factor of 1.5 times at an aircraft factory in the Los Angeles area. (Beroitz, Denny. 1993. Making pollution prevention profitable, Seminar at Pacific Northwest Pollution Prevention Research Center, June 9, 1993)

 Location relative to rail or truck transportation

Trucks or trains are used in the shipment of raw materials and parts to industrial facilities and of products to market and by-products to treatment or disposal. In most areas and in most industries trucks play a major role. Trains are able to move the same amount of freight as trucks at a significantly lower burden in atmospheric emissions.

Siting of the EIP with respect to key facilities elsewhere in the community can effect the number of truck miles driven within the city as well as the total truck miles. As with commuting distances, this impact of siting on truck traffic can influence the total atmospheric emissions related to the EIP. Where the industry mix in the EIP could utilize rail transport, location of the EIP on a rail line maximizes the potential reduction in emissions related to trucks.

 Loss or disruption of habitat

Construction of an industrial facility on an undisturbed, green-field site results in the loss or disruption of natural habitat. Depending on the degree to which the region has been effected by previous development, this disruption can have greater or lesser impact on the natural vegetation and wildlife in the area. It is difficult to evaluate the importance of this type of loss in financial terms or even in terms of importance relative to other impacts. Where the disruption involves obstruction or blocking of access to water, food, or cover for larger animals, design of the landscaping of the park can mitigate the loss. 

 Impact on neighbors

 Proximity to residential housing

Close proximity of industrial sites to residential areas is generally considered undesirable. This concern reflects the noise, unpleasant odors, risk, and general perception of unsightliness associated with many of the industrial operations of the "old economy”. Many of the industries of the "new economy" tend to be quiet and have low emissions and low visual impact. Siting such a facility relatively close to residential housing, therefore can create no especial adverse effect. A buffer such as a landscaped greenbelt of adequate width to produce visual and audio separation of houses from the industrial facilities can render the site an innocuous neighbor. Clearly, such a location would make certain types of operations that are noisy, smelly, or create physical or environmental risks problematic for an EIP. Careful planning of truck and rail access as well as scheduling of truck and train operations would be required to ensure minimum disruption within the community. 

An EIP sited in close proximity to the homes of employees working in the park creates opportunities to substantially reduce use of vehicles by commuting employees and thereby significantly reduce atmospheric emissions.

 Proximity to other industry

The potential success of the EIP can be enhanced during the siting phase by identifying the potential to link the closed-loop recycling within the proposed EIP with the existing industrial base of the community. The first step in this process is to conduct a material input/output analysis of major industries in the area. This analysis involves determining the (1) location, (2) type, (3) amount, (4) quality (in terms of consistency with time and purity), and (5) distribution in time (steady, periodic, episodic, or irregular) of the major materials used. This material mix is then analyzed to identify potential opportunities for exchanges with the proposed EIP. 

Because the potential for an exchange to occur decreases with increasing distance and transportation complexity, sites close to high potential sources or users of material would be favored over those at greater distance.

 Pre-existing industrial conditions

Pre-existing industrial sites may be the optimum location for the EIP, either as an addition to an operating industrial site or as a redevelopment of an abandoned industrial site. Existing infrastructure can reduce the costs of developing a new site. Using land that is already industrialized prevents loss of farmland or natural areas. 

Existing industrial sites create challenges for the potential EIP that, although difficult, may create real opportunity. Previously used industrial sites frequently contain areas of contaminated soil or groundwater. If the areas of contamination are not well understood, investigations to determine location and severity of such contamination can be protracted and expensive. Where such contamination exists, it may be necessary to clean the site to comply with regulations and to render the site safe. Because of the potential liabilities, former industrial land is difficult to sell and the price is generally low.

Some jurisdictions are recognizing that not all contaminated sites represent sufficient hazard to health or the environment that they must be remediated. Before dismissing a former industrial site out of hand, it is worth taking the time to determine the likely nature and degree of potential contamination. With that information, it will be relatively simple to determine from regulatory authorities whether a prohibitively expensive remediation program would be required for the site. 

Where expanding an existing industrial site or considering a site in close proximity to existing industrial activity, it is important to determine if there are existing air quality problems that could be amplified by either the load or character of emissions from the new park. 

 Potential contamination of surface water and groundwater

Industrial operations that handle liquids or chemicals always have the potential to produce contamination of surface water and groundwater. Siting restrictions, construction codes, and operating practices have sought to prevent the occurrence and severity of incidents of contamination. Location of the EIP with attention to surface water and groundwater systems can contribute substantially to preventing future contamination. 

Engineered containment can minimize potential for contamination, but concrete does crack, pipes do break, and fluid loading of containment structures is exceeded. If the facility is sited so as to enable ready access of spilled fluids to groundwater reservoirs or to surface streams or lakes, contamination will occur. If the geology and hydrology of candidate sites is considered in site selection you will incur minimum expense to engineer the same level of containment and you will reduce the potential for contamination.

Site Investigation and Analysis Methodology

We propose a five-stage process for evaluation of potential sites.

1. Preliminary characterization of the physical and biological environment of the sites.

Rely on existing data sources on geology, soils, groundwater, surface water, climate, wildlife and vegetation as a basis for the preliminary characterization of the physical and biological environment of the sites. The government may have conducted scientific surveys and provide data at a nominal cost. Professors in the relevant disciplines at a local college or university can provide expert advice on accessing this type of information. If your team does not include professionals in the earth sciences or biology, it will be important to access professional assistance in synthesis of these data. 

2. Identification of potentially significant differences among sites.

In the second stage of the siting analysis you will be interested in differences between or among the sites. You can save considerable time and money by not making a complete description of the site until later in the process. By using this approach, you will invest in the characterization of a smaller number of sites, thereby saving money. In communities with very limited topographic relief and minimal geologic variability, significant differences are likely to be much less than in communities with more variability. 

Some communities are characterized by flat to very low relief topography, a limited variation in soils that represent repetition of a few basic types, and minor micro-climatic variability. In this type of community, the natural factors influencing siting are much less likely to produce significant differences among sites. In communities with higher relief and complex topography or geology, substantial natural differences can be expected among sites. 

3. More thorough characterization of elements relating to significant differences.

In the third stage of the investigation, you may need to collect new, primary data to confirm or further define the substantive differences that appear to differentiate various sites. Any data collection during the site selection phase should focus on properties that differentiate the sites. Once a site is selected, you will probably want to do a more thorough characterization of the site to support the design process.

4. Evaluation of impacts of differences among sites on environmental performance.

In the fourth stage you will map the various properties of interest on a common base and overlay the maps. The properties of the landscape combine to create particularly favorable or unfavorable conditions for siting the EIP at each location under consideration. Most soils, geological, and engineering environmental consulting firms use this type of technique as a standard tool for siting facilities such as landfills. Geographic Information System (GIS) methodology has been highly evolved to support this type of analysis. By its nature, GIS technology requires significant amounts of high quality data. Where there are adequate data to support application of a GIS, the analysis can be a powerful analytical and presentation tool to select a site and sell the site selection within the community.

5. Comparison of impacts of differences among sites on environmental performance.

The fifth stage involves comparison of the candidate sites using an explicit decision support process that provides a systematic way to evaluate the trade-offs among various sites. The previous table summarizes the impact of various siting characteristics on the environmental performance framework that we described in Chapter 10.

In addition to the environmental performance aspect of the siting decision, the AHP hierarchy should be set up to include economic, social and other factors relevant to the siting decision. Figure 10 - 1 is an example of the types of factors that might be included in the over all siting decision. An analysis at a level of detail similar to the environmental analysis is required to support the other elements of the siting decision. The importance of the environmental performance factors relative to the other factors in the decision will vary among communities and sites. You can establish the relative importance of each factor in your community using a technique such as the AHP paired-comparison, which is briefly outlined in this Appendix.
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Example of a decision hierarchy for a typical EIP siting decision

Decision Support and the Analytic Hierarchy Process

In Chapter 10 we discussed an environmental performance framework and outlined a process for applying it to various aspects of an eco-industrial park. A critical aspect of this process is the decision process. It is important to use some formalized, explicit decision support process thoughout the initiation, site selection, design, construction and operation of an EIP. A variety of stakeholders with different points of view, interests, and biases will be involved throughout the process. 

