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ABSTRACT

The past decade has yielded numerous advances in the arena of environmentally sound business practices. Governmental regulation and increasing demand for ISO 14001 certification has compelled companies to look for cost-effective and innovative means of compliance. Even more exciting, companies are beginning to realize the competitive advantages of voluntarily adopting sustainable business practices. In the book Natural Capitalism, Paul Hawken, Amory Lovins and Hunter Lovins describe robust examples of companies improving bottom lines by improving environmental records. Waste, as a byproduct, is an “unsaleable good.”
 If companies focus on firing waste from the system, it may preclude the need to fire people.

Despite the growing availability of tools for achieving sustainability, and numerous case studies about the increased competitiveness that sustainability can afford, organizations have been slow to implement specific practices. Why? If a technology meets the criteria of triple bottom line (people, planet, and profit), what is holding organizations back?

This paper examines several examples of sustainability innovations that make sense in theory, but which have not been implemented to their full extent due to organizational barriers. Misplaced incentives, institutional and cultural norms, incompatible cost accounting, or a mismatch between problem and solution cause many of the barriers to readily available, seemingly logical “techno-fixes”. The paper examines some strategies for moving beyond the techno-fix in favor of successful sustainability innovations.

Introduction

“Many technologists believe that advantageous innovations will sell themselves, that the obvious benefits of a new idea will be widely realized by potential adopters, and that the innovation will therefore diffuse rapidly. Seldom is this the case. Most innovations, in fact, diffuse at a disappointingly slow rate.”
 

Everett Rogers, Diffusion of Innovations

We live at a time when the technological opportunities for increasing productivity, reducing waste, and improving efficiency are unprecedented and continue to grow. Off-the-shelf technologies exist that have the capacity for “doubling wealth (and) halving resource use.”
 Gadgets, materials management techniques, building strategies and manufacturing processes all offer the promise of making life more profitable and environmentally sustainable.

And yet, even after sufficient lag time to “get the word out,” solutions that seem to offer the best possible win-win opportunities remain unadopted.

Consider the following examples:

Energy-efficient buildings
In the city of Chicago, a 200,000-square-foot office building in need of renovation could have been retrofitted with state-of-the-art windows, lights, and equipment. The changes would have increased energy efficiency fourfold, drastically improved the building’s comfort, and paid off the additional expense incurred over a standard retrofit in less than nine months. Instead, the owners opted for a conventional retrofit and eventually had to sell the building at a below-market price.

Chemical Management Services (CMS) 

Instead of selling chemicals to chemical users, chemical management service providers can supply the chemicals, insure that they produce the end result for which they were intended, and dispose of them, usually for a monthly fee. Since the CMS provider is being paid for the job, rather than by the unit of chemical product sold, both the supplier and the customer have an incentive to reduce the amount of chemicals needed. According to one source, the cost of purchasing, handling, environmental health and safety problems, treatment, liability and other management issues around the chemicals may be ten times the purchase costs of the chemical themselves.
 Thus, moving to a “servicizing” model has the potential for significant savings for chemical users, as well as a reduction in volume, improper use, and poor disposal of potentially hazardous chemicals. Yet, current market saturation for chemical management services is estimated at six percent. What could in theory be a $16 billion industry currently generates only $0.5 to $1 billion in revenues.

The Paperless Office

During the 1990s, the advent of email and the rise of computer technology were supposed to render the use of office paper obsolete. Instead, overall use of office paper increased 15 percent between 1995 and 2000
; far from reducing paper use, use of email in a business can increase the use of paper by as much as 40 percent.

Solar Cookers
Solar cookers have been around for decades, offering a cheap, low-tech means of decreasing deforestation, alleviating the cost and burden of labor from gathering firewood, and improving air quality in developing countries. Yet, even with the best possible training and support, widespread adoption is spotty, and some attempts to introduce the cookers in developing countries have proved dismal failures. Historically, use of many cookers is often abandoned within 30 days after the end of training and monitoring.
 
What is keeping great ideas and superior products from helping organizations to achieve radically increased levels of sustainability and productivity?

To begin with, it is useful to define some terms. In his landmark book The Diffusion of Innovations, Everett Rogers defines an innovation as “an idea, practice or object that is perceived as new by an individual or other unit of adoption.” A technology, Rogers continues, is “a design for instrumental action that reduces the uncertainty in the cause-effect relationships involved in achieving a desired outcome.”
 All technologies have hardware and software aspects to them; the hardware is the physical tool itself, and the software the information base (instructions, training, etc.) that allows it to be used.
 Rogers goes on to point out that excellent hardware and software are not, however, a guarantee that an innovation technology will be adopted; countless other factors work to determine its success or failure.

