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Introduction

Environmental management is becoming an agenda item in boardrooms as executives begin to understand the potential strategic implications of the topic. Pressures for greater responsiveness to pollution, community health, resource sustainability, and worker safety are growing from non-governmental organizations (NGOs), customers, shareholders, communities, and government regulators. However, many executives that we have spoken with are grappling with issues surrounding the ecological environment, and they are often confused about the timing and direction of environmental management decisions (see Ehrenfeld, 2005 for a concise discussion of the sources of this confusion). Hearing such stories repeatedly has spurred us to investigate these issues further. Our initial conclusions: executives have a right to be confused. 

Many articles have detailed the ever increasing regulatory, competitive and market pressures to improve environmental performance. Yet, simultaneously a debate still bubbles over the linkage between environmental and economic performance. We believe that this debate is quickly becoming a managerial distraction. While many argue over the merits of trying to simultaneously attain high levels of ecological and economic performance, others are doing it. The empirical evidence, while not wholly conclusive, strongly suggests that it can pay to be green. However, we would also argue that the existence of continued debate is driven by the unknown; managers do not have good models of how to use prevention as a means to gain competitive advantage. In an effort to move the debate on environmental performance forward, we have developed a model of a pollution prevention capability. We believe that this model will help managers shift from discussing if environmental performance pays economic benefits to actively implementing a specific type of environmental strategy, pollution prevention, for competitive advantage. We conclude by suggesting several guideposts useful for reorienting managerial thinking about pollution prevention and providing several fundamental concepts to help managers build pollution prevention programs. 
Systemic Pressures for Environmental Action: Why the "if" argument is irrelevant
 
Managers and academics who are busy arguing over the efficacy of environmental investments are likely wasting their time: greening is going to be an important part of every company’s tool kit in the near-term future, regardless of the average returns from these efforts. Changes in government regulation, customer (and other stakeholder) expectations, and finally competitive pressure are all likely to push firms toward prevention. Many managers are still spending time and money arguing if pollution prevention will provide positive returns rather than actively preparing to build pollution prevention capabilities.  These managers are unwilling to fully acknowledge the threats that create systemic pressures for environmental action (see sidebar #1 – Five Myths) and thus are putting their financial and human capital at risk.  Shrill words?  Perhaps. But, closer examination is certainly warranted.  
Consider these issues from a historical perspective.  Think back to the Total Quality Management movement. When the quality revolution started, books such as Quality is Free by Phillip Crosby (1979) were considered by many to be revolutionary and by some, heretical. The approach championed by Crosby and others prescribed radical changes in how organizations managed operations. The fundamentals of quality eventually seeped upwards from their roots on the shop floor into the strategic planning process and the top echelons of the firm. Many top managers resisted, firmly believing that “Japanese” methods would never work in “their” plants. Eventually, these skeptics were confronted with a preponderance of evidence that improved quality was indeed possible outside of Japan. Pressured by intense global competition, it became clear to most that any firm could eventually create nearly defect-free outputs, profitably. Today, less than 25 years after Quality is Free was first published, it is taken as a universal strategic truth that poor quality is equated with high costs. The dominant logic about the costs and benefits of quality was turned upside down. 
There is a similar revolution in the area of pollution prevention and sustainable business underway. Our field research suggests that, at the moment, many top managers do not believe that environmentally sustainable operations and profitability are simultaneously achievable. Yet, we have evidence suggesting that strategic decisions involving significant investments in pollution prevention are increasingly, pathways to competitive advantage. We believe that, in the boardroom, we are witnessing the initial turn of our dominant logic about the strategic costs and benefits of environmental sustainability. At first glance, this early reticence by most to invest seems like the same skepticism that faced Toyota, when its management first recognized the power of being defect-free producers and leveraged that power into superior financial performance. 




What to do about this? The five myths outlined in the sidebar above suggest that managers need to respond to systematic pressures for environmental action by implementing pollution prevention policies, techniques, and processes. The essential question now lies in offering real guidance on how to build organizational capabilities that will create and sustain pollution prevention activities, something we term a ‘pollution prevention-based capability’.
In our field interviews, we saw two important issues that pushed us toward the conclusion that managers should be thinking about ‘when’ rather than ‘if’ pollution prevention capabilities need to be developed, and both issues are intertwined with innovation.  First, managers still struggle to recognize opportunities for pollution prevention within the value network.  Managers are, by necessity, struggling with managing cost and delivery pressures.  The ability to think proactively is still constrained by short-term, quarter-by-quarter thinking and a focus on a narrow set of financial outcome measures that revolve around investors.  Second, even when managers see opportunities, they face another set of struggles in moving an entire organization to respond to these opportunities by developing new products and processes that are oriented around pollution prevention.