A formalized, explicit decision support process enables the project team to understand and value the perspectives of its disparate members. Techniques of this type also assist individuals to identify and understand their own assumptions and biases, thereby making them more constructive contributors to the team effort. Such a process also provides an "audit trail" that enables others to understand and evaluate decisions at a later date.

Practitioners of decision analysis have developed a wide variety of such techniques. Most management-consulting firms have staff skilled in using one or more of these techniques. Decision analysis techniques generally provide a discipline to clearly differentiate the decision alternatives from the criteria by which the decision is made. 

Most of us make most decisions on the basis of implicit assumptions and "emotional logic". The decision analysis techniques use various approaches to bring these assumptions to the surface, and to develop explicit statements of the criteria by which the decision is reached. All good decision analysis tools recognize the fundamental emotional, non-cognitive nature of decision making by incorporating a final "gut-level" check of the outcome of the analysis. If the result doesn't make sense or doesn't feel right, the practitioner is sent back to re-evaluate the inputs to the analysis.

We have found the Analytic Hierarchy Process to be a strong method for decision support. The AHP has a sound mathematical foundation, allows inclusion of monetary and non-monetary, as well as abstract "values" in the same analysis, and can be used effectively in group process. Expert Choice software supports teams in applying this method. The AHP is used by a wide variety of business and government organizations as their primary decision making tool.

Sources

Golden, B. L., Wasil, E. A., and Harker, P. T. (ed.). 1989. The Analytic Hierarchy Process: Applications and Studies, Berlin, Springer-Verlag. 

Saaty, T. L. and Alexander, J. M.. 1981. Thinking with models: Mathematical models in the physical, biological and social sciences. Pergamon, NY 

Gamma Software offers demos of decision support software tools, including Expert Choice which is used to implement the Analytic Hierachy Process. Expert Choice 2000 is a web-enabled decision support system based on the Analytic Hierarchy Process (AHP). Expert Choice assists decision-makers by organizing complex problem-related information into a hierarchical model consisting of a goal, possible scenarios, criteria, and alternatives. Expert Choice 2000 captures both quantitative and qualitative data for a complete audit trial of the decision process. Expert Choice 2000 generates comprehensive reports for tracking and justifying decisions. Sensitivity analysis can be performed, reports and sensitivity graphs can be printed, and the decision data can be exported to a spreadsheet file. 

 http://www.gamma.rug.nl/catalog/catalog4.htm




Brownfield Site-Assessment Process

Before the area is redeveloped, you will need to thoroughly inventory the current state of the property. This is normally done in the form of a “Phase I Site Assessment.” A similar process is currently used to evaluate closing military bases and serves as a good model for all brownfield sites. The following steps are important in your evaluation of the property:

Historical Uses of the Property: Determine all past owners by conducting a title search. Gather information on the use of the property for all owners, or tenants that operated facilities on the property. On many former industrial sites, the land is divided into a number of parcels, each with separate ownership, and each with its own history. Determine the operations for each user (including building systems such as heating) and what materials and wastes resulted. 

This can be done through interviews and document reviews. Aerial photographs will also be helpful. Determine how the waste was handled if possible. This method won’t give you a complete picture, but will give you an idea of possible contamination concerns.

Hazardous Materials: Where were hazardous materials stored? Are there or were there underground or surface tanks or abandoned equipment that could have leaked materials? Is there any radioactive contamination (important on military bases)? Were pesticides used or stored? 

Extent of contamination: If hazardous materials were used it is likely that some contamination has occurred, especially if hazardous materials were used before waste management laws were implemented in the mid-seventies. You will need to do sampling on the site to determine the extent of contamination.

Existing Structures: Is there asbestos piping or insulation in any of the buildings. Do the transformers on site contain PCBs? Is there lead paint?

Remediation of Contamination

In cases where the contamination poses a health or environmental hazard, there is no alternative to remediation of the site. In some cases, particularly in the early phases of the remediation, it will be impossible to develop the site until investigation is completed and the cleanup process is in place. 

In other cases, the risk may be sufficiently low that there is no threat either to human health or to the environment. "No threat" means that construction and future land-use will not cause environmental releases or human exposure. Once immediate hazards are removed or contained activities can resume at the site. Many facilities have on-going remediation systems in place while industrial activities continue. 

In some cases, relatively long-term, passive remediation technologies, generally involving bioremediation, can be implemented at relatively low cost.

The first step in utilizing these new technologies is a thorough, technically credible hazard evaluation and risk analysis. The second, and probably more difficult step is creating the regulatory, financial, and legal context for a project to move forward. In many jurisdictions, regulations are still in place that require expensive site remediation regardless of true environmental or health risk. 

Derelict Buildings/Facilities

In many cases, the buildings and facilities from the prior industrial occupation have been removed or are in a state of such dilapidation that they must be razed.
In some older industrial areas, abandoned building sites occupy valuable land. The owner of these sites may have gone out of business leaving the site along with the associated contamination-related liabilities. Because of their location within the industrial area, these sites would have considerable value as locations for new companies that can be recruited to fill niches within the emerging industrial ecosystem. The unsightliness of the buildings in and of itself can often have a negative impact on the perceived desirability of the park to a prospective tenant. 

When existing buildings can be used by new tenants this generally costs less than razing the old and building new structures.

Design for Environment 

We introduced the industrial ecology method called design for environment in Chapter 8. The following is a specific DFE matrix two industrial ecology pioneers have developed to support facility design. Typically design teams develop more specific matrices for each of the interactions. Judgments from the lower level matrices then feed into the master matrix. 

The Environmentally Responsible Facility Assessment Matrix






Environmental Concern

Facility Activity
Ecological Impacts
Energy 
Use
Solid
Residues
Liquid 
Residues
Gaseous 
Residues

Site Selection and Development
1,1
1,2
1,3
1,4
1,5

Infrastructure 
Interactions
2,1
2,2
2,3
2,4
2,5

Principal Business Activity-Products
3,1
3,2
3,3
3,4
3,5

Principal Business Activity - Processes
4,1
4,2
4,3
4,4
4,5

Facility Operations

5,1
5,2
5,3
5,4
5,5

Facility Refurbishment/
Closure/transfer
6,1
6,2
6,3
6,4
6,5

The number in each cell corresponds to the relevant question set for that cell, as laid out below.

EIP design teams will need to create checklists specific to each site and facility, guided by the performance objectives and goals they have developed earlier.
Source: Allenby, Braden and Graedel, Thomas. 1993. Defining the Environmentally Responsible Facility, paper presented at 1993 National Academy of Engineering Industrial Ecology Workshop at Woods Hole, MA. This material, in a slightly different form appears in the two authors' textbook, Industrial Ecology, Prentice Hall, Englewood, NJ. Used by permission of Allenby and the National Academy of Engineering, Technology and Environment Program..

DFE Checklists, coded to the matrix above

Matrix Element 1,1
Facility Activity: Site Selection and Development
Environmental Concern: Ecological Impacts

· Has the proposed site previously been used for similar activities? If not, have any such sites been surveyed for availability?

· Is necessary development activity, if any, planned to avoid disruption of existing biological communities?

· Is the biota of the site compatible with all planned process emission, including possible exceedances?

· Does the siting decision impose disproportionate environmental burdens on minority, poor, or politically less powerful elements of society?

Matrix Element 1,2

Facility Activity: Site Selection and Development

Environmental Concern: Energy Use

· Is the site such that it can be made operational with only minimal energy expenditures?

· Has the site been selected so as to avoid any energy emission impacts on existing biota?

· Does the site allow delivery and installation of construction or renovation materials with minimal use of energy?

Matrix Element 1,3

Facility Activity: Site Selection and Development

Environmental Concern: Solid Residues

· Is the site such that it can be made operational with only minimal production of solid residues?