This paper defines a techno-fix as a product or idea that may be technologically superior to status quo processes or products, but which is disconnected from the larger cultural, organizational, or human context necessary for its successful adoption.

By looking at four examples—three from the U.S. commercial sector and one from the world of developing countries and relief organizations—this paper seeks to examine the chasm between a sustainability techno-fix and a successfully adopted, beneficial sustainability innovation. It then attempts to examine on a very introductory level some design and organizational tools that may help to bridge that chasm.

Barriers

A technological innovation can languish because of problems with the “software” mentioned above; its relative advantage over existing ways of doing things is not made clear, training is lacking or flawed. Alternatively, factors external to the software—cultural, organizational, personal—can stand in the way. Each of the four examples below contains examples of both design and organizational problems. 

Energy-efficient buildings

Consider a more in-depth look at the Chicago office building mentioned above.

“A 200,000-square-foot all-glass-and-no-windows curtainwall office tower near Chicago needed its 20-year-old windows replaced because they were starting to leak as the seals failed, and its large air conditioning systems needed renovation to renew the moving parts and replace their ozone-eating CFC refrigerant. Analysis revealed that changing the renovation design to a whole-systems approach could dramatically improve comfort, quadruple energy efficiency, and cost about the same as normal renovations. Superwindows, deep daylighting, and efficient lights and office equipment could reduce the cooling load (except that caused by the occupants) by 85 percent. This in turn could make the replacement cooling equipment three-fourths smaller than the original system, four times as efficient, and $200,000 cheaper—a sum large enough to pay for the other improvements. The annual energy bill would then fall by 75 percent, or by $1.10 per square foot per year—at least ten times the competitive rent difference in the local market. The fourfold energy efficiency improvement would cost essentially the same as the standard renovation that was about to be done anyway (its extra cost would pay for itself in between minus five and plus nine months), with far better amenity, aesthetics, and rentability. By the time America's 100,000 or so glass office buildings now ripe for such renovation have been retrofitted, another generation of roughly as many similar structures will have reached the age of rehabilitation. If the building discussed above was typical in all respects (not too bad an approximation), then redesigning the routine renovation of all big U.S. office towers in similar fashion could save about $45 billion a year.” (From Natural Capitalism, p. 119)

Closer examination of the project revealed some of the reasons why the suggestions above—from an assessment commissioned by the owners of the building—were never adopted.

First, the local leasing office controlling the building was extremely anxious to complete the retrofit and re-lease the building as quickly as possible. The whole-systems retrofit would have taken an additional two months, and the lessors were unwilling to wait that long.
 Thus, disconnect between time frame needed for the techno-fix and that of the client was a particularly important factor in this example. 

Next, there was the common problem of “split incentives.” It is difficult, as things currently exist, for owners and tenants of buildings to share savings on investments in energy efficiency. Likewise, building designers who never pay the utility bills of the buildings they create or retrofit have little incentive to put in the extra work required to make a building more efficient—particularly if they suspect that they may lose a contract by doing so.

It is equally difficult to educate tenants about the mutual benefits of adopting energy efficient lighting and office equipment within a structure. Some of the savings in the assessment assumed the universal adoption of efficient office equipment in the building by all tenants. This would have resulted in a drastically reduced electric load on the building, allowing the installation of a smaller, more efficient electrical system for the building. Had it been adopted, the wiring retrofit would have been far cheaper, and the monthly electrical bills of tenants far smaller.
 

However, the client was highly skeptical that the drastically reduced peak load could be achieved, and was skittish of building specifications that would apparently require forward-thinking purchasing of energy-efficient office equipment on the part of tenants who had not even been identified yet. 

Another problem may have arisen from a lack of technical understanding regarding electricity plug loads on the part of the client. Rated power consumption, which is listed on an appliance’s nameplate and used to size its wiring, is the highest power demanded by the appliance, occurring during the momentary power surge when the appliance is turned on. This is usually two or three times higher than the actual power consumption of the device (after initial startup). While a building’s wiring system must withstand startup power surges, its cooling system should not be sized to deal with the waste heat that would be produced if every appliance were continually in start-up mode. But in fact the cooling systems of commercial buildings are typically “overbuilt” to serve assumed plug loads 2-10 times greater than actual. This is even without the implementation of the energy-efficient office equipment mentioned above.
 Failure to understand the distinction causes an information barrier and, frequently, unnecessary cost in building design; in the case of the Chicago building, lack of understanding of this concept proved yet another obstacle to acceptance of the proposed retrofit.