As Clayton Christensen describes, many executives struggle to recognize high-impact technologies and innovations. This recognition process has both strategic and tactical implications. Strategically, executives must be able to understand whether an innovation will allow their company to continue on its current path of product and process performance, or whether the innovation will disrupt what its customers see as the relevant performance metrics. In Christensen’s terminology, technologies that continue on the current performance path are sustaining technologies, while those that fundamentally alter the performance path are disruptive technologies. 
In terms of the ability to respond, again the similarities between the quality movement and the nascent sustainability movement make for interesting comparison.  Many have noted that the capabilities needed to successfully create a quality/variance reduction culture are similar to those needed to be green and profitable (Curkovic et al., 2000).  Focusing on quality has driven managers to take both incremental steps and radical leaps in developing products, processes, and services.  During the 1970s, it is well documented that Japanese automakers followed Deming and Juran’s prescriptions and made both incremental and radical changes in their manufacturing, purchasing, inventory, and logistics processes.  During the 1980s and 1990s North American automotive manufacturers responded by making numerous small improvements in manufacturing processes but also had to make radical leaps in supply chain management.  It was only by pursuing multiple types of innovation that both that the North American firms were able to come close to catching up with Japanese rivals.  
The advocates of a strong linkage between quality and environmental performance are focused on the importance of prevention in both quality and environmental initiatives. The logical end of this connection suggests that the ability to prevent quality problems is then a strong foundation for the prevention of other forms of waste, including pollution.  The quality component suggests continuous improvement – making a series of minor adjustments to processes on a regular basis.  However, a continuous improvement-based capability will, in and of itself, not be sufficient to create long-term competitive advantage via pollution prevention.

Why not?  Existing approaches to continuous improvement-based capabilities fall short of providing guidance for developing pollution prevention capabilities because continuous improvement is limited. Walley and Whitehead (1995) noted that there are diminishing returns to most greening efforts. Interestingly, Hart (1995) concluded that continuous improvement in pollution prevention has diminishing returns, unless there is innovation in the product or process. Looking at these two arguments side-by-side, it is reasonable to assume that the phenomena described by Walley and Whitehead was not hard evidence of the limitations of a green strategy, but rather the limitations of a green strategy that did not eventually include innovation. 

Pollution prevention then cannot be entirely premised on continuous improvement. At some point a process or set of processes will hit the productivity frontier and it will no longer be possible to reduce environmental impacts and maintain or increase profitability (see Christmann, 1995 for a thorough discussion). 
How does this impact the “if” vs. “when” argument? Because disrupting technologies fundamentally alter the definition of product performance, new definitions of performance will include metrics related to sustainability and the natural environment. We argue that this will impact the competitive position and ensuing performance of the firm, making the “if” question moot.  This is important because companies that are effective at making incremental improvements often find it difficult to radically change products or processes, and vice versa.  Companies become tied into a pattern of innovation and are rarely able to shift back and forth between incremental improvement and radical change. The rigidities that challenge firms to do both impact the company’s ability make the tactical product and process changes necessary to meet changing customer performance requirements. 
In short, both the risks and returns from developing pollution prevention capabilities should now be evident. Executives should see that “when” rather than “if” a pollution prevention strategy should be pursued is the correct question. Nonetheless, “how” to go about this is not so clear.  We will argue that innovation is critical, and this should be obvious at first glance.  However, the underlying complexities are enormous, since innovation is not a single idea, but rather a multidimensional construct bridging people, technology, facilities, and business processes.  We will argue that innovation in the context of pollution prevention requires unique executive vision and a diverse set of tactical skills, with inherent challenges and opportunities to recognize and respond using both sustaining and disruptive innovation.  We suggest that rethinking performance is the starting point for developing a pollution prevention capability.  We will come back and address the questions of innovation processes later in the paper. 

