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Abstract

If 5 billion people were to be successful in copying the western life style, more than two planets earth would be needed to supply the resources. Consequently, the radical increase of resource productivity has been widely accepted as a basic prerequisite for approaching sustainability. Dematerialization applies to economies on the macro level and must be achieved for products, infrastructures and services in absolute terms. And it can be achieved without loss of end-use satisfaction. Multiple practical experiences show that such a development is feasible from a technical point of view. However, there is little or no profit in moving in this direction at this time. Labour is expensive in industrialized countries and natural resources are internationally available at relative low prices. Lack of systems maintenance and fast throughputs of mass and energy are still the economic reality of today. 

Without courageous and paradigmatic changes of the economic framework conditions, sustainability cannot be reached. Essential among these changes will be the shift of taxes and other overheads from labour to natural resources - like sealed land, water, materials and energy. Also, certain legal provisions, perverse subsidies as well as norms and standards that favour the consumption of natural resources must be reviewed and adjusted. Only governments can effect such changes. Most governments, however, are not active in this sense to date. Only Japan has adopted so far “Factor 10” as an integral part of her strategic economic development.

A Bird Eye’s View

Suppose we shrank the world to a village counting 100 inhabitants without altering the distribution of well-being and wealth of today. What would we see?

57 Asians would be living in this village, 21 Europeans, 14 from North and South America, and about 8 Africans. 30 would be white, 52 females, 30 Christian we would count. Among those 100 people, 6 would possess almost 60% of the entire wealth and all 6 would be from the United States. We would also discover that 80 would live in substandard housing and 50 suffering from malnutrition. 70 would be unable to read and not even 2 would have a college education. About 95 would have no idea what the words information society or e-commerce mean, and 98 would not own a computer. However, all of them would have begun to feel the environmental consequences of technical interferences with the evolution of the planet earth, even though only 20 would reap substantial benefits from this massive undertaking. About 15 would consume ca 70 tons of non-renewable natural resources annually and the poorest 20 would have to do with 2 tons each. 

Sustainability? Environmental Protection? High Tech? Information Society? 

Too often, I believe, we project our western values, preferences and expectations onto the rest of the world without worrying too much about global realities. Fact is, we are moving away from sustainability in the OECD countries at this time, enthusiastically supported by billions of people in emerging and former communist countries who are copying our way of life with the help of our money through the European Commission, the World Bank and the IMF. Fact is that the world financial markets are unstable as never before, in part thanks to the possibility of moving virtual funds at the speed of light around the globe in socially little concerned quests for maximizing profits. And fact is that the equipment on which the so-called information society depends carries a far greater ecological rucksack
 and is faster obsolete than any other major technology ever put on the market.

The Price Signals Are Wrong

The need for strong efforts to reach an ecologically more sustainable economy is widely accepted. However, the willingness of governments to set and move toward accountable and compatible goals for the ecological, social and economic dimensions of sustainability is still far too timid. The problem is not one that may be solved by some legislative act here or some technical improvement there, but one that only can be solved by a systemic redesign of the institutional framework of the market. The relative prices of labour and resources are wrong. The wastefulness of the present throughput economy is supported by conservative taxation, outdated accounting procedures, perverse subsidies, resource guzzling norms and standards, and lack of innovation. 

Sustainability requires that protecting the environment and economic development be made mutually supportive at the front-end of the cycle when the goals and policies of society are being set, not at the tail end after society has already incurred the damage costs of unsustainable development 
. This can not be achieved with the environmental policies of today which are not precautionary in nature, are barely market oriented, do not encourage sustainability oriented innovation, and they offer no long term perspective or investment security to business. The present state of the art as regards indicators for ecologically sound activities, products, and services is confusing and little helpful for directionally safe decision-making. The international harmonisation of policies seeking to improve sustainability is far from satisfactory. 

An illustrative example of political misconception is its current pre-occupation with the heating of houses, largely because the emission of CO2 associated with space heating has been politically discovered as "the" pollutant. However, the material requirement for heating a typical one family house in Germany for 80 years is a factor 15 or so less than for the construction and maintenance of the building itself. Nevertheless, in the housing sector, public policies continue to concentrate on the energy consumption rather than the total material throughput in this sector of the economy that constitutes in excess of 20 % of the total annual material flow (TMF) in Germany. In fact, constructing new buildings is subsidised (primarily by tax advantages and special loans) in Germany to the extent that old buildings are frequently destroyed before building of new ones begins. Retrofitting, on the other hand, needs considerably less investment of natural resources and creates more jobs.