· Have plans been made to ensure that any solid residues generated in the process of developing the side are managed so as to minimize their impacts on biota and human health?

· If any solid residues generated in the process of developing the site may be hazardous or toxic to biota or humans, have plans been made to minimize releases and exposures?

Matrix Element 1,4

Facility Activity: Site Selection and Development

Environmental Concern: Liquid Residues

· Is the site such that it can be made operational with only minimal production of liquid residues?

· Have plans been made to ensure that any liquid residues generated in the process of developing the site are managed so as to minimize their impacts on biota and human health?

· If any liquid residues generated in the process of developing the site may be hazardous or toxic to biota or humans, have plans been made to minimize releases and exposures?

Matrix Element 1,5

Facility Activity: Site Selection and Development

Environmental Concern: Gaseous Residues

· Is the site such that it can be made operational with only minimal production of gaseous residues?

· Have plans been made to ensure that any gaseous residues generated in the process of developing the site are managed so as to minimize their impacts on biota and human health?

· If any gaseous residues generated in the process of developing the site may be hazardous or toxic to biota or humans, have plans been made to minimize releases and exposures?

Matrix Element 2,1

Facility Activity: Infrastructure Interaction

Environmental Concern: Ecological Impacts

· Has site been chosen to minimize the need for new on-site infrastructure (buildings, roads, etc.)?

· If new infrastructure must be created, are plans in place to minimize any resultant impacts on biota?

· Have provisions been made for orderly growth of infrastructure as facility operations expand in order to avoid unnecessary health or environmental impacts?

Matrix Element 2,2

Facility Activity: Infrastructure Interactions

Environmental Concern: Energy Use

· Does the existing energy infrastructure (gas pipelines, electric power cables) reduce or eliminate the need to build new systems?

· Is it possible to use heat residues from within the plant or from nearby facilities owned by others to provide heat or power?

· Is it possible to use gaseous residues from within the plant or from nearby facilities owned by others to provide heat or power?

Matrix Element 2,3
Facility Activity: Infrastructure Interactions
Environmental Concern: Solid Residues

· Is it possible to use as feedstocks solid residues from nearby facilities owned by others?

· Is it possible to use solid residues from the proposed facility as feedstocks for nearby facilities owned by others?

· Can solid residue transport and disposal operations be shared with nearby facilities owned by others?

Matrix Element 2,4

Facility Activity: Infrastructure Interactions

Environmental Concern: Liquid Residues

· Is it possible to use as feedstocks liquid residues from nearby facilities owned by others?

· Is it possible to use liquid residues from the proposed facility as feedstocks for nearby facilities owned by others?

· Can liquid residue transport and disposal operations be shared with nearby facilities owned by others?

Matrix Element 2,5

Facility Activity: Infrastructure Interactions

Environmental Concern: Gaseous Residues

· Is it possible to use gaseous residues from the proposed facility to provide heat or power for nearby facilities owned by others?

· Is it possible to share employee transportation infrastructure with nearby facilities owned by others to minimize air pollution by private vehicles?

Matrix Element 3,1

Facility Activity: Principal Business Activity: Products

Environmental Concern: Ecological Impacts

· If the activity at this site involves extraction of virgin materials, is the extraction planned so as to minimize ecological impacts?

· Do all outputs from the site have high ratings as environmentally responsible products?

· Are products designed to use recycles materials?

Matrix Element 3,2
Facility Activity: Principal Business Activity - Products
Environmental Concern: Energy Use

· Are products designed to require minimal consumption of energy in manufacture?

· Are products designed to require minimal consumption of energy in use

· Are products designed to require minimal consumption of energy in recycling or disposal?

Matrix Element 3,3

Facility Activity: Principal Business Activity - Products

Environmental Concern: Solid Residues

· Are products designed to generate minimal and nontoxic solid residues in manufacture?

· Are products designed to generate minimal and nontoxic residues in use?

· Are products designed to generate minimal and nontoxic solid residues in recycling or disposal?

Matrix Element 3,4

Facility Activity: Principal Business Activity - Products

Environmental Concern: Liquid Residues

· Are products designed to generate minimal and nontoxic liquid residues in manufacture?

· Are products designed to generate minimal and nontoxic liquid residues in use?

· Are products designed to generate minimal and nontoxic liquid residues in recycling or disposal?

Matrix Element 3,5

Facility Activity: Principal Business Activity - Products

Environmental Concern: Gaseous Residues

· Are products designed to generate minimal and nontoxic gaseous residues in manufacture?

· Are products designed to generate minimal and non-toxic gaseous residues in use?

· Are products designed to generate minimal and nontoxic gaseous residues in recycling or disposal?

Matrix Element 4,1

Facility Activity: Principal Business Activity - Processes

Environmental Concern: Ecological Impacts

· Have all process materials been optimized from a Design for Environment standpoint?

· Have processes been dematerialized (evaluated to ensure that they have minimum resource requirements and that no unnecessary process steps are required?

· Do processes generate waste heat or emission of residues that have the potential to harm local or regional biological communities?

Matrix Element 4,2

Facility Activity: Principal Business Activity - Processes

Environmental Concern: Energy Use

· Have all process materials been evaluated to ensure that they use as little energy as possible?

· Are processes monitored and maintained on a regular basis to ensure that they retain their energy efficiency as designed?

· Do process equipment specifications and standards require the use of energy efficient components and subassemblies?

Matrix Element 4,3

Facility Activity: Principal Business Activity - Processes

Environmental Concern: Solid Residues

· Are processes designed to generate minimal and nontoxic solid residues?

· Where solid materials are used as process inputs, have attempts been made to use recycled material?

· Are processes designed to produce usable byproducts, rather than byproducts suitable only for disposal?

Matrix Element 4,4

Facility Activity: Principal Business Activity - Processes

Environmental Concern: Liquid Residues

· Are processes designed to generate minimal and nontoxic liquid residues?

· Where liquid materials are used as process inputs, have attempts been made to use recycled materials?

· Are pumps, valves and pipes inspected regularly to minimize leaks?

Matrix Element 4,5

Facility Activity: Principal business Activity - Processes

Environmental Concern: Gaseous Residues

· Are processes designed to generate minimal and nontoxic gaseous residues?

· Are processes designed to avoid the production and release of odorants?

· If VOCs are utilized in any processes, are they selected so that any releases will have minimal photochemical smog impact?

Matrix Element 5,1

Facility Activity: Facility Operations

Environmental Concern: Ecological Impacts

· Is the maximum possible portion of the facility allowed to remain in its natural state?

· Is the use of pesticides and herbicides on the property minimized?

· Is noise pollution from the site minimized?

Matrix Element 5,2

Facility Activity: Facility Operations

Environmental Concern: Energy Use

· Is the energy needed for heating and cooling the buildings minimized?

· Is the energy needed for lighting the buildings minimized?

· Is energy efficiency a consideration when buying or leasing facility equipment: copiers, computers, fan motors, etc.?

Matrix Element 5,3

Facility Activity: Facility Operations

Environmental Concern: Solid Residues

· Is the facility designed to minimize the comingling of solid waste streams?

· Are solid residues reused or recycled to the extent possible?

· Are unusable solid residues from (including food service) disposed of in an environmentally responsible manner?

Matrix Element 5,4

Facility Activity: Facility Operations

Environmental Concern: Liquid Residues

· Is the facility designed to minimize the comingling of liquid waste streams?

· Are liquid treatment plants monitored to ensure that they operate at peak efficiency?

· Are unusable liquid residues disposed of in an environmentally responsible manner?

Matrix Element 5,5

Facility Activity: Facility Operations

Environmental Concern: Gaseous Residues

· Is operations-related transportation to and from the facility minimized?

· Are furnaces, incinerators, and other combustion processes and their related air pollution control devices monitored to ensure operation at peak efficiency?

· Is employee commuting minimized by job sharing, telecommuting and similar programs?