Rethinking Performance

A proper understanding of a prevention capability requires an expansion of management’s conception of performance. This change in conception is in some ways similar to what happened during the quality revolution – rather than focus mainly on short term economic performance, managers with a prevention mindset must examine the life-cycle costs of their product and process decisions. A product with high profit margins that also creates large volumes of pollution is not sustainable. Sooner or later the company or its customers will have to take responsibility for the cost of this waste stream. Cleaning up this mess is likely to be far more expensive than prevention would have been. 
Life-cycle costing.  This type of intuitive approach to performance can be codified by using life-cycle costing, which is an effort to include all relevant costs attached to a product from initial development until final disposal. The result of using life-cycle costing is that managers include a realistic long-term assessment of costs when making manufacturing or sourcing decisions, including inventory management costs for hazardous materials, waste disposal of scrap, and costs associated with post-consumer disposal. Life-cycle costing is most certainly not a new idea but it is a concept that may be ripe for broader adoption (Note: A 1994 article by Kreuze and Newell in Management Accounting provides a clear treatment of the topic, especially with respect to environmental management issues). 

Computer monitors provide a timely example of how lifecycle costing supports understanding of prevention capabilities. Traditional CRT’s are inexpensive to build, especially when compared to flat screens. However, a traditional CRT also contains several pounds of lead and other toxins. As “E-waste” proliferates, many communities are charging customers to dispose of monitors and similar products. And in some parts of the world, responsibility for these toxins has been transferred not to the customer but the producer. The end result is that while a CRT is cheaper to produce than a flat screen, the flat screen seems to be the better choice from a life-cycle cost perspective. The more expensive flat screen needs less space, uses less energy to transport, and disposal is safer, hence less expensive.



Rethinking performance provides a helpful frame around which strategic conversations can develop about how to create the capabilities necessary to make green strategies profitable. Our research suggests that managers should spend time on preparing their organization and its strategic supply network to better respond to change a) in the general sense and b) specifically in the environmental arena linked to life-cycle performance measures.  This requires a reorientation that forms the core of a pollution prevention capability.  We realize that some firms will be more able to reorient than others, based on industry environment, history, leadership, and organizational culture, but we present a general model of a pollution prevention capability that we believe many organizations will find helpful.
Defining a Pollution Prevention Capability

In many of the conversations we had during the course of this project, managers consistently noted their frustration with not knowing how or where to start addressing environmental issues. As we will discuss, some companies are focusing on large-scale major innovation projects that drive new product development using more environmentally-friendly raw materials.  Some are working on incremental changes in design or manufacturing processes. Others are working on innovations that have the potential to radically change the way consumers use or dispose of certain products. These are all, in effect, approaches to build an organizational capability in preventing pollution. We wondered if there were any common themes or routines that ran through these myriad approaches to prevention. As we found connections among our conversations and findings culled from the strategy, technology innovation, operations management and quality research literatures, we started to craft and refine what we now believe is a reasonably concise definition of a pollution prevention capability, and what we hope is a helpful model for building pollution prevention capabilities. 

Generally speaking, capabilities are specific and identifiable processes that integrate, transform, or monetize resources (Eisenhardt & Martin, 2000). Put another way, capabilities are related to a firm’s ability to “assemble, integrate, and deploy valued resources, usually, in combination and copresence” (Bharadwaj, 2000). As such, building capabilities is a complex, context-specific, and path-dependent process, but as noted by Eisenhardt & Martin (2000), there are common features that are generalizable across firms.

We started with this general approach towards capabilities and then turned our focus to a more specific working definition: 

A pollution prevention capability is the unique and idiosyncratic combination of resources (e.g., processes, procedures, policies, etc.) associated with both product and process pollution prevention and abatement, waste stream management, and other environmental issues that have been accumulated by a company to achieve abnormal profits. 

An example of product-oriented pollution prevention is Toyota’s capability with hybrid gasoline/electric cars. Toyota has been able to use their expertise with hybrid engines to reach a variety of consumer markets (small cars, small SUVs and luxury SUVs) and other industrial markets (Toyota is licensing their hybrid engine to other auto manufacturers). An example of process-oriented pollution prevention is chemical management at Delta Air Lines. In the mid-1990s, Delta shifted from an internal inventory management system with hazardous chemicals bought by lowest unit price (i.e., large purchase volumes for quantity discounts) to a supplier managed inventory system based on total cost of ownership. Delta reduced use of several hazardous chemicals by 80% (holding constant the volume of work done). 