Another example: the environmental performance of manufacturing plants continues to be a focus of policy attention in Europe rather than the resource intensity of their products (as revealed, for instance, in the EU Environmental Audit regulation). However, when computing the contribution of production activities to the overall resource intensity of goods, it turns out that manufacturing is responsible only for a few percentage points in most cases. The major problems stem from purchasing resource intensive input materials and pre-products, and they have to do with the design of the product, as well as with the consumption of resources during its use, maintenance, repair, re-manufacturing, recycling, and disposal. 

The Factor 10 Club, an international group of scholars, politicians, and business people believes that environmental protection as practised today in most countries is unsustainable 
. Both from an ecological and economic point of view, there is a need for more rational, focused, effective, systematic and quantifiable environmental policies. The key is to shift the balance of concern from the monitoring and control of pollutants and wastes to a new focus based on resource use. The Factor 10 Club also believes that a tenfold dematerialisation can be achieved within one generation.

Most governments, corporations, and voters continue to assume that a healthy economy is one that uses increasing amounts of energy, materials, and resources to produce more goods, more jobs, and more income. This assumption is a holdover from the mass economy of a dying age, an age in which growth was marked by a steady expansion in the production of energy, the depletion of resources, and the degradation of the environment. Although passé, this assumption still dominates public policies in finance, energy, agriculture, forestry and other sectors, slowing and sometimes stopping and even reversing the transition to a new, efficient and more sustainable economy.

Dematerialising the economy is an absolute goal. While in many technically advanced countries the division of total national material flows by GDP shows an apparent dematerialization trend, the Total Material Flows (TMF) may still increase substantially. In Austria, for example, the total national material input rose by 90 % during the period from 1960 to 1995, while the GNP increased by almost 200 % during the same period of time. The apparent national material intensity decreased by 37 %, while the natural resource flow from the ecosphere almost doubled. This is ecologically an obviously unsustainable situation, even though the numbers may indicate otherwise. 

Technology Responses

The technical response to the first wave of environmental protection policies during the late 1960s and early 1970s was the development of technical means to reduce the leakage of specific substances and materials into the environment, together with the development of analytical equipment for their detection in environmental media. The "oil shocks" of the 1970´s have lead to significant technical achievements in energy savings with real benefits to the protection of the environment – and to the bottom line. Starting in the 1980´s, recycling efforts began to take on significance in industrialised countries, both for individual materials (such as glass, aluminium, or paper) as well as for particular product groups, such as packaging, electronic equipment and cars. It was believed that through these efforts the consumption of natural resources could be significantly curtailed, as well as leakage of dangerous materials into the environment. In reality, less than 1 % of the technology induced material flows for Germany are recycled today in spite of enormous costs, both in money and natural resources. Most other countries fare less favourable. In the early 1990´s, "Integrated technologies" and "cleaner production methods" began to appear, avoiding known pollutants through altered processes and consuming less energy. The Industry and Environment Office in Paris of the United Nations Environment Program (UNEP) took the lead in this development very early on a global level. 

However, the basic nature of existing technologies was not questioned and still there is much effort to “ecologise” established technologies. The present-day automobile (which in fact is basically an almost 100 year old technology) is an example for this approach: Instead of responding with innovative technological solutions to the well known demand of inner-city transportation of people, each big car of yesteryear is fitted with expensive catalytic converters. More than two tons of non-renewable natural materials must be trans-located today in order to build such a "cleansing" device, easily exceeding the actual weight of the car itself. In Germany and other countries, this device was heavily subsidised in order to make a speedy introduction attractive. By a systems approach, the consumption of natural resources for inner-city private transportation could be curtailed by a factor of 10 and more.

It is a question of engineering and architectural intelligence how much and what kind of energy and mass is needed for generating a certain quantity of value or utility. 