Matrix Element 6,1

Facility Activity: Facility Refurbishment, Closure or Transfer

Environmental Concern: Ecological Impacts

· Will activities necessary to refurbish, close, or transfer the facility to alternate uses cause any ecological impacts, and if so, has planning been done to minimize such impacts?

· When refurbishment, closure or transfer activities are undertaken, can the materials required be supplied, and the materials surplused be recycled, with a minimum of ecological impact?

· When refurbishment, closure or transfer activities are undertaken, can the materials required be supplied, and the materials surplused be recycled, with a minimum of ecological impact?

· Has a “facility life extension” review been undertaken to optimize the life and service of the existing facility, therefore minimizing the need to construct new “greenfield” facilities with their attendant environment impacts?

Matrix Element 6,2

Facility Activity: Facility Refurbishment, Closure or Transfer

Environmental Concern: Energy Use

· Can the facility be closed or transferred with a minimum expenditure of energy (including any necessary site clean-up and decontamination)?

· Can the facility be modernized, and converted to other uses easily?

· When the facility is refurbished, closed or transferred, has it been designed, and are plans in place, to recapture as much of the energy embedded in it as possible?

Matrix 6,3

Facility Activity: Facility Refurbishment, Closure or Transfer

Environmental Concern: Solid Residues

· Can the facility be refurbished, closed or transferred with a minimum generation of solid residues, including those generated by any necessary site clean-up and decontamination?

· At closure, can the materials in the facility, including all structural material and capital stock remaining at closure, be reused or recycled with a minimal generation of solid residues?

· Have plans been made to minimize the toxicity of, and exposures to, any solid residues resulting from clean-up and decontamination of the facility and its envions upon refurbishment, transfer or closure of the facility?

Matrix Element 6,4

Facility Activity: Facility Refurbishment, Closure or Transfer

Environmental Concern: Liquid Residues

· Can the facility be refurbished, closed or transferred with a minimum generation of liquid residues, including those generated by any necessary site clean-up and decontamination?

· At closure, can the materials in the facility, including all structural material and capital stock remaining at closure, be reused or recycled with a minimum generation of liquid residues?

· Have plans been made to minimize the toxicity of, and exposures to, any liquid residues resulting from clean-up and decontamination of the facility and its environs upon refurbishment, transfer or closure of the facility?

Matrix Element 6,5

Facility Activity: Facility Refurbishment, Closure or Transfer

Environmental Concern: Gaseous Residues

· Can the facility be refurbished, closed or transferred with a minimum generation of gaseous residues, including those generated by any necessary site clean-up and decontamination??

· At closure, can the materials in the facility, including all structural material and capital stock remaining at closure, be reused or recycled with a minimal generation of gaseous residues?

· Have plans been made to minimize the toxicity of, and exposures to, any gaseous residues resulting from clean-up and decontamination of the facility and its environs upon refurbishment, transfer or closure of the facility?

This new application of Design for Environment is still evolving. Perhaps your EIP design team could improve your decision processes while participating in the creation of valuable new tools. Similar matrices and question sets could be developed for EIP site design and physical infrastructure or even non-tangible components like forming of Covenants, Conditions, and Restrictions for the property

High Performance, Socio-Technical Systems, and Viable Systems

In Chapter 10 we suggested that Socio-Technical Systems (STS) methods could be very valuable to plant design teams. In Chapter 10 we outlined EIP management functions in terms of the Viable System Model (VSM). The following overview of the two methods discusses the strong synergy between them in creating high performance, total quality organizations. 

Major corporations in North America and Europe have applied STS methods to engage line employees in the design of manufacturing operations.
 Applications include the design of new industrial facilities (greenfield plants), where design of the total work process is tightly integrated with design of the physical plant. The result is a high performance system, optimizing both social and technical design. STS design methods easily incorporate environmental performance objectives and goals into standard practice. 

Integrating the two methods in the design and management of EIPs could contribute strongly to a project's economic and environmental performance. 

 VSM x STS = Structure for Total Quality Management

By Allenna Leonard and Ernest Lowe, Viable Systems International ©1991

Introduction

This paper offers preliminary insights into the synergy between The Viable System Model and Socio-Technical Systems in support of Total Quality Management. It is based on working together with the partners of STS Associates (Carolyn Ordowich, Audrey Bean and Andre Montclair) in a week-long seminar on change management and a joint presentation in the first ICOD/Goal-QPC TQM conference. 

In Japan Total Quality Management operates through a systemic view of the organization, closely linked internally and with its customers and suppliers. In North America TQM often operates as a grab bag of tools applied piecemeal in a traditional fragmented management structure. In some companies it competes with other change initiatives as one more special function. The quality effort may be poorly integrated with the strategic planning process. The challenge in such companies is to align TQM with a systemic view grounded in our own culture. 

Together, Socio-Technical Systems (STS) and the Viable System Model (VSM) offer American companies a chance to match and possibly surpass Japanese management's holistic approach to TQM. 

· Both look at organizations as living whole systems of closely related sub-systems. 

· They strongly emphasize building autonomy and self-management into operations, placing decision-making close to the action. 

· Both create close ties to the environment of the organization. 

· Both emphasize design of strong feedback loops to insure that each level of the system remains self-regulating. 

The two technologies, in team, offer a deep foundation for managing TQM as a transformation of the whole organization.

Socio-Technical Systems contribution to total quality 

STS focuses most strongly on detailed design of the value producing operating units of the organization‑the stream of work creating goods and services for the business environment. 

This technology includes powerful methods for design of inter-related social and technical systems of production that insure both high product quality and quality of work life. 

STS variance control sets a systemic context for applying classic TQM tools in the realm of daily process control. 

The environmental scan is a potent STS tool that supports the VSM development function. A scan is executed by a team drawn from a diagonal slice of the organization to survey the company as a whole in its business environment. The scan helps use the voice of the customer to guide the work design process. 

Variance control and self-management

A strong feature of STS work design, central to total quality, is the identification and control of variances. A variance is a deviation from standard that has an impact on the quality of final output. Variances need to be controlled as close to their sources as possible. A work group responsible for its own testing, for example, assures that its outputs to the next stage meet quality requirements. As workers at each stage receive quality goods, any variances will be ones they can address in their own process. 

A work process designed to control variances at the source implies consideration of the boundaries between the stages of the process. STS enables workers to create meaningful boundaries so that responsibilities do not overlap, all relevant information is close to hand, and changes and coordination can take place within the work team. Such work design requires substantially less managerial oversight. 

Self-managing operating units responsible for any given output need similar responsibility for the way they use resources and the flow and timing of needed materials. STS design aims for this level of work authority in the production team. 

STS principles of organization design provide a powerful basis for total quality. 

For instance, the principle of compatibility demands that people in an organization 'walk the talk'. If a philosophy of continuous improvement and participation is to be introduced on the shop floor, this must be done with real worker participation, not by command. 

The principle of Minimal Critical Specification calls for management to specify output goals and get out of the way. Give the people who do the work ample room to design the means of achieving the goals. 

Another principle, Bridging the Transition, acknowledges stresses and dislocations likely in any change process. When going through work re-design, teams must have some respite from tight production quotas and other usual demands. (The VSM supports these and all other STS principles.)

The worker involvement in all work design processes enabled by STS results in a powerful commitment to total quality on the shop floor. The design of jobs itself is done with quality in mind. Units are designed to be multi-functional, to make work more challenging, and to allow workers to develop a larger skill base. Quality products are a natural output from workers whose roles and responsibilities have been defined with as much consideration as is given to technical factors such as plant layout and machine integration. 

The Viable System Model contribution to total quality

The VSM complements STS by designing management roles, responsibilities and processes so they naturally support self-managing work teams. (It's distinctions also inform the structuring of self-managing work teams themselves.) 

This technology provides explicit work design at middle and upper levels of organizations‑a process that creates a dynamic infrastructure for integrating all other streams of change with the total quality effort.  It enables the organization to evaluate and select proposed quality and change initiatives in terms of corporate identity and culture. Such a change management organization consciously balances change with the stability needed to maintain viability in day-to-day operations. The VSM also offers powerful techniques for designing robust communication channels internally and between the organization and its environment. 