How a Pollution Prevention Capability is Developed
Now that we clearly understood why pollution prevention capabilities are important and have a concise definition of what a pollution prevention capability is, we next set out to craft a reasonable model of how these capabilities are developed.   As with most major strategic initiatives, top management support is critical for successful implementation. Thus, top management teams first need to reorient their thinking around prevention, which is often a challenge.  A preponderance of research suggests that managers have trouble changing longstanding beliefs built over years of education and experience. Additionally, managers need to develop a shared understanding of prevention, through culture, performance management, and communication with employees and also other stakeholder groups: stockholders, suppliers and community.  Secondly, organizations need to create an adaptable innovation process whereby a range of changes in product and process at varying rates of change and scope can be developed and deployed in parallel. This means developing the ability to innovate in both a sustaining and disruptive manner over time.  This has implications for hiring, training, culture, and R&D processes.  The third component of the model is the translation and communication of value to consumers.   Customers need to understand changes in product and process with respect to the factors that drive their perceptions of value:  these could be cost, quality, environmental benefits, service, or other attributes.  

Our interviews suggested that these drivers were all generally present in organizations that had adopted prevention as a strategy, but that the drivers were not related in a traditional linear relationship.  Rather, the three drivers can affect each other in a recursive manner, as shown in Figure 1. There are no ‘start’ and no ‘end’ points.  It is ongoing and these steps are not necessarily evenly distributed across time and space. This point is important because it highlights that the change in mindset is a human change, and is not necessarily predictable in terms of when it occurs, but also that the capability as a whole is dynamic – emphasis on specific drivers can shift over time, with implications for overall firm performance. Most importantly, a prevention capability should be ongoing, rather than just be a series of steps that are accomplished on a path to an end (again the TQM comparison is apt). Prevention must be reflected in executive thinking and action, as well as in specific value chain actions. That is, to reiterate, a prevention capability must be infused throughout the organization. 
Driver 
1 – Prevention Orientation. Top managers decide whether or not to adopt a prevention-based approach. For many firms, this requires a cognitive shift in orientation of many managers, similar to the reorientation required by the adoption of TQM. Business psychologists have shown us that deep-seated beliefs about business practices are difficult to change. Yet, either through external pressure or from internal realizations, we argue that the strategic intent (Prahalad & Hamel, 1991) of managers needs to move towards awareness and acceptance of environmental sustainability in general, and of pollution prevention in particular. How does this orientation change?

The strategic nature of a prevention capability requires that executives be able to  adopt definitions of performance to include total lifecycle costs. Hence one strategic challenge is being able to recognize whether a technology will disrupt customer-driven performance metrics or not. This redefinition has the indirect benefits of adopting a long-term, multi-stakeholder perspective view, which are inherent in a life-cycle approach. The life-cycle approach looks at margins from the standpoint of all costs involved in sourcing, manufacturing, distribution to post-use consumer disposal. In other words, this method of costing captures externalities and full use costs such that more accurate long-term resource allocation decisions can be made. 
Driver 2 –Innovation Adaptability. This driver reflects the innovation challenges associated with pollution prevention. How does a company link the strategic preventative intent to customer-driven performance outcomes? To make this work, managers need to innovate in an adaptable manner. Much work in the technology literature examines innovation from one of four perspectives:  product vs. process innovation, continuous vs. discontinuous (or punctuated), radical vs. incremental innovation (see for example, Benner and Tushman, 2002), or more recently, sustaining vs. disruptive innovation (Christensen). These four views of innovation are not necessarily mutually exclusive.  Christensen explains that a radical innovation can be sustaining or disruptive, and this argument could be extended to state that this radical/disruptive argument could relate to a product or a process.  The important point here is that past work in innovation usually recommends that managers pick one – either focus on radical or continuous innovation, product or process innovation.  Christensen gets it right in terms of pollution prevention.  Companies have to get good at multiple types of innovation, no matter which lens is used to focus innovation efforts and managers need to develop the crucial ability to know which set of capabilities to apply in a specific setting.  We will examine two perspectives on innovation to illustrate this point. 
Incremental vs. radical innovation.  An incremental pollution prevention innovation would be a small change to existing processes or products. For example, UPS recently reduced the weight of and made reusable the packaging for their Next Day Air service. UPS estimates they save about $1.6 million per year for this change. Another incremental pollution prevention capability would be the recycling programs in any office. As an example, Emory University recycles nearly 125 tons of white paper and 100 tons of cardboard annually.  An example of a radical innovation would be biodiesel fuel – organic materials are used to create motor vehicle fuels that can power traditional diesel engines.  The end customer does not see much difference in performance, but the production process of the fuel is tremendously different. Nevertheless, the size of an innovation may be less important as the implications of the innovation on the marketplace and the skills and capabilities required for developing and implementing different types of innovations.
Sustaining vs. disruptive innovation. As explained earlier, Christensen defines sustaining innovation (SI) as movements along a trajectory that result in incremental improvements in the product/service attributes from the customer’s perspective (customers see small differences in performance, adding a small amount of perceived value), while disruptive innovation (DI) involves moving to a different trajectory of customer performance criteria which results in major shifts in how the product or service is perceived and used (customers see large differences in performance, which could add a large amount perceived value, but actually often subtract perceived value in the short run).  One way to conceptualize this is through productivity frontiers.  When is movement along the current frontier acceptable to from a life-cycle perspective (sustaining innovation)?  When do the metrics suggest that pushing the productivity frontier outward is required (disruptive innovation)?  The decision about necessary innovation is driven by the long-term performance implications of each choice, but firms likely need to apply both types of innovation at different points, often times in parallel.
In short, organizations need to be incremental and continuous in terms of impact and frequency of innovations, but also at times radical and discontinuous, in terms of developing innovations around pollution prevention.  To further complicate issues, using Christensen’s terms, successful organizations need to be, at times, both sustaining and disruptive.  It is only by being able innovate in these flexible ways can organizations provide pollution prevention solutions that provide value to both customers and other stakeholders.   