Finally, emphasis in buildings and retrofits tends to rest upon finding the most cost-effective choice for individual components of the building, rather than looking at the potential for overall savings. It is difficult for competing contractors to take a whole-systems approach when they are trying to outbid each other on a project by looking for the lowest bids from each of their individual subcontractors. The opportunities for “tunneling through the cost barrier”
 are too often lost amidst fragmented incentives.

Chemical Management Services

A 2001 survey of chemical management service users indicated overall enthusiasm for CMS. Financial benefits led to net savings of between five and 25 percent a year. The Chicago Ford assembly plant reported a 57 percent reduction in volatile organic compounds and a 27 percent reduction in wastewater sludge under their CMS program, resulting in more than $50,000 annual savings.
 

Yet, outside of industries that have already widely adopted CMS (automotive and electronics are among the leaders), CMS has made little headway, even in industries that use a high volume of chemicals.

Accounting systems and corporate priorities may hold some of the answers to sluggish adoption. Purchasing and management of chemicals may amount to less than one percent of operating costs, causing it to barely register on the radar screen of a busy CEO. The actual costs of management may be a great deal higher than this; yet, conventional accounting systems may overlook hidden expenses.

A paper examining the adoption of CMS on an organizational level is illuminating. Bierma and Waterstraat (2001) cite some of the major barriers to adoption of CMS: a perceived incompatibility with current job responsibilities, failure to understand the cost savings that CMS can provide, fear of loss of control, threat from inferior substitutes, and the misperception that a change in chemicals will be necessary.

Management, purchasing, environmental health and safety (EH&S)officials, and plant managers all have different reasons and motivations for adopting or rejecting CMS as a strategy. Plant managers may see CMS as a way to cut costs, outsource time-consuming work, and improve health conditions, or they may see it as a loss of control over chemicals and a precursor to downsizing.
 Members of a purchasing department that focuses upon value-based rather than price-based purchasing may see CMS as the best possible strategy. They may, however, see it as an unnecessarily expensive alternative to cheaper options or an excuse to eliminate purchasing jobs. EH&S personnel may view CMS as a perfect way to improve tracking and monitoring of chemicals, or as an additional risk from having an outside party managing hazardous chemicals under their watch.

Manufacturing managers might typically pose the greatest opposition, since any change related to their production system poses the threat of delays or change in quality. Yet, if they can be convinced that CMS could improve their quality, production costs and production control, they could become strong internal advocates of the service. Maintenance people may fear losing control; they may also fear losing many of the perks provided by chemical suppliers in order to keep them as customers (tickets to sporting events, lunches, etc.). Unions can pose some of the greatest opposition, since CMS will be viewed—first and foremost‑as a job-outsourcing program; yet, where union jobs are secure, CMS can be the source of increased control over chemicals and worker safety.

Financial managers may become opponents if they cannot figure out how to integrate the new system—which would stretch across multiple departments—into the company’s existing accounting infrastructure. However, their unique ability to see the “big picture” in terms of total cost to the company may render them able to see CMS’s strengths more clearly than any other stakeholder within the organization.

Various combinations of incentives and conditions within a company can create an environment ripe for a well-pitched CMS program or one that is hostile to it. If, for example, a company is downsizing its purchasing department and also pursuing a strictly price-based buying strategy, the likelihood of CMS being adopted is slim. As Bierma and Waterstraat observe, “Management does not see the need and purchasing perceives it as a threat to their jobs.”
 The position of the EH&S official as an integrated part of the whole organization or an isolated regulation-enforcer may determine whether or not CMS plays an influential role within company operations.
 The priorities of senior management can determine whether the people who are supposed to weigh all factors within the company ever have CMS on their radar screen at all. Very little of this has anything to do with the technical feasibility or cost-effectiveness of CMS; it is all about both common and unique human factors present within an organization.

The Paperless Office

Email and electronic documents have many advantages over paper in terms of managing information. A job-placement service company in Chicago made the shift to an all-electronic office and yielded drastic reductions in both paper consumption and time required to transfer information. A Danish company reduced its paper consumption by 30 to 50 percent and greatly increased decisionmaking efficiency.
 Yet, despite electronic communication’s ability to reduce waste and clutter, paper remains an integral (and even growing) part of information management in the workplace.

