The following statement is issued by the International Factor-10 Club. Club members are united in their mission to catalyse progress toward sustainable development by making the concept operational and by providing information, indicators, tools, and examples of best-practice. Founded in 1994, the Factor-10 Club comprises individuals from around the world who are resource management experts and practitioners, business leaders, and heads of scientific institutions, business groups, and non-governmental organisations.

STATEMENT 

Preamble

Sustainable development requires action on many fronts. A key front is natural resource productivity. Resource use per se damages the environment. Disturbance is inevitable in both the materials extraction and return phases. Resource use also has wide-ranging social and economic implications, many of which are bad. The environmental, social and economic effects of the use of materials, energy and other natural resources now surpass rates that are sustainable. Moreover, resource productivity improvement rates are too slow to reassure us that the situation will self-correct. The situation calls for a purposeful resource productivity revolution within industry and society. Leadership responsibility for this rests with industrialised societies. Owing to the long lead times involved, we must start immediately. Delay will impose high costs and reduce opportunity to steer a different path.

It would be impossible - in principle - to be absolutely precise about the needed level of resource productivity improvement. However, we are in no doubt of the need for a target or of the broad magnitude of the needed change. For reasons we outline, industrialised societies should aim to achieve average ten-fold increases in resource productivities within the lifetimes of generations now living. Such a goal is not only feasible, as we show; it is an imperative for continued progress. It would improve the quality of life of communities, provide opportunities for business, enhance the competitiveness of economies, generate employment and increase the potential for wealth creation and its more equitable distribution. It would avoid the looming prospect of tragic and painful social, economic, political and environmental discontinuity. 

We are under no illusion as to the enormity of the challenge. A ten-fold increase in resource productivity is not a simple matter. It requires more than technology or efficiency. It requires an emphasis also on sufficiency, equity and quality of life. It requires reform of incentive systems, especially of fiscal measures that undervalue energy, materials and the services provided by nature and of subsidies that are economically perverse, inequitable, ecologically destructive and trade distorting, all at the same time. It requires a careful balance between long and short term goals, reform of long-standing policies, and well-designed strategies to accomplish these. Most of all, perhaps, it requires maturity, compassion and wisdom.

Ascribing appropriate value to natural resources and using them intelligently are keys to improving prospects on a broad range of fronts in all societies. As such, Factor-10 forms part of an agenda that is more than purely environmental. Within that agenda, the factor concept holds advantages at several levels and in several capacities. Among these, Factor-10 holds out the potentially inexhaustible growth and welfare possibilities of switching to an economic paradigm based on seeking returns to natural resources; possibilities that so far have hardly been touched upon. Factor-10 is potentially a core concept around which constituencies in favour of these changes might be built.

Many will argue that our goal is outrageous. Our critics will try to dismiss us as alarmist, arguing that resource productivity improvement of the magnitude we propose is unnecessary, impossible or unrealistic. Most probably, our critics will argue all three. We ask them to examine our arguments and their own motivations. We believe our critics to be wrong. We urge concerned political, community and business leaders to take-up Factor-10, develop its advantages, and implement it as a goal, metric, guiding principle and design tool for sustainable development. We, the members of the Factor-10 Club and the organisations that we represent, commit ourselves to providing help and support.

The factor concept

Although the principle of sustainable development has been widely adopted, progress toward it has been hindered by lack of operational definitions; most significantly, for the core concept of resource use. There is urgent need both for robust directional indicators and for a specific macro-scale target with operational meaning at all levels of agency and which can be translated directly also into micro-level targets and actions. To meet these needs, we advance the factor concept as a basic principle for resource management. The basis of the concept is the productivity of resource inputs. At macro-economic level, the resource intensity of the economy is related to the value of all goods and services produced. At the scale of specific constituent products and services, the resource inputs are related to the service values obtained from them. In either case, the result is expressed in the form of a single composite index; the resource productivity. The factor concept uses current resource productivities as the benchmark for improvement. 