Driver 3 – Customer-Driven Value.    We have argued that an organization should have managers oriented toward the importance of prevention based on a life-cycle analysis of their product/service streams, and they create awareness and tools for an adaptable set of innovation processes. The last piece of the puzzle is the ability to understand, design, and implement prevention factors that will be valued by the end product/service user along with other stakeholder groups.

This third driver reflects the challenges associated with actually deploying the prevention capability into the value chain and is related to the first two drivers.  Specifically, issues of supplier selection, process management, and waste stream analysis/management, are part of this driver. Successful prevention capabilities must give organizations a way to begin to find value-driven improvements, while offering a vision about how the capability can enhance the overall operation of the value chain and making customer-driven performance happen.  How are these three drivers of innovation related to each other? Managers decide and justify developing the ability to innovate in the variety of ways required to effectively prevent pollution?  One method is to use life-cycle costing metrics to identify the potential returns to investments in innovation and then to justify creation of specific skills and capabilities to undertake projects.  We have found that for most companies, in most contexts, redefining performance metrics will point toward a range of projects will require multiple forms of innovation (Anderson & Tushman, 1990, Bower & Christensen, 1995; Christensen, 1997).

How does this work? The life-cycle costing perspective forces the company to take a longer term, multiple stakeholder perspective to resource allocation decisions.  By looking at sourcing and disposal costs, many innovations might be needed that are not seen by customers at all, but still creates value for several other stakeholder groups (shareholders from reduced liabilities, employees from improved health or safety, and community from less pollution).  When considering the life-cycle costs of emissions from current manufacturing equipment, disruptive innovations in manufacturing processes that result in differences in the texture of a product, such as when a manufacturer reduces the thickness of a plastic coating on a product. The relevant decisions now become based on the long-term costs and benefits to consumers and other stakeholders in working to prevent pollution.  Strategically, managers need the ability to use life-cycle performance metrics to make technology and innovation decisions that result in making changes that may or may not be noticed by the customer, but result in returns to multiple stakeholder groups. 
Outcomes.  We believe that taken together, these strategic and tactical managerial skills form the foundation of a prevention capability. The capability is operationalized by managers who are able to use their cognitive skills to 1) successfully determine when to deploy sustaining innovation and when disruptive innovation is needed and 2) when to use incremental and radical changes on the shop floor to implement the innovations. Obviously, the companies that are successful at prevention have a clear understanding of the sources of waste / pollution in their supply chains. But this knowledge is only the first step toward prevention. A company with a pollution prevention capability is capable of applying this waste stream knowledge through multiple forms of innovation and has the managerial ability to determine when to use each of these skills.   As pollution prevention results in new processes and products, value is created for multiple stakeholders.  

Figure 1 A Model of a Prevention Capability





Building and Implementing a Pollution Prevention Capability
How do managers put this model into action in order to create value for multiple stakeholders?  Table 1 provides a summary of how managers can approach implementation.  By breaking down managerial decisions and actions using the three drivers, the challenge of creating a pollution prevention capability becomes somewhat less daunting.  In this section, we give recommendations and examples for implementing each of the three drivers.  