When designing products for improved resource productivity, the resource intensity of raw material plays an important role. For instance, 1 kg of copper requires the technical conversion of 500 kg of non-renewable nature before it is available for manufacturing goods. The “rucksack factor” of virgin copper is therefore said to be 500. The “rucksack factor” for aluminium is 85, for paper 15, for steel around 10 and for most plastics considerably less than 10. The “ecological rucksack” of any product can thus be computed, provided its material composition and its weight are known. The “ecological rucksack” of a product is defined as the total natural material used for this product minus its own weight. A product may obviously have a much larger - or smaller - “ecological rucksack” than its competitor and still weigh the same 
 
.

The principal task for engineers, designers, architects and natural scientists is to create products and systems that allow to extract a maximum amount of utility from the least possible nature for the longest possible time with the least possible use of space. In short: In products for sustainability, mass, space need and energy have to be replaced by brainpower. 

How else could economic growth be achieved on a planet with limited resources in the face of a growing population with increasing demands?
When I first proposed Factor 10, engineers and my fellow chemists thought such acrobatics in numbers were far away from real life - until they discovered that I was not talking about 1000 % improvements in efficiency of existing technology, but rather meant the sharp reduction in use of nature for satisfying defined social choices. The focus of the MIPS/Factor 10 Concept 
 is on service, utility and values, not goods. As Aristotle remarked already more than two thousand years ago: “True wealth is the use of things, not their possession”.

Today, industrial products carry an average rucksack of some 35 kg of non-renewable natural resources pro kg of product. Their "water rucksack" is typically some 8 to 10 times bigger. That means that considerably more than 90 % of the originally disturbed non-renewable natural resources are wasted on the average before a product is ready for the market. The rucksack of "high tech" products such as computers or catalytic converters for automobiles are much larger. They weigh several hundred kg pro kg.

Agriculture fares no better. Considerably less than 10 % of the bio-mass produced is actually consumed or used to satisfy needs of end-users. And on the average, several tons of erosions are generated for every ton of crop in most countries, largely due to "modern" mechanical preparations of soil. 

Energy

It may well be trivial, albeit worth repeating that the present overuse of natural resources is not limited to energy. In fact, from an ecological point of view, it is not the use of energy itself that causes ecological concern. Rather it is the ways in which energy is generated, transported and used today that interferes heavily with the climatic conditions and life on earth in general. The massive use of oil, natural gas and coal is ecologically significant not because we turn it into energy, but because we put huge mass streams in motion which, after oxidation, become a particularly troublesome cause for ecological changes in the form of gaseous mass flows. 

The ecological approach to reducing the material input pro unit energy output (the MIPS) is to dematerialise as far as possible the equipment used to capture and transport solar energy, and – even far more important – dematerialise the entire economy. Factor 10 would reduce the overall energy need by roughly a factor of 5 with present day technology. Dematerialising ICT drastically would make a particularly important contribution since this sector is expected to show above average growth rates worldwide for many years to come.

In my model for sustainability, natural resources are non-renewable and renewable materials, soil, water and air.

Rucksack Factors, MI and MIPS 

In order to facilitate the rapid computation of the rucksacks of technical products at the point of sale, the rucksack factors for a large number of base materials have been compiled, based upon average geological concentrations and the most commonly used processes involved in making them available for further use. Many such “rucksack factors” are available from the Wuppertal Institute via internet (www.wupperinst.org/Projekte/mips-online ). 

Rucksack data by themselves give no information on the resource needs pro unit of service (or per unit utility or extracted value). This is why I proposed MIPS as a measure for the environmental impact potential of a product, stated in terms of its specific material plus energy inputs, or the Material Input Pro unit of Service (or utility or extracted value), - the MI / S, or MIPS.  The material and energy input MI can obviously be measured and is (up to the point of sale) identical in concept to the final gross sale value of products. 

For products that can deliver services, or are utile, the MI term in MI/S is the total MI of the product (the "service delivery machine") plus the material and energy needed (e.g. water and electricity in a washing machine) during its entire useful life time: MI is the total natural material input from resource extraction, production, use, maintenance, repairs, disposal etc. 

S  cannot be measured. It is a matter of social choice. And social choice depends to a significant extent upon the efficiency of the market. Once the economic boundary conditions have been adjusted, as indicated above, social choices are expected to become more environmentally benign since prices should more closely reflect the "ecological truth".