In the energy field, where this form of analysis was pioneered, the use of productivity indicators has achieved dramatic benefits. It has led to innovative policy and business management tools that emphasise the energy service-rendered rather than the energy supply per se. With the factor-concept, we aim to move these advantages into the wider domain of total natural resource management by using it to develop a generalised, macro-scale economic target reflecting the overall level of resource productivity improvement needed to assure future progress and quality of life. Our recommendation for industrialised societies is to set the goal for improvement at an order of magnitude; i.e., at Factor-10.

Why Factor-10?

In part, this is because present rates of use of natural resources are already leading to levels of environmental stress and damage that are unsustainable. Natural systems are already unable to process and recycle fully the waste products of economic activities while direct damages during the extraction phases are diminishing the capacities of natural systems to continue supplying vital services. Even with current rates of resource use, there is build-up of radiatively-active gases and of ozone-depleting substances in the atmosphere, of nutrients and toxic materials in water courses and oceans, and of acids and salts in soils. There is loss of topsoil, water-retention capacity, forest cover and biodiversity. Large tracts of land have been taken from productive use by desertification, slope erosion and marine-inundation. Still more is lost to urban, industrial and transportation uses. The richest and most easily worked mineral deposits are depleted so that more energy and materials now have to be invested up-front to extract useful materials from lower-grade reserves. End-of-the-pipeline environmental protection, waste treatment and similar defensive and restorative expenditures are among the fastest growing consumers of GNP. The social and economic costs of measures against environmental change are already a large and fast growing burden.

We must juxtapose this with three other trends. Since the beginning of the 1980s, the gap in natural resource use between the world's richest and poorest people has grown rather than diminished. Currently, 20 percent of the world population consumes more than 80 percent of all resources. The gap between rich and poor in per capita resource use and in material living standards is widening. In the context of abject poverty and material deprivation on the scale that exists today, this trend is to be deplored. Another critical trend is population growth. The world population is projected to double over the next 50 years. This will impose an irreducible extra requirement for natural resources. A final factor is rapid industrialisation, especially in the southern hemisphere where many of the additional population will live. Southern nations will improve their material living conditions. It is inevitable that their economic growth will be resource consumptive. Infrastructure-building alone will incur massive resource and natural system disruption costs. 

Taking these in turn and together, we can build a picture of the magnitude of the challenge ahead. Although the resilience of natural systems is uncertain, the damage signs indicate that current rates of resource use are already unsustainable. To halt the build-ups and losses just described will require more than a 10 or 20 percent reduction in resource use. Some scientists now see a halving of resource throughput as nearer the mark. Nonetheless, whether rates of resource use can be sustained close to current levels or need to be halved is less an issue than is either the inequitable access of population to resources or the realities of population growth and industrialisation in the south. All of these imply that demand for natural resources will grow. As the economic take-off of those nations now on the verge of industrialisation takes hold, competition for available natural resources will intensify. This development is unstoppable. If generalised, the current per capita rate of natural resource use by the wealthiest 20 percent of the world population would lead to an eight- to ten-fold increase in resource throughput by 2050. Such an increase is impossible. Some convergence in resource use is therefore essential and inevitable, independent of the need for environmental protection.

If that convergence is not to imply a fall in the living standards and quality of life of those with already privileged access to natural resources, the productivity of natural resources will have to increase. To go even half way toward convergence, a four- to five-fold increase in resource productivities is needed - and this without even reducing the overall materials and energy throughput of our economies and societies at the global level. If simultaneously we are to secure the continuing supply of environmental services as well as economic services, this throughput will also need to be reduced. If reduced to half, which we advocate, the minimum needed overall resource productivity improvement that would preserve quality of life in the already industrialised countries would be at least of the order of Factor-10.

Is Factor-10 necessary?