Several studies point out that paper serves valuable functions in terms of helping to perform certain cognitive tasks. Collaborative editing and writing still depends heavily upon the paper medium in many organizations; air traffic controllers rely upon physical scraps of paper to spatially organize information on where and when to land their planes; and physical piles of paper remain integral to workers’ ability to organize information, access data, and jog memories.
 Even with increasingly sophisticated software, the physical attributes of information on paper serves an invaluable function for a vast percentage of the population in the carrying out of their daily tasks. Computers, although crucial for other reasons, are currently failing to phase out the use of paper.

The paperless office example is particularly interesting since it is obvious that computers and other electronic information technology has not been rejected in the workplace—its diffusion over the past two decades has been tremendously successful. Rather, electronic information transfer and management have been slow to diffuse as a replacement for paper, and as a solution to the specific problem of reducing paper waste. Providing the right solution to specific problems, then, can prove a challenge to even the most wildly successful of technological innovations.

Solar Cookers

An example from outside industry—in the international development community—is illustrative as well. Solar cookers have long been touted as a low-tech, cheap solution to overuse of firewood in developing countries. Some cookers have been effectively adopted; some, even with extensive training and capital investment, have been rejected.

Reasons for non-adoption vary. In the African nation of Lesotho in the early 1980s, the local Basotho people of Thaba Tseka were skeptical about the cookers’ ability to work in cold weather. Leaders in the community were also concerned about what the women and children, whose workload would be drastically reduced by the cookers, would do with their extra free time.
 From an adoption and education standpoint, the Basotho people lacked certain “principles knowledge” necessary to understand the functioning and use of the cookers (e.g., the theory of infrared light providing heat).

In a refugee camp in Ethiopia, the model of the stove itself proved a problem. While 60 to 80 percent of stove recipients used the units immediately after receiving them and were pleased with the results, this particular model of cooker required cooking the food inside a plastic bag with a relatively short life span. A shortage of bags led to use of the cookers being drastically curtailed after about a month. The women using the cookers would save the extra bag that came with the original unit for emergencies. Widespread disillusionment with the product ensued.
 In other situations, cookers may fail to provide the multiple other purposes of a cooking fire such as heat, a social gathering place, or a security device to protect from animals or people.

Common Threads

More so than many types of technological changes, sustainability innovations tend to have components that can interfere with the ease and likelihood of adoption, rendering them techno-fixes on the wrong side of the chasm.

· They may require institutional changes from both supplier and customer.

· They may require a delayed or extended time cycle to achieve justifiable economic payback.
· They may require a sophisticated level of whole-systems thinking.

Institutional changes from both supplier and customer

Sometimes it is the institutional structure of an organization or the allocation of job responsibility that precludes adoption. An EH&S employee charged with enforcing hazardous waste disposal regulations but given little authority will rarely be able to enact innovative and cost-saving ways of eliminating hazardous waste on the front end. A facilities manager committed to saving energy who is not permitted to influence the decisions of purchasing will be limited to savings available from his or her existing equipment. In the case of the building industry, the structure of interactions between owners and tenants, contractors and subcontractors, create some of the structural barriers to change.

While it makes sense intuitively that a company adopting a certain technology may resist change, there is also the potential that the organization or company selling the product or technology may stumble over its own infrastructure. Bierma and Waterstraat point out that many companies offering CMS were originally traditional chemical companies that retain direct sale of their product as a component of their business. If a company is built around maximizing sales of its product, the sales department may resist a new way of doing things in which the incentive rests on reducing the use of the company’s product.

Nor is the problem unique to CMS—various companies that have attempted to lease products that are conventionally sold (carpets, elevators, etc.) have encountered resistance from both customers and their own employees.
Delayed or extended time cycles

As Rogers points out, any technology that is a preventative innovation—one that is adopted to lower the probability of a future unwanted event—can prove difficult to sell and will generally have a slow rate of adoption.
 The results of a successful technology are intangible, because it has prevented an outcome rather than yielded a desired one. It requires, in many cases, long-term thinking and the ability to visualize an unfavorable outcome in the future.
 In the case of energy savings, companies with rigid payback requirements often miss opportunities for enormous middle-term savings because the investment cannot be recouped within a much shorter time period.
 Intense schedule pressures can prevent designers and engineers from adopting efficiency opportunities because a looming deadline cannot be missed for any reason.