The capacity utilization of a product needs also be considered when designing products for the future. For instance, the MIPS of a bus or a car depends critically upon how many people are being transported simultaneously (on the average). The MIPS of a passenger car can obviously be better (lower) than that of a bus which transports only a few passengers most of the time (as is not entirely uncommon with certain public transport systems). A well-insulated house for one person only is ecologically not sensible. 

The MIPS can be improved (can be lowered) by either lowering MI for a given S, or by increasing S with a fixed quantity of resources (improving the capacity utilization). Both changes can be achieved through technological as well as social innovations. For example, by increasing the longevity of goods, by leasing rather than selling a product, and by sharing buildings, infrastructures, vehicles or machines can the total number of service units be improved dramatically, without a corresponding increase in the absolute input of natural raw material.  Using a towel in a hotel 2 or three days instead of one day only increases the resource productivity by a factor of 2 to 3.

This is in fact the approach to a knowledge-based, service-oriented and dematerialized economy.

The inverse of MIPS, namely S/MI, is the measure for resource productivity. Resource economists should note that the resource quantities employed here contain the ecological rucksacks of all inputs.

As is the case with rucksack data, MIPS, too, is important for driving innovation, design, manufacture, use, and the marketing of products in the direction of dematerialization because MIPS permits the step by step accounting of added resource productivity. It can equally play an important role in the development of research, innovation, trade, and taxation policies. MIPS also permits to assess the “ecological price” for all goods and services.

Design

There follow some suggestions for dematerialising technology 
 
. One should point out that in a saturated market the deliberate and massive introduction of dematerialised goods may well lead to increasing consumption of natural resources, at least in the short term. Careful assessments of the overall material balance as a function of time should therefore be applied before decisions are taken. For instance, to offer financial rewards for exchanging old refrigerators, PC’s or cars for new ones in order to reduce the energy consumption during use may well lead to an overall increase in the use of natural resources. 

However, dematerialization takes on another dimension and offers different options when considering the technical development of emerging countries. In this context, the following suggestions may be particularly important when developing strategies for exports of goods and services to non-industrialized countries, or developing plans to produce and install equipment, buildings and infrastructures in such countries.

The hallmarks for products, vehicles, buildings and infrastructures of the future can be summarized as follows:

· The number of service units obtainable (the "service delivery machine") must be as large as possible.

· The life-long material input into processes, goods and services must be as low as possible. 


· The life-long energy inputs into processes, goods and services must be as low as possible  

· The land use (surface coverage) per unit service must be as low as possible, from cradle to grave.

· The dispersion of toxins must be minimal

Increasing the resource productivity of goods, buildings and infrastructures can be achieved in different ways:

· they can be made to last longer;

· they may be leased to and shared by people, rather than being sold;

· they should be constructed in a modular way so as to allow easy up-dating, re-manufacturing, and re-cycling. Connections between parts should be easy to open; 

· they could be designed to yield different types of utility with no or only little increased rucksacks, such as the famous Swiss army knife; and

· they can be dematerialized by replacing materials with high rucksack factors by those materials with smaller rucksack factors. In fact, this is usually the fastest and most cost-efficient way to obtain good results.

However, from the point of view of approaching sustainability, a more challenging and far-reaching approach is this: Define first the utility demanded by society - or a bundle of related choices - and then create a new type of service delivery machine – or a systems solution - that can reliably deliver this utility with the highest possible resource productivity. 

In the case of buildings, easy flexibility of room sizes and options for varying use of space in general is of paramount importance, not only for commercial structures but also for housing. Retrofitting instead of destruction and re-building wherever possible, avoiding cellars wherever feasible, “Lotus” surfaces (not accepting any dirt or wetness) inside and out, long lasting and easy to clean floor coverage, and piping without right angles (to reduce resistance and thus motor power) are some architectural and engineering features that can help to save enormous quantities of resources.

In other words: There is no technology fix involved when generating dematerialized services. This implies that any technical route toward delivering utility with less resource inputs than previously necessary is to be favored. This is an open invitation for pro-active inventors to continuously look for new and better ways to serve human needs. In fact, it is to be expected that equivalent services will be made available over time for which the material needs are replaced by knowledge and know-how by factors far beyond 10.