Despite the commitment of nations to sustainable development in principle, back-tracking is evident on almost all of the twenty sustainability imperatives specified by the Brundtland Commission in Our Common Future. Incremental improvement in the productivity of use of natural resources is being made and is to be applauded, especially when improvements of a few percent are embedded in chains that deliver compound gains of up to a Factor-2. A 3% per annum improvement in resource productivity is typical of best average past performance. Most such gains to date have been made by improving the efficiency of materials and energy use on the supply side. Nonetheless, the question must be asked: Would such incremental change be sufficient? If such a rate were to be continued over the next 50 years, the compound gain would be in the order of Factor-3 to Factor-4. Although substantial, this is not enough. 

Only when we spell out the overall challenge and set a target in relation to this, however crudely and imprecisely this is derived, can the conflict between it and present trends be seen. We can be absolutely sure that present rates of resource productivity improvement offer no hope of reaching Factor-10. Moreover, under prevailing incentives, technologically-achieved efficiency improvements currently made are being more than offset by increases in overall resource consumption brought about by lower costs. The 'rebound' or 'boomerang' effects of efficiency improvements mean that for each step forward, we take more than one step back. Vastly improving natural resource productivities while simultaneously moving to a 'sufficiency' culture offers the only possibility of increasing overall welfare while capping or reducing total annual resource use. In effect, nothing short of a combined efficiency/sufficiency revolution will do.

The multiplicative nature of the calculation means that the level of the resource productivity improvement needed for preserving quality of life in the already industrialised world will be high whatever assumptions are made about the four specific components in the equation. It is folly to ignore that fact. This is not to underestimate the size of the task involved in achieving resource productivity gains of Factor-3, Factor-4 or Factor-5. We are fully aware that improvement of this level while simultaneously reducing overall resource use would be an enormous achievement. Nonetheless, to set Factor-10 as the target for resource productivity improvement is by no means to exaggerate the need. Even this could prove conservative. In the extreme case of halving resource use while fully meeting an equity criterion in a world of 10 billion people, the need would be closer to Factor-20 than to Factor-10, and would not stop there since population growth may continue beyond 2050. Moreover, since Factor-10 is an aggregate (macro-level) estimate, the needed improvement for some specific materials or resources will be more than this, or in some cases less. 

Is Factor-10 possible?

Within the lifetime of generations now living, nations can achieve a ten-fold increase in natural resource productivities. Indeed, the overall scope for resource productivity increase is probably close to limitless. The fact that patterns of natural resource use are now so grossly inefficient and profligate gives enormous scope for technological and organisational efficiency gains on both the supply- and demand-sides and for gains through structural shifts toward a sufficiency culture. Equally, gains are possible at all stages in the materials life-cycle. Each of these different routes and stages offers multiple opportunities for resource saving. Supply-side efficiency gains, for example, can come through materials substitution, materials reduction, materials re-use and, in the case of materials with dissipative uses, the design of target-specific application systems. Across the life-cycle, savings can be made in production processes, product designs, product use, product maintenance/repair/longevity, product multifunctionality, materials recovery and revalorisation of wastes. Changes in user behaviour, especially those that increase usage intensity can supplement technologically achieved efficiency gains. The overall scope for gain is made greater because savings in all of these areas can be compounded.

As an example of compounded gains, we can take car use in cities as an illustrative case. Today's cars are over-designed for city use, to which they are mostly put. A specifically-designed city car would be realisable at substantial resource savings. A Factor-2 dematerialisation could be achieved by straightforward materials substitution alone. Manufacturing processes could also be dematerialised by Factor-1.5. Size reduction would give gains in the order of Factor-3 compared to today's mid-sized cars. Using longer-lived, impact-resistant materials and choosing low-speed, low-wear power-trains, the cars could be designed also to last three times longer. These gains give a compound resource productivity improvement of more than Factor-20. However, this improvement can only be realized on the macro-level, if people are strongly encouraged by incentives to use city-cars inside communities and if they are strongly discouraged from purchasing city-cars merely as a second or third car. The gains could be still further supplemented by organisational and behavioural changes aimed at increasing the usage intensity; for example, by shared usage schemes. The acceptability of these changes would be improved by greater flexibility in working and shopping times and if access to conventional cars for long-distance trips were assured when needed by affordable leasing programs.