The Viable System Model identifies five basic functions existing in any successful organization. These distinctions support change management and total quality in the following ways: 

Operating units (System 1) create value for the environment, producing the goods and services that it delivers to customers. This is the level of organization where  daily process control tools of TQM are applied. It is also the prime focus for STS design of the core process, self-managing work teams, and variance control. Each self-contained operating unit is itself organized in terms of these five basic VSM functions. 

(We describe this as "Operate the Production Units" in Chapter 10.)

The coordinating function (System 2) supports operating units by smoothing their demands on common resources, and communicating and monitoring standards that apply across all units. Many basic administrative functions are found here. Once quality breakthroughs are achieved, this function insures their conversion into operating standards. 

(This is "Coordinate Administrative and Support Functions" in Chapter 10.))

The synergy function (System 3) supports day to day operations with the aim of multiplying their combined output through creative allocation of common resources. This function plays a central, stabilizing role in the Change Management Organization. When managers are wearing this hat, they must assess the feasibility of proposed quality or change initiatives, with input from their operating units. This is the VSM system that provides the cross-functional management called for in TQM. The focus here on the viability of present operations provides an essential counter-balance to the drive for change emerging from the development function. 

(We title this "Manage the Present Operations of the EIP" in Chapter 10.)
The audit function (System 3*) conducts sporadic inquiries into operations to investigate either negative or positive variances. Why is one operating unit surpassing quality targets? Is worker morale being undermined by too many change initiatives? Management, worker teams, or external consultants may carry out such audits.

(This is "Audit EIP Operations" in Chapter 10.)

The development or change function (System 4) creates the future of the organization, scanning for trends and surprises in its total business environment. When performing this function managers are evaluating both the changes imposed by the environment (new regulations, shifts in competitive situation) and the methods of change that will enable the company to continue adapting and evolving (TQM, STS, new manufacturing technologies, just in time supply, concurrent engineering). A basic, often neglected, need here is to coordinate all change initiatives to build a coherent, synergistic change effort. Total Quality is the strongest focus for organization wide change and it should inform strategic planning, human resource development, and the basic design of organizational structure. 

In Chapter 10, we describe the task as, "Assure the Future Viability of the EIP".)
People in the development and synergy functions, Systems 3 and 4,must maintain an intense dialogue to keep balance between the short-term and long-term interests of the organization as a whole.

The coherence function (System 5) sustains and evolves the identity and culture of the company. Ideally people fulfilling this responsibility reflect all stakeholders in the organization. Change initiatives proposed by the development function are evaluated here against the basic identity of the organization as a whole. Does a particular approach to total quality match our principles and values? Does our reward system support our personnel in making the changes demanded? And, most important, are we maintaining a viable balance between change and stability as we transform. System 5 intervenes, when needed, in the dialogue between the future and present functions to bring closure.

(We title this function "Maintain the Community of Companies" in Chapter 10.) 

Six distinct internal communication channels connect these functions. Operations and the Development Function have direct channels to the relevant business environments. Communications may also flow from one part of the organization, through the environment, to another part.

Each operating unit is itself a viable system, with the full set of functions and channels active within it. This nesting of the full model within System 1 operations (called recursion) provides a coherent picture of an organization across levels. The explicit design of communication channels supports rapid movement of information concerning the quality effort throughout the company: as in the TQM catchball process. A company's balance and clarity in performing these functions is fundamental to total quality management. 

Conclusion

Applied separately, Socio-Technical Systems and the Viable System Model offer powerful support to achieving total quality in an organization. The combination of the two methods offers a unique synergy. Together they fill major gaps in present TQM practice: 

· Strengthening horizontal and vertical management; 

· Clarifying channels of communication within a company and with its environment; 

· Creating high performance work design for self-managing workers and management alike. 

This synergy can make a notable contribution to focusing a whole company (and its various change initiatives) around a core identity of full commitment to total quality.
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Plant Surveys

A very comprehensive survey form can be downloaded from the web site for Triangle Joint Council of Governments (TJCOG) a by-product exchange project in North Carolina, US. This also  offers extensive documentation on mapping of existing exchange patterns, and an extensive project report. The Triangle Joint Council of Governments in surveyed material by-products available in a six county area of North Carolina and built a geographic information system with the resulting data. www.tjcog.dst.nc.us
Plant Survey Form Used in 1995 Brownsville Case Study

Our project team used this form in initial screening of plants for the Brownsville case study that focused on by-product exchange. It may suggest useful questions to begin exploring the potential for creating a network of by-product exchanges. A next step would require a more detailed level of inquiry, including questions about energy efficiency, pollution prevention, and management of environmental performance.

Introduction

The residents of Brownsville, Texas and Matamoros, Mexico are currently engaged in an important experiment in the application of a new strategy for organizing business relationships. This new strategy, based on the principles of industrial ecology, can be profitable for the businesses involved because it develops markets for byproducts. By turning a waste into a source of revenue, the application of industrial ecology can improve the environmental performance of businesses while also improving their bottom line. Similarly, by taking advantage of the opportunity to add value to the manufacturing in the Brownsville/Matamoros area, the application of industrial ecology can stimulate entrepreneurial business development. These new businesses would serve as brokers and technical linkages, enabling the existing business to take full advantage of the potential benefits of industrial ecology.

There are three major types of inputs and outputs that must be analyzed to determine what applications of industrial ecology might be viable in a specific instance: water, energy, and other materials. Companies may be able to use wastewater from other companies when the requirements for purity and temperature “match up” between the potential supplier and the potential user. Similarly, energy cascading might be possible when waste heat from one company is created at a temperature similar to what is needed by a proximate company. Materials exchange is often possible when the byproducts of one company are of sufficient quantity and quality to be substituted for a virgin material currently being used by another company. These three waste streams in any company - water, energy, and materials - could represent potential profit that is not being exploited. The accompanying document provides concrete examples of how some companies in Kalundborg, Denmark are applying “industrial symbiosis” to take advantage of that profit potential.

The purpose of this interview is to conduct a preliminary assessment of the potential for incorporating your firm in a prototype application of industrial ecology in the Brownsville/Matamoros area. Your cooperation will help us to determine how your plant’s production process might benefit through cooperation with other companies in the area. Once we determine, through analysis of preliminary information on a number of plants, that your plant might fit in such a plan, we will, with your permission, work with one of your plant engineers or plant managers to work out the technical details.

Preliminary Information

1. What products are produced at this plant, in approximate order of value?
Rank
Product Description
SIC Code 
(if known)

1.



2.



3.



4.



5.



6.



2. What are the top 10 materials (by value) used by your company in producing these products? Note: Be as descriptive as possible. Note any technical requirements (i.e. water temperature or purity, form of material, etc.) offered by the interviewee.

Rank
Material Description


1.


2.


3.


4.


5.


6.


7.


10.


3. Is your production process particularly water-intensive or energy intensive?

4. What is your source of water?

5. What is your source of energy? 

6. What byproducts are produced as a result of the manufacturing process? 

Note: include byproducts that are disposed of as solid waste, are emitted into the air or water, or are recycled, either on premises or off-premises. If offered, pay special attention to describing the form the byproduct is in, i.e. purity of wastewater, form of solid waste.

Rank
Byproduct Description


1


2


3


4


5


6


7


8


9


10


7. How important is controlling the cost of environmental management and compliance to the competitiveness of your product?
(Note: These costs include: tipping fees for solid wastes; air, water, underground storage tank permits; hazardous waste transportation and storage permits, etc. and the time to do paperwork)
Below are some suggested choices to give the interviewees: 

Very important - Cost containment in this area is essential to our competitiveness

Important - We aggressively seek ways to control these cost

Not particularly important - We would like to control these costs, but other components of cost have a much higher priority

Not important at all - Our environmental costs are so small we give them little consideration

8. Would you be interested in participating in a project that might help you find ways to purchase inputs more cheaply, generate revenues from your byproducts, or reduce your environmental management and compliance costs? 