Sophisticated level of whole-systems thinking

Sometimes whole-systems thinking demands of us a better understanding of human relationships within an organization. As Tom Johnson, professor of accounting and quality management, remarks:

“The use of abstract quantitative targets in the practice of “managing by results” entails “losing touch” with the natural reality of the organizations we manage. The quantitative abstractions can be used as tools to “amplify our grasp of the world.”  Unfortunately, this belief ignores the reality that a human organization is a living system which can be understood and acted in only as a web of relationships, not as a mechanical collection of quantifiable parts. By ignoring that reality, MBR managers erroneously attempt to control financial results by focusing people’s attention on quantitative targets. They fail to see that good results in a living system are achieved only by nurturing relationships.”
 

Divisions between departments and budgets can prevent a company from taking advantage of whole-systems thinking. A particular company would have clearly benefited from investing in super-efficient office equipment ahead of schedule since a much smaller, cheaper cooling system would have been able to keep the new equipment from overheating. Since the money a chiller belonged in a different budget than for the office equipment, the idea was scrapped.

It is not always the intended adopters of an innovation who are required to do the whole-systems thinking. Rogers (1995) points out that much of the research around the diffusion of innovation is heavily biased in favor of the innovation itself. If innovations are not adopted, this can lead to “individual-blame” scenarios—the cause of the failure focuses upon the irrationality, lack of education, or change-resistant individual for whom the innovation is intended. A “systems-blame” mindset, on the other hand, can point to conditions within the system which may lead to non-adoption—including the possibility that the proposed technological innovation does not, in fact, actually solve the problem in question.

Donella Meadows, in her article “Nine Places to Intervene in a System,” lists “the mindset or paradigm out of which the goals, rules, feedback structure arise” as the most high-leverage place at which change can and should be affected. She also added, “The higher the leverage point, the more the system resists changing it.”
 One of the most frequent remarks heard in conjunction with techno-fixes, after a long listing of their overwhelming merits and superiority over existing products and practices, is “and all we have to do is train people to … .” The difficulties of, say, increasing the energy efficiency of a superwindow by a factor of two pales in comparison to getting people and organizations to change ingrained behavior.

Opportunities

Below are a few suggested tools to assist in avoiding techno-fixes and encouraging successful sustainability innovations.

The Five Whys: Asking the right questions in the first place

In The Fifth Discipline Fieldbook, a manual on learning organizations, the authors encourage us to approach a problem by applying “the five whys”: ask why a problem exists, at deeper and deeper levels of causality, until the root cause is reached. In the book’s example, a pool of oil on the floor of a manufacturing plant is caused by a leaking piece of machinery, which is caused by defective gaskets, bought by a purchasing department motivated by a two-year-old policy of buying all equipment at the lowest possible price.
 Whole systems thinking involves the aggressive pursuit of root causes in order to identify what is really going wrong. This avoids the inefficient, self-defeating symptom-treating loop that is a common trap when trying to identify and fix problems.

Similarly, hunting down end goals can help a company serve clients and gain a competitive advantage far more effectively than constantly pushing to sell more of a product, regardless of consumer need. As RMI’s CEO (Research) Amory Lovins continually points out, people don’t really want heating oil or coolant; they want hot showers and cold beer.

Any sustainability innovation, in the early stages of design for optimal implementation, should undergo a rigorous testing of the five whys to ensure it actually answers the needs of its targeted users. Likewise, education and marketing for an innovation should encourage potential users to ask the same thing about their problems and priorities so that may assess the appropriateness of an innovation to their situation. While the five whys framework will not transform designers, adopters and organizations instantaneously into expert whole-systems thinkers, it is a good and practical place to start.
The Five Whats: Technology Diffusion and Innovation

Rogers (1995) cites five characteristics as key to the adoption of any innovative technology. As with the five whys exercise above, these characteristics should be studiously examined in developing, marketing and implementing a sustainability innovation.