Success mostly depends upon how the challenge of improving resource productivities is perceived and approached. Recent studies underscore that there is insufficient potential in 'ecologising' current technologies. At best, the present generation of products and processes can be gradually improved over the next five years, generally delivering gains of between slightly higher than Factor-1 and Factor-2, and the next generation of designs further up-graded, delivering gains within a 10-15 year time frame of around Factor-4. Within a 30-year time frame, technological leaps involving wholly new technologies and delivering much larger savings are possible. However, theoretical limits to supply-side technological efficiency apply to large sectors of the economy. As a result, it will seldom be possible to reduce the resource intensity of the service-delivery machinery per se by more than Factor-4. Savings over this threshold depend on systems-oriented technological, organisational and behavioural changes, especially changes in user behaviour that increase product longevity, minimise dissipative losses of materials and maximise usage intensity. 

An appreciation of these points is essential for developing relevant approaches to innovation. Because different sources of productivity gain depend upon different actors within the life-cycle chain only rarely will individuals be able independently to achieve Factor-10 improvements. A Factor-10 revolution therefore calls for a change in mindset to achieve concerted actions across different actors to co-ordinate and compound gains. This will depend upon new and different ways of thinking, especially about concepts of utility and about life-cycle accounting of both resources and utility. Radical gains depend upon posing basic questions about technology in new terms, starting from the service needs that people have and 'backcasting' from these in terms of alternative possible service-delivery systems. Because of the long lead-times in designing and implementing wholly new service delivery systems - of the order of 30 years - there is need to begin this process now. Probably the greatest scope for improvement lies in switching from the sale and purchase of goods (the service delivery machinery) to the sale and purchase of services per se. Changes in the demand profile in favour of products and services with high resource productivity will also be needed to achieve Factor-10 at the macro-scale.

To large extent, this explains the importance of the factor concept. It explicitly links a cradle-to-grave accounting of resource use with the delivery of a final service and standardises the measure in unit terms. This means that the focus is not on reducing environmental resource use per se but on increasing the amount of wealth created from the resources that are mobilised. This focuses attention on service needs, encourages a switch from a product to a service-delivery mindset and provides a mechanism to integrate serviceability criteria into designs. Compared with strategies for reducing environmental damage based simply on resource conservation, dematerialisation or recycling, it provides greater design flexibility, including potential to invest more natural resources up-front in the service delivery machinery on the basis of securing productivity improvements on a life-time basis if that investment is warranted. It also gives suppliers oversight of the whole service supply chain and the entire materials life-cycle. Uniquely, these advantages provide the potential to secure the needed ten-fold increase in resource productivities.

The ultimate test of feasibility is whether resource productivity gains of this order are demonstrable in practice by creating lean technologies. There is no shortage of such examples. Already in 1993, Schmidt-Bleek listed in his basic book on the Factor-10 concept a number of cases (Schmidt-Bleek 1993). More than 300 proven dematerialisation strategies - that use only available know-how and are cost-effective under today's incentives - have recently been collated in a study on behalf of the Ministry of the Environment of Baden-Württemberg (Stahel 1995). A further fifty examples of purely technological supply-side efficiency improvements (pertaining to the service delivery machinery) are given in Faktor-Vier (E. von Weizsächer et al 1995). Still further examples are given in two recently produced books featuring eco-designs (Schmidt-Bleek and Tischner 1995; Fussler and James 1996). In agriculture, studies within the context of an Austrian research programme have also demonstrated technically-feasible strategies that meet a Factor-10 criterion. 