9. If so, is there an engineer or plant manager who would be helpful in working out the more technical aspects of such an arrangement, including estimation of cost implications? 

______________________________________________________________

Additional data to gather::

In designing a plant survey for your project you may find it useful to also include questions about energy wastes that could be re-used in the plant or by neighboring facilities, energy needs that might be met by outputs from other firms, and other opportunties for increasing the efficiency of energy use. Has there been an energy audit of the facility? 

Other useful questions include: To what extent are employees aware of and practicing pollution prevention measures? How are environmental and energy issues integrated into the plant's management structure? 

Martin, Sheila et al. 1995. Developing an Eco-Industrial Park: Supporting Research, Volume 1, Final Report, Research Triangle Institute Project Number 6050, Research Triangle Park, NC. Includes a case study and papers on regulations and technologies, all focused on by-product exchange. To order write RTI Information Services, POB 12194, Research Triangle Park, NC 27709. Summary available on the web: http://www.rti.org/units/ssid/cer/parks.cfm 

A Sampling of By-Product Exchanges 

We offer several lists of industrial by-product trades developed by businesses, both spontaneously and as the result of an organized effort. It is useful to browse such lists to find viable reuse and recycling opportunities for industrial by-products. 

Examples of by-product utilization from the Philippines

PRIME Project staff created this listing in 1999, based upon the materials exchange developed by the a Philippine business and environment NGO. 

Supreme Baby Wear Inc. (SBWI)

SBWI is a 100 percent clothing exporter whose main market is the US. Its product lines include children and infant’s wear, ladies’ dresses, men’s cotton trousers, jackets and shorts. The company has received one of the highest factory evaluation ratings from J.C. Penney, its number one customer.

SBWI generates 300 kg of scrap textiles a day. SBWI gives the scrap textiles for free as a source of livelihood for the relocated squatters of the resettlement program of the Pasig River Rehabilitation Program (PRRP). A major component of the PRRP is the relocation of the squatter communities living along the riverbanks. By giving the PRRP resettlement program their scrap textiles, SBWI has not only found an alternative to the landfilling of their waste but is also helping the families rebuild their lives. SBWI now saves P3,000 a month it used to dish out for getting the scraps hauled to a landfill. PRRP has ceased shelling out P24,000 a month for buying 3,000 kilos of scrap textiles priced at P8 per kilo.

Republic Asahi Glass Corp. (RGAC) and Antiques As Accents (AAA)

Republic Asahi Glass Corp, a joint venture of Republic Glass Corp. and Asahi Glass Corp., is a manufacturer of flat glass in the Philippines. RAGC uses raw materials such as silica sand, soda ash, salt cake, dolomite, limestone, and feldspar. To minimize costs, RAGC also uses glass cullets in its production processes. Glass cullets are scrap glass generated mainly by manufacturers of incandescent and fluorescent lamps. RGAC requires 300 tons of glass cullets per month. 

Antiques As Accessories or AAA, on the other hand, manufactures and exports mirrors and other glass products. The company generates waste glass sheets during production at a rate of 2-3 jeeploads per week. Initially, the total quantity of glass sheets supplied by AAA to RAGC is five jeeploads. Every week, sometimes twice a week, AAA collects and hauls what they once considered as wastes. The total volume collected has already reached three tons.

Another firm, the Philippine Electrical Manufacturing Company (PEMCO), provides RAGC’s glass cullet requirements of 300 tons per month.

Texas Instruments Phils., Inc. and Bacnotan Cement

Texas Instruments Philippines, Inc. operating at the Philippine Export Zone Authority in Baguio City, is a manufacturer of integrated circuits. It generates a significant amount of mold runner wastes, including thermoplastic materials. These have a heating value of up to 1,500 kcal/kg and contain 60% ash by weight.

On the average, Texas Instruments produces around 20 tons of mold runners per month. These mold runners usually end up in a landfill inside the company’s compound. Realizing the limited space the company has, Texas Instruments expressed its need to dispose the mold runners. Bacnotan Cement Corp. responded to the call.

Mold runner waste possesses certain characteristics that make it a good cement additive. Mold runner has high heating value, grindability, ignition temperature, ash content, and density. 

A group of researchers from Texas Instruments and Bacnotan Cement has made a study to find out the exact ratio of the mold runners that will be introduced to the system such that the resulting cement will not be of inferior quality. The finding was that if they introduced the mold runners at a rate of only 1% by weight, the quality of the resulting cement will not be affected at all.

Pacific Glass Products Manufacturing Corp. and Arms Corp. of the Philippines (Armscor)
Formerly known as Pacific Enamel and Glass Manufacturing Corporation, Pacific Glass is primarily involved in manufacturing glass bottles. Its glass-melting furnace has a production capacity of 90 MT/day. 

Armscor on the other hand, formerly under the Squires Bingham Manufacturing Co., is a maker of quality firearms and ammunition. Armscor generates a lot of sawdust in the manufacturing gun stocks. Pacific Glass, meanwhile, regularly uses large quantities of sawdust in cleaning up oil spillage in its bottle-forming section and fuel oil delivery area.

Armscor used to solve the problem of disposing sawdust by paying haulers to dump the waste to landfills. The previous problem of Pacific Glass was where to get enough supply of sawdust on a regular basis. It used to buy sawdust at P4-P5 from a supplier. Now, they’re getting it for free. It collects the waste from Armscor’s plant in Marikina, collecting a total of 200 sacks.

Sterling Products International Inc.

Sterling Products International Inc. is a manufacturer of pharmaceutical and consumer products. The company shows its commitment to environmental protection in several ways. Sterling has succeeded in recovering waste heat generated by its 40-hp air conditioning system. This heat is used to supply the hot water needed by the company’s canteen and boiler stations. 

As part of its solid waste, used steel drums are donated to the Clean and Green Foundation which uses the drums as garbage cans. About 300 pieces of used steel drums are generated every month. These drums come from deliveries of glucose, a raw material used by the company in making its products. Since glucose is a non-toxic and non-hazardous substance, the drums used to store it are not corroded and not contaminated in any way by any harmful chemical. 

These waste steel drums have also found a market in Hoechst Philippines, Inc. A multinational company, Hoechst manufactures pesticides, pharmaceutical products, surfactants and textile auxiliaries. On the average, Hoechst needs 200-500 steel drums per month. To meet this requirement, the company gathers the used steel drums from its other plants or buys from outside sources. The supply was often not enough. Hence, the acquisition from Sterling Philippines.

Sinclair Philippines and O.M. Manufacturing Phils. Inc. 

Sinclair Philippines produces heat-resistant paints for smokestacks and boilers, mildew-resistant paints for the handicraft industry, and coatings for the transportation industry. From its operations, Sinclair is able to collect around 50 pieces of used drums a month. These empty drums, which originally contained solvents, mineral oils, and other raw materials, take up precious space in the company’s manufacturing plant. 

O.M. Manufacturing is a registered recycler of solder waste, a material classified as toxic and hazardous under RA 6969. The company, which recovers tin and lead from solder waste, needs used drums as storage containers in its recycling process. It has acquired a total of 75 used drums from Sinclair.

Rhone-Poulenc Agro and San Miguel Packaging Products
Rhone Poulenc Agro Philippines, Inc. is a manufacturer and distributor of agricultural pesticides? The company decontaminates, collects, and segregates all broken glasses it has accumulated in the past two years. Collecting and recycling glass can help extend the life of landfills, reduce energy consumption by 25 percent, reduce air pollution by 20 percent, reduce mining wastes by as much as 80 percent, and save water use by 50 percent. 

For its part, Rhone Poulenc is able to collect a total of 2,008 kg of amber glass cullets, all of which are sold to the Manila Glass Plant of San Miguel Packaging Products (SMPP). The Manila Glass Plant uses glass cullets in manufacturing various glass bottles and containers. To broaden its cullets collection campaign and to maximize the use of its recycling technology, the company has already accredited a number of consolidators, whose job is to do the preliminary cleaning of the cullets before these are delivered to the plant.