· Relative advantage

· Compatability

· Complexity

· Trialability

· Observability

Again, at the design phase, a sustainability innovation should be sent through these criteria to assess and predict the likelihood of its adoption.  Solar cookers, for example, arguably have a huge relative advantage over a costly, labor-intensive, air-polluting wood fire. The cookers score high on the observability and trialability level (particularly when introduced by trained workers). While the technology itself may not be that complex, however, the cases described above indicate that some of the concepts underlying the technology have an overwhelming level of complexity from the perspective of some of the populations they seek to serve. Likewise, their compatibility with social and cultural patterns within the target population may often be the biggest cause of their eventual rejection. The paperless office concept was compatible with computer technology being adopted for other reasons, and was observable, trialable and potentially reduced complexity. Unfortunately, however, for the human beings doing the paper shuffling, editing and information organizing, electronic information still lacks that crucial relative advantage over paper—you can touch, manipulate, and scrawl upon the stuff. For energy-efficient buildings, the enormous financial stakes can make the trialability of a whole-systems design project the biggest barrier of all for potential adopters. 

Sustainability innovation designers and marketers should run through Rogers’s five criteria, identifying the “weakest links” and seeking to mitigate them either in the design of the product at the outset or through training and/or pilot programs. Lindsey
 observed that pilot programs contributed strongly to a company’s decision to permanently adopt a membrane filtration technology.

Likewise, sustainability innovation champions should emphasize the criteria in which the fix is strongest (e.g., its relative advantage in costing; how easily it can be integrated into a production line; and how simple it is to operate). Bierma and Waterstraat emphasize the importance of advertising both the general benefits of CMS, and targeted benefits to each group of stakeholders affected by the technology.

Appropriate Cost Accounting

Environmentalists have been saying for years that in order to properly account for the damage being done to the environment we must take external costs and internalize them within commercial efforts. Likewise, green building experts, energy efficiency initiatives, and other ideas with long-term payoffs run into the hurdle of short-term return on investment criteria.

In his book Profit Beyond Measure, professor of accounting Tom Johnson discusses the merits of management by means (MBM) instead of management by results (MBR). The rise of accounting in this country, Johnson argues, has increasingly hogtied the management of businesses, causing us to put the horse before the cart—allowing quarterly figures rather than the state of relationships within companies to dictate our perception of the health of an organization. Management by means (MBM), as practiced in the famous Toyota Production System, avoids the trap of conventional cost accounting and achieves superb performance results.

Merely using different accounting terms may change a decisionmaker’s perception of a proposed sustainability innovation. For example, savings can be expressed in terms of simple payback (SPB) or internal rate of return (IRR).
 While a three-year payback would be rejected by many engineers (who most often evaluate the adoption or rejection of a technology in SPB terms), a 33 percent IRR is considered quite a healthy investment by most people. Yet, they express the exact same savings.

In the arena of energy-efficient building design, there have been efforts to overcome the barriers of split incentives and incompatible payback time periods via various strategies. One of these is performance-based leasing, in which the builder or owner is given a fee based upon proven reduced energy costs of their buildings. This effectively “unsplits” the incentives for efficiency measures up-front.

Internal Change Agents and Innovation Champions

There is considerable evidence within sustainable development projects that attempts by an outsider to introduce a new technology to the population of a community will be far less successful than an individual within that community championing the same technology to his colleagues.
 Similarly, a study of a particular pollution prevention technology showed that the most significant factor affecting adoption or rejection of the technology was whether or not an on-site innovation champion was present at the facility in question.

At the same time, internal champions, change agents and change aides all need support as well as accurate, persuasive information. Supplying internal marketing materials tailored to individual stakeholders within a company, for example, may improve the chance of CMS adoption.
 Rogers stresses the need for ongoing contact and a high level of credibility as key to a change agent’s success.

Avoiding techno-fixes for the techno-fix

As Rogers points out, it is not necessary for something to be new to be an innovation; it is only the perception of newness by the potential adopter. Perception and context are crucial to acceptance or rejection of a technology. Likewise, cultural and organizational contexts determine whether a technology is indeed the appropriate solution for a certain problem.  Given all of this, none of the above tools is guaranteed to ensure the successful leap across the chasm from techno-fix to successful sustainability innovation.

Conclusion

“... Much innovation occurs when people talk, when information is exchanged about needs and wants versus possible technological solutions.”
 

Everett Rogers

A technological innovation, Rogers notes, is ultimately an exchange of innovation; thus, the adoption of a technological innovation, ultimately, is about communication. For effective implementation of sustainability practices to occur, there must be an increased awareness of barriers and a systematic approach to overcoming them. Techno-fixes occur and founder at the application stage because they lack the necessary context to turn them into real-life solutions. Proper, thoughtful design, education and outreach, systematic assessment of the problem to be answered and the cultural factors surrounding it, and cultivation of internal champions can all help the right technological idea to become the right long term sustainability breakthrough.
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