Specific examples of resource productivity gains include combined fax/printer/copier/scanners (Factor-4 gains), tire leasing schemes (Factor-4 gains), night-time applications of herbicide (Factor-10 gains), and fibre optic replacements of traditional cables (Factor-40 gains). A high resource productivity cold storage system for domestic (household) use delivering Factor-6 gains over traditional refrigerators for a variable cooling capacity of 200 litres is described in the MIPS Design Handbook (Schmidt-Bleek and Tischler 1996). The saving is achieved by realising a design in which the refrigerator housing is built permanently into the kitchen wall and is designed to have a lifetime equivalent to that of the house. A separately located pump unit is designed to be repaired or replaced easily. Different variants for power supply are possible including adsorbers run from solar panels. Heat released by the cooling machinery is made available to pre-heat domestic water. During winter months, cold air from outside can be used for cooling. The use of surplus energy and of available cold air is controlled automatically using intelligent micro sensors.

Analysis of examples like these demonstrates that the scope for resource productivity improvement depends upon the 'soft' as well as the 'hard' aspects of the technologies involved and that relatively minor changes in the macro-economic context would bring many more to the point of economic-viability. 

Is Factor-10 realistic?

The question of whether Factor-10 is realistic depends on the availability and acceptability of implementable measures that would begin a resource productivity revolution. Notwithstanding that a start can be made within the context of the prevailing price structure (as the above specific examples of resource productivity gain demonstrate), this excludes many technically-feasible opportunities to save resources. Studies confirm that it will not be possible to achieve Factor-10 gains economy-wide, without price changes. Today's relative prices give, at best, mixed-signals. Low natural resource prices make it presently unattractive to focus R&D on improving resource productivity and act, more often, as an incentive to substitute natural resources for more costly factors, in paricular labor. For consistent and dependable progress on resource productivity and complete take-up of all the most attractive resource-saving opportunities, the prices of natural resources relative to other production factors will need to be increased.

Increase in the relative price of natural resources is needed to drive both short- and long-term innovation in favour of Factor-10. Because of the long lead time when innovating radical change, Factor-10 and related concepts like eco-efficiency and eco-design need rapidly to influence and dominate the thoughts of senior management responsible for new business development. For this, there needs to be progress now on relative prices to provide both short-term incentives and assurance of the commitment of nations to a gradual evolution in the long-term macro-policy context in favour of resource productivity improvement. Change is needed to begin to break through the present impasse whereby lack of R&D on eco-efficient technologies is an impediment to the policy reforms that would stimulate their development. Price changes are needed also to prevent erosion of achieved efficiency savings through rebound and boomerang effects. Since price is one of the few mechanisms by which changes in both producer and consumer behaviours can be harmonised toward resource productivity, price must be the principle driver for Factor-10.

We can be equally sure that prices determined under a 'business as usual' operation of the market will not drive a resource productivity revolution. Prevailing incentive structures are distorted and distorting. They are distorted by pervasive market failures, fiscal arrangements and subsidies. Many natural resources are underpriced or are wholly un-priced. The phenomenon of externalised costs of resource depletion, ecosystem disruption and pollution is already well known. The bulk of the tax burden is imposed in the form of labour charges. Added to this is the distorting effect of subsidies. As well as direct subsidies, there are many indirect subsidies: publicly-provided infrastructures; publicly-subsidised provision of waste disposal at socially-affordable prices; public support of unprofitable 'sunset' industries; and, implicit public-underwriting of commercially-uninsurable risks. Although often overlooked, these 'hidden' subsidies nonetheless distort relative prices. In essence, the playing field as currently established is level neither for labour nor for resource-conserving technologies and business approaches.

All of these sources of distortion work in the same direction to underprice natural resources relative to other factors (labour especially) and exaggerate scale economies. As a result, the factor-mix is systematically biased in favour of labour-saving but resource-intensive technologies. Under prevailing arrangements, the market cannot provide an automatic self-adjusting mechanism. Today's arrangements prevent the market from reacting to already noticeable shortages of natural resources and to the oversupply of labour. Corrections are needed that will allow markets to provide more appropriate signals and incentives. Yet fiscal reform to internalise those costs of resource use not presently included in prices or to switch the tax burden from labour to resource use, which might seem the obvious starting place, is politically impeded. Both within and outside the political system there are legitimate concerns to reduce government interventions. Political leaders are also concerned for the effects of resource price increases on the turnover of the economy, jobs and public finances. In the longer term, as the switch to a resource productivity paradigm is achieved, there are ways of decoupling jobs, revenue-raising and welfare from the material throughput of the economy. In the short term, however, concerns for these are justified. We are conscious therefore that other effective, defensible and attractive routes must be found to begin the resource productivity revolution.