Examples from Florida Power and Light

Scrap Wood as Fuel for Sugar Mills 

Scrap Porcelain and Concrete as Road Fill

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

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

Return of wire reels to manufacturers for reuse; 

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

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

Cleaning, granulizing, and sale of scrap PVC, polyethylene, and polycarbonate for reuse; 

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

Harvesting and sale of aluminum and copper wiring from surplus transformers; and 

Donation of usable wood poles to local farmers for fencing. 

1995 Distribution/Power Delivery Recycling Totals

Source: This list is from the By-Product Synergy Primer (1997) produced by the Business Council for Sustainable Development-Gulf of Mexico entitled "By-Product Synergy: A Strategy for Sustainable Development". The case study has been adapted for this site by Ron Duerksen IISD, 1998 with permission from the Business Council for Sustainable Development-Gulf of Mexico. http://iisd.ca/business/synergy.htm
Examples of by-product utilization from the early 90s.

The following are examples of waste exchanges grouped by industry type or waste exchanged.
 Scanning through these varied firm-to-firm flows of by-products may be useful to your team in identifying EIP recruitment candidates, once you know some of the materials needed by or available from companies in your park or region. 

Paper Mills and Cement Companies

Champion International, a paper mill located in Hamilton, Ohio, sells 100% of its sludge (120 tons wet or 60 tons dry) as well as 50 tons of boiler ash per day, to portland cement companies. Costs are $30-$35 per ton which is comparable to the cost of dumping it in a landfill. (Pollution Prevention Review, Vol2, No. 4, Autumn 1992, p.453.)

Chemical, Pharmaceuticals and Coatings Industries

DuPont now sells hexamethyleneimine (HMI), a former waste product to pharmaceuticals and coatings industries. (Global Business Network, “Industrial Ecology: An Environmental Agenda for Industry,” by Harden Tibbs.

Chemical Company and Fertilizer Company

Huntsman Chemical Co. sells some of its wastes to Harmony Products, Inc. Harmony is a producer of organic fertilizer (In Business, March/April 1993, p31)

Lumber

Natural Products Corp. of Shippensburg, PA gets 75% of its raw materials through waste exchanges. Natural Products obtains, free of charge, scrap lumber from Quaker Maid (Leesport, PA) and produces products such as potpourri and bird houses. The cost for Quaker are $350 less per load than dumping would be. (Biocycle, Nov. 1990, P. 58-59 and Wall Street Journal, August 2, 1991, p.A5)

A TV antenna manufacturer in Danville, IA previously disposed of 1,000 2X4’s each month until they found that they could send them to Design Engineering Management Co. who uses them to make shipping crates. (By-product and Waste Search Service (IA), 1994-5).

A pallet rebuilder and a nail gun maker have a mutually beneficial agreement. The nail gun maker gets scraps of wood for free from the pallet maker. It tests its nail guns on the scraps rather than on new wood, and then gives the scraps back to the pallet maker who burns the wood, and sells the nails as scrap metal (Garbage May/June 1991)

Sewage Sludge

Contra Costa Water District (Concord, CA) sends dried sludge to Port Costa Materials where it will be used in light weight concrete bricks. About 700 tons of sludge will be exchanged annually. (Biocycle, March 1991, p. 15)

Chemical and Petrochemical Industry

DuPont will use polyester waste to replace p-xylene for use in making dimethylteraphthalate (DMT). It is expected to cost $12 million to convert the production unit at Cape Fear, NC. The facility is expected to open in 1995, and will produce 100 million lbs/yr. of DMT and 30 million lbs/yr. of ethyl glycol. This will supply 10% of Dupont’s polyester intermediates needs. (Chem Week, April 6, 1994 and Chemical and Engineering News, April 4, 1994)

Mobil Chemical Company’s Joliet plant sells 22,000 gallons of styrene/ethylbenzene every 6 weeks to a recycler. Before, it cost Mobil over $1 per gallon to dispose of the wastes, but now they receive $.50 per gallon for it. (United Press International, April 24, 1989)

Lyondell Petrochemical Co. (Houston, TX) buys used lubricants from manufacturing plants, railroads, transportation fleets, and refines it to gasoline of a grade equal to that refined from crude. They started by recycling about 7.5 million gallons per year. This number is expected to rise to 30 million gal/yr. (Biocycle, May 1992, P. 80)

DuPont and Waste Management recycle plastics and produce resins to be used by DuPont as feedstock (Society for the Advancement of Management, June 22, 1992)

Ashland Chemical collects the ultra pure solvents it sells to semiconductor customers and then resells the used solvent to industrial customers. (Chemical Week, Aug. 1993)

Allied Chemical saved thousands of dollars when an exchange found a buyer for its alkali by-product (Chemical Week, May 16, 1984)

Witco sells/uses the “bottoms” left after production of detergent alkylate to companies that make high molecular weight sulfonates (Chemical Week, Feb. 4, 1981)

Unnamed company earns $300 each yr. by selling 1600 lbs of propylene glycol to another that saves $302 by buying it used (The Business Journal-Charlotte, Nov. 1, 1993)

Unnamed Co. bought 260,000 lbs of waste calcium oxide. It saved $10,400 and the seller gained $11,440 (The Business Journal-Charlotte, Nov. 1,)

Unnamed company that makes dashboards sold 4.1 tons of plastisol to a resin manufacturer (The Gazette (Montreal), Sept. 13, 1992)

Syntax Inc. in Springfield, MO, uses HBr in many processes. In 1993 they returned approximately 6.1 million gallons of used HBr to their supplier, for a total disposal savings of about $830,000 plus they gain revenue from resale of some of the HBr. They also sell 65 drums (55 gallons each) each quarter of acetic acid to a reclaimer. This results in a yearly savings of $260,000. (Nancy Luxton of Syntax, Inc.)

DuPont also markets dytek A, another waste from nylon production (Gannet News Service, Nov. 8, 1990)

DuPont sells acetonitrile ACE, a derivative of acrylonitrile (used in some DuPont fabrics) to pharmaceutical companies. It is also used in the production of agricultural chemicals (Gannet News Service, Nov. 8, 1990)

Clorox Co. sold 120 tons of cat litter that would have been waste, to humane societies and to state highway department to clean up oil on highways (Business Week, September 17, 1990)

Arco refinery saves $2 million each year by selling spent alumina catalysts to Allied Chemical

Metals Recovery

Horsehead Resource Development Co. (PA), buys waste from steel foundries, metal finishers, electroplaters, and zinc diecasters for use in its metal recovery kilns. (The Business journal-Charlotte, Nov. 1, 1993)

Parker Hannifan Corp. (Cleveland, OH) ships 8,800 gallons of sludge every 90 days to Encycle Texas, Inc.. a metal waste recycling company in Corpus Cristi, TX. This saves Parker Hannifan about $80,000 each year (Wall Street Journal, August 2, 1991, pA5)

A greeting card manufacturer sends metal contaminated nitric acid waste to a company that recovers the metals and reclaims the acid. This has reduced the card company’s waste handling costs by one-third (Ontario Waste Exchange)

British Steel sends leaded steel by-products to a secondary lead smelter about 50 miles away. They break even on the deal. (Process Engineering, March 22, 1993)

Wallboard Manufacturing

Northern Indiana Public Service Co.’s Bailly Station installed a sulfer dioxide scrubber that is 95% effective in cleaning SO2 from waste streams derived from burning coal. The sulfur is converted to gypsum, which is sold to a nearby wallboard manufacturing plant, owned by US Gypsum Co. (Power Engineering, Oct. 1992, p. 10)

Trendway of Holland, MI, sells left over fiberglass, vinyl film and scrap gypsum to other companies. The gypsum gets turned into cat litter and chemical spill cleaning products. Trendway saves about $40,000 per year in disposal costs of gypsum (Grand Rapids Business Journal, Oct. 28, 1991)