We have argued that a prevention capability has a foundation of product and process knowledge as they relate to waste streams.  First, managers need a thorough understanding of their supply chains in order to reduce the impacts of these chains on waste streams. Second, managers need two skills that are often thought of as being in conflict; being able to make sustaining innovations as well as disruptive innovations. The skills associated with incremental innovations will look like the skills many firms developed in the area of TQM, with an emphasis on continuous improvement. However, when an organization hits a productivity frontier continuous is not longer appropriate and radical change will be needed. The skills associated with radical innovation resemble the skills required to successfully reengineer – being able to visualize a radically new and different product or process and then actually implement it. Being able to develop and maintain both of these skills has already been shown to be a fundamental part of being an innovative company; our research suggests that these are also the skills that managers need to harness if they are to infuse pollution prevention through all three drivers we have identified. 

At the strategic level, a manager has to determine if their organizational performance – based on a lifecycle assessment – is at an acceptable level. If the firm cannot simultaneously meet or exceed stakeholder expectations on economic performance, environmental performance, and or social performance they need undertake radical types of innovations. If a firm is performing well, they may be able to do continue down a continuous improvement trajectory to maintain their competitive advantage. 
The apparent long term strategies of BP and ExxonMobil seem to provide a good case here. ExxonMobil is following a sustaining strategy seemingly premised on long-term access to oil. Meanwhile BP seems to be focusing on long term disruption, moving from oil to multiple other sources of power and consumers’ placing an increasing value on energy from these alternate sources. In the short term the ExxonMobil sustaining strategy is leading to higher profits, but as oil supplies dwindle or consumers shift their vision of value from energy products, BP is likely to have an edge.  With the first driver, companies must be aware of the potential for strategic disruptions.
Within the second driver, we have a similar set of decisions. Here managers are looking mainly at products/services and high-level processes. This is where the focus on life cycle costing really makes a difference. A customer may perceive a product as being of high value, but the process used to make the product may have very high environmental costs. In this setting, managers would have to adopt a radical innovation position, since a new process is needed to decrease life-cycle costs even though the consumer may not see the change. Meanwhile, the company also needs to fashion an incremental innovative posture when both products and processes are presently producing high levels of value with low levels of social or environmental impacts. 

Decisions within the third driver tend to revolve around single steps in a process or single inputs into a supply chain. Because these changes are smaller and generally less interdependent they can be made on a more frequent basis. So an organization with a prevention capability could be making a host of seemingly minor changes that when added together create significant increases in value. Incremental innovations within this driver may be almost indistinguishable from what would have been seen in a TQM / JIT organizations. These innovations would in many cases be the proverbial low hanging fruit. Changes such as reducing energy use by switching to more efficient bulbs are an obvious example of an incremental innovation that drives value.  Another example might be the introduction of the digital thermostat.  This is a very different production process from traditional mercury-based thermostats and resulted in both a cleaner manufacturing process (no mercury) but also energy savings for end users because of the timer functionality.  In short, radical innovation will occur when an existing process step, input and or supplier can no longer make incremental changes without creating trade-offs between economic, environmental, and social performance; in other words when the productivity frontier has been hit. 
Earth2O (a bottled water provider in the Pacific North-West) provides an interesting example of an organization with a prevention capability leveraging both sustaining and disruption skills simultaneously. The company provides tangible evidence of a prevention capability at the process innovation and value-oriented drivers within the organization. We use two decisions at the company to illustrate application of a prevention capability.


The company has recently changed to a new bottle that uses less plastic. This reduces materials costs, as well as the amount of material that has to be disposed of at the end of product life. This sustaining innovation illustrates the value driver in that it builds off of existing technology, uses the existing supply chain and production processes, and continues along the existing performance trajectory. At some point (probably soon) one of two things will happen that will force management to a more disruptive innovation. First, it is possible that customers (or other stakeholders such as regulators or NGO’s) will demand an end of life solution besides the disposal of a single use container. If this occurs Earth2O (and others in the business) will be forced to make a disruptive innovation in packaging. On the other hand each new bottle design gets closer and closer to the productivity frontier in terms of reducing plastic content. Eventually the removal of any more plastic will result in a container that can not safely encapsulate the water. At this point further cost reductions in packaging will require disruptive innovation.