Beginning a resource productivity revolution

The practical approach is first to make information and training materials available to the manufacturing sector and to consumers, including the total material intensity of raw materials (the ecological rucksacks) and labelling of consumer products in terms of overall material inputs per unit service (MIPS). The budgetary practices must be addressed and the removal of distortions arising from government programmes. In the short-term, efforts should concentrate on reducing distorting subsidies and reforming the Regional Development Banks, actions which are implementable by government, would be effective and would command wide political support. Subsidies and their effects are pervasive. The sums involved are substantial. They affect critical cross-sectoral areas like energy, transport and waste. And subsidies go mostly to established, large-scale, centralised, resource-intensive technologies. Desubsidisation would begin to reduce existing biases against resource-conserving technologies. As desubsidisation would imply higher prices for resource-intensive products, this would also work towards reducing demand for these. Another important step is to reform the investment criteria of the Regional Development Banks. Reform on resource productivity lines would give a critical boost to the change process because of the influence these banks have on the lending and investment appraisal criteria used by private lenders.

In many cases, only small shifts in the relative costs and benefits of competing approaches are needed for resource conserving strategies to come to the verge of competitiveness and achieve self-sustaining market penetration. Basic research in information technology, materials science, renewable energies and genetics promises a strong thrust of new eco-efficient technologies that could provide the basis for competitive, resource-conserving business plans. There is also a powerful latent demand for 'green' products and services. These suggest that, in many cases, desubsidisation and reform of lending criteria would be sufficient to begin to turn the tide. The wider range of technologies and approaches that these reforms would make viable and the increased sensitivity they would give to market mechanisms, would in turn help facilitate longer-term fiscal reform for which there is currently insufficient political support.

Efforts in support of this strategy need to be developed in association with the relevant economic agents and those with the powers directly and indirectly to influence the innovation context. Latent consumer pressure should be released by requiring manufacturers to provide fuller information on the resource intensities of their products and services. It will also be important to influence distribution companies because of the strong pressures they can exert on both up-stream and down-stream materials and design decisions. Building a ground swell of success among small- and medium-sized enterprises is also important because these are often the most dynamic and flexible economic agents who are well positioned to develop and profit from new business ventures. All successes will help further erode remaining resistance to longer-term and more far-reaching economic reform. 

Carrying it through to completion

In the longer term, other changes will be needed. A serious problem for Factor-10 is the ambiguity of the present system of national accounting. As GNP is currently calculated, the values of welfare-enhancing goods and services and of the materials used in the processes of delivering these are both counted as contributing to national income. This confuses output and throughput. The latter is actually a measure of the inefficiency of producing the former, an ambiguity that ensures a statistically strong link between GNP and the material throughput of the economy. A corollary is that the present approach to national accounting could signal resource efficiency improvements as negative rather than positive and that efforts to secure growth could run counter to resource productivity improvement. Recent work to examine the relationship shows that some resource productivity improvement (up to about Factor-4) is compatible with GNP growth as currently calculated. However, macro-scale resource productivity improvement of Factor-10 is incompatible with GNP growth since to achieve the former necessarily involves reducing the contributions to GNP from materials-intensive sectors and activities. 

The present system of national accounting has been under serious scrutiny and criticism from economists since the 1960s and its overhaul is warranted on a range of grounds. This new concern in respect to resource productivity adds further to the case. Either the system of national accounting must be reformed or GNP must be dropped as the principle metric and goal for economic progress. Indicators and goals consistent with resource productivity improvement need to be developed and incorporated into a new, unambiguous, overall progress indicator. Another implication is that the politico-economic paradigm itself, many of the assumptions upon which it is based and many policies designed to foster GNP growth also need revision if the incentive structure is to encourage and reward long-term, resource-efficient welfare creation.