New England gypsum plant in Windsor, VT, uses sheetrock waste from a NYC company and makes it into cat litter and an oil absorbent drying agent (Vermont Business Magazine, Sept. 1991)

Aluminum Recycling

IMCO Recycling, Inc. has developed aluminum recycling technology that produces fertilizer as a by-product (Business and the Environment, June 1994, p. 12)

Aluminum anodizers save money by selling aluminum hydroxide filter cake and aluminum trihydrate crystal. About 3,000 tons per year have been diverted from landfills. These products are used as raw materials in the production of aluminum sulfate (alum). This saves the alum producer purchasing costs, the anodizer saves on disposal costs, and it generates less waste than bauxite (the material replaced by this reuse). (Ontario Waste Exchange)

In Shandong, China, red/brown mud, a waste from alumina production at an aluminum plant is mixed with fly ash from a nearby coal-fired power station, and used to make bricks. Other potential uses for the red/brown mud include road construction and ceramics, cement, rubber and paint production and as a soil additive for agriculture (From Ideas to Action: Business and Sustainable Development, by Willums and Goluke, p. 182)

Aluminum Waste Technologies, Inc. uses dross, a by-product of secondary aluminum smelting to make fine aluminum oxide, salts, and nonmetallic products. They use 160 tons of dross each day. (Biocycle, April 1994)

Eastalco Aluminum Co. of Frederick, MD sells flourspar, a powdery grey chemical waste from aluminum smelting to an industrial firm in Pittsburgh. It used to cost them $70 per ton to dump it, now they get $20 per ton for selling it. (Chicago Tribune, July 26, 1992)

Iron Foundries and Asphalt/Cement Companies

Ten iron foundries in Ontario are considering selling moulding sand to asphalt companies. It would be screened and washed and shipped to the asphalt companies. It would cost the foundries anywhere from $10-$40 per ton less than dumping it in a landfill (MacLean Hunter Ltd. (Canada) 1990, Canadian Machinery and Metalworking).

Blackhawk Foundry sells its waste sand to a local portland cement company. (American Foundryman’s Society 1989. Modern Casting, October 1989).

Hickson and Welch of Castleford (England?) sell 80 tons of iron oxide each week to a cement company (Process Engineering, Mar 22, 1993)

Food Waste

In Minnesota, restaurant food waste is delivered to pigs (Minneapolis-St. Paul CityBusiness, July 31, 1992)

Bakery leftovers sold to animal food makers (Financial Times, Mar. 20, 1991)

Sioux-Preme Packing Co. (Sioux Center, IA) sends 5,000 lbs of hog hair each day to Boyer Valley in Denison, IA. The hair is processed into a powdery substance, and added to livestock feed to serve as a nondigestable protein. Saves about $500-$600 per month in disposal fees (Choose to Reuse, By-product and Waste Search Service (IA), 1993-4.

Acids and Bases

Unnamed pickle factory sells its waste brine solution to textile plant as a replacement for virgin acetic acid (Pollution Prevention Review, Vol. 1, No. 1, Winter 1990/91, p. 22)

Collis Tool Corp. generates black oxide sludge in their tool manufacturing operations. The sludge which is a base is used to neutralize an acidic material generated by a nearby manufacturer. This saves about $7,000 per year (By-product and Waste Search Service (IA), 1994-5).

GE Aircraft, Rutland, Vt, uses a high purity acid to etch metal to very specific tolerances. When it is no longer pure enough, the acid is sent to a nearby GE facility where it is used to wash engine parts (Pollution Prevention Review, Vol. 4, No.1, Winter 1993/94, p 57)

Film

Unnamed X-Ray manufacturer flakes and bales waste polyester coated film then sells it to another firm. Sells about 20 million lbs/yr., and saves $200,000 in collection fees, and revenues from former waste film are $150,000 per year. (Pollution Prevention Review, Vol. 1, No. 1, Winter 1990/91, p. 23)
Textiles

Unnamed textile manufacturer sold 900,000 lbs of waste for $9,000 plus saved $5,000 in dumping fees (The Business Journal-Charlotte, Nov. 1, 1993)

Cotton lint from a diaper service is delivered to paper making classes (Minneapolis-St. Paul City Business, July 31, 1992)

Universities

A pharmaceutical company gave 700 kg of pancreatic lipase enzyme to a university. Company saved $2750 in disposal fees, and the university saved $54,000 purchasing cost (Ontario Waste Exchange)

In MN, Surplus water treatment chemicals from a sewage plant are delivered to a university chemical lab (Minneapolis-St. Paul CityBusiness, July 31, 1992)

Solvent Recovery

A control valve manufacturer saves $21,000 a year by sending paint sludge waste to four different companies who reclaim the solvent from the sludge (Ontario Waste Exchange)

Planar Systems of Beaverton, OR, sells leftover isopropyl alcohol from its production of computer screens to Western Foundry of Tigard, OR which uses it to clean casts for steel products. Planar saves $300 per drum on isopropyl alcohol that it does not dispose of in a landfill (Chicago Tribune, July 26, 1992)

Audubon Society House: Sustainable Design and Construction

The National Audubon Society’s renovation of a 19th century building for its headquarters put sustainable design and construction principles into practice.

The project enhanced energy efficiency, indoor air quality, pollution avoidance, solid waste management, water conservation, light quality, and thermal comfort. This was accomplished with substantial savings and an improved relationship with the natural environment--in the heart of New York City!

Project architects and designers used an integrated approach that relied on the cumulative effect of no-cost or low cost design solutions, in tandem with advanced technologies. The design team purchased only readily available “off-the-shelf” products and materials to ensure economic and environmental performance.

Retrofitting an existing building cost the environmental group $24 million versus new construction that would have cost $33 million. Operating costs are about $100,000 a year less than costs would be in a building that merely complied with code.

Economics, however, only begin to suggest the quality the Audubon House achieved. The goal of the planners and designers was to produce a “staff rejuvenated by their workplace instead of repelled by it.” The Audubon design team made decisions throughout the project based on user comfort and well-being.

Architects designed natural lighting and ventilation into the building: large floor-to-ceiling windows fill offices with sunlight, while operable windows allow fresh breezes. Builders installed material that helped guarantee good indoor air quality.

The design team mandated contractors to recycle construction wastes and to use recycled building materials with post-consumer content. Countertops are made from recycled detergent bottles, while floor tiles are composed of recycled light bulbs.

The project continues innovation in the day-to-day operations with long-term waste management and energy operational changes.

Audubon has a goal of recycling 80 percent of office wastes generated. Four recycling chutes (for mixed paper, aluminum cans, plastic bottles and food wastes) run the length of the building from the eighth floor to the sub-basement recycling room.

Designers boosted operational energy efficiency by using computer modeling. The Audubon design team used DOE-2, a computer software program developed by the U.S. Department of Energy, to demonstrate how cost-effective, energy saving design could perform far beyond code. The Audubon House now consumes 62 percent less energy than would a code-compliant building.

The design team used a standard five-year payback formula for all energy-related systems. Photovoltaic cells (which convert sunlight to electricity) were ruled out as an energy source, for instance, because payback in the New York climate was determined to be about 10 years.

The Audubon design team had to make compromises to reach completion: builders installed non-recycled flooring in one section of the building because of structural weakness; safety concerns forced the installation of carpeting with toxic glues on staircases (versus tacking carpets). The design team realized from the outset, however, such individual compromises are necessary to achieve a greater goal--what is called a “90 percent solution.”

Designers, architects, builders and contractors spent more time than usual in education and integration of their working group. The project team, however, believes this higher level of integration across professions will become standard practice.

(Based on--Audubon House, National Audubon Society, Croxton Collaborative, Architects; John Wiley & Sons, Inc.: New York, 1994. ISBN 0-471-02496-1)

� A few of these companies include Hoescht-Cellanese, Volkswagon Canada, Esso Canada, and Proctor and Gamble.


� This list was compiled by Nicholas Gertler, Graduate Student at MIT, from recent publications and waste exchange networks.
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