 We have noted that a move to lifecycle costing leads to decisions that may not have been made using a pure short term economic model; often when the performance of the product or service is acceptable to the customer, but the lifecycle costs are too high. Earth2O has recently revamped the way they ship bottled water through a disruptive process innovation that neatly illustrates this point. In the recent past 24 packs of bottled water were shipped in a partial cardboard box (for strength) that was held together via shrink wrap. This was cheaper to create (and dispose of) than a full box. Earth2O management knew that 12 packs of bottles were transported in Europe using only shrink wrap, but no technology existed to do this with much heavier 24 packs. So Earth2O worked with a supplier to develop an entirely new disruptive technology that allowed 24 packs to be safely transported without the use of card board. New equipment needed to be created, as well as new ways of using existing materials such as shrink wrap. From a customer perspective the bottled water works exactly the same, but the lifecycle costs have been reduced dramatically. Equally important for illustrative purposes such an improvement could not have been made continuing on the previous trajectory. This change required changes in suppliers, supply chain management, processes, and materials. 

Conclusions 

Twenty-five years ago many managers and academics were arguing over the meaning of “Quality is Free”. Meanwhile organizations like Toyota were already leveraging the capability others were arguing about. The head start Toyota built while others were arguing and pondering the applicability of “Japanese” management tools has yet to completely abate.   
The organizations that wait for irrefutable evidence that economic and environmental performance are positively linked risk once more playing catch-up. But those organizations that move beyond the debate and start building a pollution prevention capability have the opportunity to be industry leaders; to be their industry’s Toyota. 

A prevention capability is composed of three key organizational skills that need to be present and leveraged simultaneously. First, an organization with a pollution prevention capability will able to carry out sustaining innovation and continuously improve those products and or processes that have not yet reached a productivity frontier. Second, these organizations will be able to make disruptive innovations when a process and/or product has hit a productivity frontier.  Finally, and most importantly, these organizations will have managers with the cognitive skills to determine when they should make sustaining innovations and when disruption will be needed, creating value for consumers, shareholders, employees, community, and other stakeholders. 
These cognitive skills will have a foundation of two sets of knowledge. First, managers need to understand life-cycle costs. Being able to see and understand the implications of a product and or process choice over time is far more complex than looking at just the economic impacts in the short run. But the manager who does not understand lifecycle costs is taking a huge risk of creating a waste stream that will one day need to be abated – at a much higher cost than preventing the stream would have been.  
The second set of knowledge involves being able to see a productivity frontier and hence recognize that disruptive innovation is needed. Not just recognize that the present trajectory is not sustainable, but actually be willing to make the disruptive change. 

We are not quite ready to say that “green is free” but we strongly believe that those organizations that wait to address these issues are taking a huge risk. If your competitors create a pollution prevention capability before you do, it is safe to say that you will have to follow them while gaining none of the competitive benefits. 

Table 1:  Capability Drivers and Managerial Cognition 
	
	Decision Set
	Ramifications of Life-Cycle Performance
	How Managers Should Think: Sustaining Innovation
	How Managers Should Think: Disruptive Innovation

	Driver 1: Strategy
	Decisions about long term firm performance from stakeholder perspectives (shareholder, employees, 
	Look at social and environmental performance in addition to financial performance. Continue movement towards long-term orientation.
	If long term performance on multiple dimensions is acceptable (e.g. firm enjoys competitive advantage) move along the same trajectories (with an eye out for potential disruption)
	If long term performance on multiple dimensions is not acceptable, create new trajectories

	Driver 2: Innovation
	Decisions about products, services, and processes
	Life-cycle approach creates different set of products and services offered to consumers. Processes to create these products and services also may differ greatly. 
	Customer sees incremental benefits of new products or processes (recyclability to disposal cost)
	Process change may be needed to dramatically lower life-cycle costs, yet those changes would not be visible to the consumer in terms of performance. 

	Driver 3: Value
	Operational decisions – choosing suppliers, product design, purchasing raw materials, scheduling, etc.
	What is the life-cycle cost of each decision? 
	What is the influence of this decision on product/service performance?
Can I increase customer value from a life cycle perspective by improving on existing sub-systems or are we at the productivity frontier?
	What are the social and economic effects of this decision?
Will a new material and or process allow us to decrease life-cycle costs over time

	
	
	
	
	









Sidebar #1 – Five Myths of Pollution Prevention
Myth #1:  Regulations are decreasing.  Regulatory pressure comes in many forms. Globally, there is an explosion of environmental requirements for products and service. Take-back laws in Europe require companies to develop and then provide to their customers environmentally sound end-of-life solutions for products. Wastewater laws in the United States force organizations to focus resources on issues rarely considered in the past, such as storm water runoff and wastewater disposal.  The scope and number or environmental regulations are growing worldwide, and although the trends are reasonably easy to see, the precise direction of growth and future scope are direction to predict.  Further, courts continue to refine and change the interpretations of existing regulations.  This is a significant challenge for managers. The ability to prevent waste from occurring is thus an important tool to mitigate the risks of new regulation.