Rather than representing barriers to change, these will increasingly be seen as important sources of new opportunities. Systematic study of the prevailing development model suggests that the pressing social, economic and environmental problems we now face are endemic to it. The model is relict from a time in which it represented a response to the needs of societies for which increasing output was the major issue. It has not yet been adapted to, and so does not serve, the needs of late-industrial societies, which face a wider and more balanced set of issues. There is also growing evidence that the current incentive structure and the dynamic of global competition, which systematically focus attention on increasing labour productivity, may provide only limited further opportunities for productive investment and capital accumulation. This will strengthen the search for a new development model in which incentives are restructured around goals other than labour productivity and turnover growth. Achieving returns to natural resources would provide both the needed dynamism for innovation and a focus for competition. Increasing resource productivity represents an opportunity to provide potentially unlimited scope for capital accumulation.

Preliminary work based upon input-output analysis, strongly supports the hypothesis that as well as relating positively to an Index of Sustainable Welfare, Factor-10 innovation would correlate positively with progress on a range of non-environmental indicators relevant to social and political stability and cohesion. Comparing three different development scenarios (one based upon boosted but conventional economic growth, one based upon business-as-usual and one based upon Factor-10), only that based upon Factor-10 was found to relate positively with and to lead to improvements in social indicators. The work not only draws attention to the potential of radical resource productivity improvement to break through the limitations imposed by the current development paradigm and to deliver results (especially on the employment front), but also challenges the prevailing assumption that job creation and environmental protection are incompatible. To the contrary, the work demonstrates that job creation, profitability and eco-efficiency could be designed to run in parallel. It proves the theoretical feasibility of building an incentive architecture in which there would be strong positive links between eco-efficiency, social cohesion and political stability. This is important evidence that Factor-10 may be an imperative not only for social, economic and environmental sustainability, but for the sustainability of current political systems.

Factor-10 as a change catalyst

In the short period since its advance, the factor concept has been used by Club members in different scientific, political and business contexts and has proven its effectiveness in catalysing change. The factor concept has been used within a number of national research programmes. These include: Sustainable Germany, which sets out consistent visions of alternative futures for Germany and describes principles and pathways for transition appropriate to each; the Dutch Sustainable Technological Development Programme, an inter-ministerial programme aimed at embedding principles relevant for long-term technological development into Dutch society; and, the Austrian Islands of Sustainability Programme, aimed at integrating the factor concept into regional and landscape planning processes and increasing the resilience of independent actions to economic integration and globalisation processes. 

The factor concept has been used successfully by several leading companies in a wide range of different socio-cultural settings. In Switzerland, Dow Chemicals has used it to develop a design and evaluation tool, an 'eco-efficiency compass', which is being used to stimulate new business development. Examples include a project aimed at developing ultra-low resource intensity housing and a new mulching film made from compostable materials that can be biologically programmed to begin decomposition at a specific time. In India, the concept has been used to develop and promote high resource productivity energy-supply, paper making and construction methods based upon small-scale, labour intensive technologies that use abundant, locally-available materials. Evaluations show that, compared with conventional technologies with higher resource intensities, production costs using these methods are lower and returns on investment higher. 

From these specific cases, generalised approaches to ecological-product design, business development and innovation are being developed. Members of the Factor-10 Club have developed databases on the resource intensity of basic materials and mass commodities, design handbooks and tools such as MAIA (MAterial Intensity Analysis, for calculating total material inputs) and an eco-efficiency compass (for eco-efficient design). These all use Factor-10 as a guiding principle. Initiatives are also underway to promote information sharing. A design data bank has been established in Austria that is accessible through the WorldWideWeb. The Hochschule der Künste Berlin has included eco-design specifications to its multi-media "Info.Pool Design". In the Netherlands, the United Nations Environment Programme Working Group on Sustainable Product Development has built an international network for collaboration and for information and ideas exchange.