Myth #2:  Customers only care about low prices. If environmental pressure came only in the form of government regulation, firms could respond through lobbying and in some cases, by moving operations to less hostile environments in an effort to reduce production costs.  Indeed, some firms are still taking that tack today. However, regulatory demands on the ‘production’ side are quickly being augmented by pressure on the ‘demand’ side from customers and other stakeholders, such as NGOs.  Demand-side pressure hits the revenue side of the income statement by hurting sales of a product or service that stakeholders have identified as somehow harmful, regardless of the regulatory environment in which the product or service is produced.  Although customers are concerned about low prices, a vocal group of customers are good at drawing attention to products and services that are created in ways that are perceived to be environmentally and socially damaging.

Myth #3: Outsourcing and globalization are solutions.  The convergence of production-side regulations and demand-side social pressures means that it is becoming extraordinarily difficult for companies to rely on shifting operations to new locations or outsourcing to mask socially unacceptable business practices, be those practices deemed unacceptable on environmental, worker safety, or fair trade grounds.  For example, Nike and others in the footwear industry have come under intense scrutiny for their sourcing practices, even though in most cases the suppliers being used are following all local labor and environmental regulations. In order to sell products these companies are being forced to go well beyond regulation in the countries where production takes place. Managers in footwear (and other) industries then have two choices: treat the new way of doing business as a cost to be passed on to customers, or learn to operate in new ways that create the same or higher profits while reducing negative environmental and social impacts.


Myth #4:  Prevention costs can be passed along to customers.  Given the competitive environment most firms presently face, passing the increased costs of new ways of doing business along to customers is not likely to be a winning scenario, even if customers demanded the change. Many companies are already leveraging a prevention capability, often doing so quietly (examples?). These pioneers compete in variety of industries and are proving that being green does pay without passing costs along to customers.  The real benefit to their investments will become more obvious in coming years, as rivals cope with legal costs, remediation costs, and negative publicity. 


Myth #5: Technological innovations will bail out second-movers. Companies face another pressure that will make the argument about if pollution prevention provides positive returns irrelevant. In every industry the viable life of a product on the market is shrinking. This puts pressure on companies to innovate their products and processes.  Typically, first-movers bear the costs of innovation and second-movers have the opportunity to imitate the innovation at lower costs, which often overshadow the benefits first-movers accrue in terms of market share and brand awareness.  The empirical evidence gathered over the last decade suggests that pollution prevention generally pays especially well for those firms that can find innovative new ways to operate and that benefits do accrue to first-movers in the context of pollution prevention 

 



Sidebar #2 – Research methods. 

The research methods for this paper reflect the fact that many companies have not moved beyond the “if being green pays” argument. The methods needed to be flexible, allowing for many different perspectives and ideas to enter into our analysis. The first source we used was past academic research in the fields of environmental management, technology adoption, strategy, operations management, quality and management cognition. This helped provide an organizing structure for our case-based data collection – our second source of perspective. We independently interviewed executives at approximately 25 different companies in industries ranging from cars, to furniture, to packaged consumer products. We collated all of the case data and merged it with the insights we gained from the academic research to arrive at our framework for a prevention capability.
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Creating adaptable innovation processes





- string resources together into prevention-oriented innovation capabilities�


- multiple innovation orientations (sustaining/disruptive, process/product, incremental/radical, continuous/discontinuous) that are applied in specific contexts as neededPrevention 
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Providing value for


customers





buy/build key prevention resources (equipment, people, knowledge)


outcomes are visible to most stakeholders
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Adopting a prevention/


performance orientation





- prevention becomes a priority performance metric





- long-term performance becomes built into decision-making (life-cycle costing)


�- buy/build key prevention resources (equipment, people, knowledge)





- prevention becomes part of the organizations culture
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Providing value for


Customers and other stakeholders


�- long-term costs are reduced and specific benefits are enhanced, providing increased value to customers, community, employees, and suppliers 





- new products and processes are developed, building reputation and helping sustain competitive advantage, providing returns for shareholders 


buy/build key prevention resources (equipment, people, knowledge)


�


outcomes are visible to most stakeholders
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