In related developments, the German Parliament has established an Enqête Commission for looking at the implications of material flows. Also, factor concept has been considered as a theme for the World Exhibition, Expo 2000, to be held in Hannover, Germany, which will highlight technical and societal achievements that follow the Agenda 21. In the US, the President's Council on Sustainable Development has taken an active interest in Factor-10 and eco-efficiency. The Canadian government has established a Commissioner for the Environment and Sustainable Development who will review government policies and programmes on sustainability criteria and report annually on these to Parliament. The UNEP Industry and Environment Programme in Paris has informed its Clean Production Network about the Factor-10 developments and is considering to include lean technology as a new topic in its work. The EU has established  procedures for reviewing its expenditures on comparable criteria. The European Commission's latest Action Plan for the environment also leans heavily on the concept of significant reductions in materials and energy flows. The OECD has taken-up Factor-10 as a project theme. The World Business Council for Sustainable Development has called for eco-efficiency and up to Factor-20 resource productivity increases to be adopted as targets by businesses. Austria, meanwhile, has become the first country to adopt Factor-10 as an official national target. Plans are underway now to inform the manufacturing sector about approaches to dematerialised design and construction.

Concluding remarks

Our development pathways press hard upon the disadvantaged, upon community solidarity and upon nature. This is not because needs cannot be met or because nature is restrictive. To the contrary it is perhaps because nature is so bountiful that we have not learned fully to value her gifts or to use them wisely. We are only now at the beginning of a learning process in making the transition to more sustainable and inclusive development pathways. A new way of thinking about and managing resources is central to this process. There is need simultaneously to achieve an efficiency and a sufficiency revolution. This will only be possible if we reform incentives and, in the longer term, the development model itself. However, the case for needed reform does not depend on proving the risk of catastrophic anthropogenic environmental change. Policy reform that would support a revolution in resource efficiency and sufficiency will increasingly be needed to solve other problems that are intrinsic to the prevailing development model. The biggest obstacle at present is lack of commonly agreed operational principles and targets to steer the change process.

Factor-10 is valuable precisely because it meets this need. It encapsulates the magnitude of needed change in the critical core area of resource productivity and spells out clearly that present rates of change are not enough. By setting targets, we are better positioned to create visions of sustainable futures as the departure point for backcasting and for policy guidance. Factor-10 is simple to communicate and to understand. It is equally valid as a metric and target across all scales and boundaries of reference and has meaning for all agents involved in change. In the micro-innovation context, its linguistic association with the engineering professions gives it a special role as a design and evaluation tool. Factor-10 is a proven stimulant to business creativity. It has been used beneficially in several economic sectors and in business contexts as differing as Switzerland and India. As a diagnostic for the macro-innovation context, Factor-10 indicates that sustainability, however widely accepted in principle, is not possible within today's development paradigm. It highlights the nature of the systemic changes in incentives and approaches that will be needed to shift toward paradigms more appropriate to the needs of the new century. 

Factor-10 has already emerged as a bridging concept that can help explain the relationship between radical resource productivity improvement and other imperatives for sustainable development. As the relevant relationships are explored from the perspectives of many different stakeholders, Factor-10 could play an important unifying role. Resource productivity improvement could appeal equally to those concerned with consumption and to protect and enhance nature, communities, equity of opportunity, innovation, competitiveness, profitability, public finances, employment and democracy. Factor-10 could provide the needed focus for consensus- and constituency-building among these interests in support of essential policy changes. Being virtually value-free gives the concept a very broad appeal and suggests that it could have a comparably broad role in implementing change. We urge concerned political, community and business leaders around the world to take up the Factor-10 target and to develop its advantages within their spheres of influence. We, the members of the Factor-10 Club and the organisations that we represent, stand ready to provide help and support. 