Turning The Attention To Sustainability

I strongly believe that the time is now for looking beyond protecting the environment and focussing ones’ attention on approaching sustainability. And sustainability is not just an environmental issue. Social and economic sustainability is equally at stake and they are intrinsically related to each other and to our dealings with nature. This “sustainability triad” calls for massive innovation, and it needs systemic, simultaneous and equitable policy action, urgently. Incremental step-by-step approaches of governments to solve problems have led to improvements in the past, but progress towards sustainability cannot be achieved through isolated approaches. Repairing flood damage, for example, requires attention to changing social choices and ecological requirements, not just economic support for re-construction. The current use of natural resources continues to severely damage the life-sustaining services of the environment. Past actions have not reversed the deadly trend of destroying the vital functions of the eco-sphere that underpin all economies and social cohesion. Shifting taxes from labour to natural resources would surely be a far more beneficial move toward sustainability than imposing another recycling law or replacing asbestos in buildings.

A courageous and significant paradigm shift is required as regards social equity, our management of natural resources, and the efficiency by which they are used for the benefit of all people. But neither sufficient know-what, know-how, know-who, know-when, nor know-where exist today for underpinning these changes scientifically.
Sustainability will be won on the market, or not at all. Restructuring the global economy to make it socially, ecologically and economically sustainable, presents the greatest investment opportunity in human history. And only governments can give the signals to the market that will bring us closer to sustainability.

Approaching sustainability systematically requires the following steps:

· Description of realistic and consistent “landing places” (sustainable investment targets), reflecting regional and global aspirations in terms of social, economic and ecological target conditions in time intervals up to 30 years or so; 

· Agreement on operational indicators, allowing the design of directionally safe individual steps as well as for monitoring rebound effects 
 and determining the distance between the actual situation and the desired “landing places”. Management is not possible without defined goals and appropriate measuring instruments;  

· Identification of existing key barriers against reaching the “landing places”, for instance in areas such as the availability of data and information, laws and ordinances, political pressures from interest groups, structures of public and private institutions, taxation systems, subsidies, consumption patterns, lack of innovation, lack of R&D support, lack of appropriate technologies, as well as norms and standards requiring high resource use;
Significant Properties of Sustainable Products and Infrastructures 

MANUFACTRURING

* material intensity (input materials, processes)

* energy intensity (energy imbedded in inputs, processes)

* renewable resource inputs

* MIPS and COPS of marketable outputs

* waste intensity of processes

* refusal rate for outputs

* Joints between parts

* transport intensity of inputs, processes and outputs

* packaging intensity of inputs and outputs

hazardous materials occurring in inputs, processes, and outputs

USE, CONSUMPTION

* material throughput 

* energy input

* weight 

* self control, self optimisation

* multi-functionality

* potential for subsequent (different) uses (cascading)

* potential for joint (e.g. several families) uses

size 

area coverage 

Disperse hazardous material outputs

* Longevity
* availability of spare parts for extended time period

* surface properties

* corrosivity

* reparability of whole, exchangeability of parts

* structure and ease to dis-assemble 

* robustness, reliability

* likelihood of material fatigue

* adaptability to technical progress

AFTER FIRST USE

* low MIPS collecting and sorting potentials

* re-usability

* usability for different purposes

* re-manufacturing potential for same use

* material composition and complexity (ease of re-cycling) 

* re-cycling potential of parts and materials for same or other uses

DISPOSAL

* combustion potential (usable energy outputs)

potential for composting

____________________

· = properties considered in MIPS – computations

· Developing adequate policy options, and priorities, for overcoming the barriers in a systematic step-by-step fashion within carefully selected time periods;

· Introducing non-partisan policy changes, if feasible in co-operation with other countries and regions.
When developing indicators for developing policies toward sustainability or measuring the distance to “landing places”, they should meet the following conditions: 

· They should be uncomplicated, and yet addressing key issues as regards future ecological, social and economic needs; 

· They must be scientifically defensible, albeit not scientifically complete;

· Indicators should be straightforwardly measurable or calculable, irrespective of geographic locations;

· Obtaining results should be cost-effective and timely;

· Their use should always yield directionally safe answers;

· To the extent possible, they should be acceptable and used on the local, regional and global level.

The European Union is presently considering the definition of sustainability goals, or “landing places” to be reached in some 30 years or so. Structural indicators are being worked out whereby it is believed that only small sets of key indicators should be adopted on the macro level in order to send out clear, understandable and directionally safe political signals. On the meso and micro levels (e.g. on the levels of economic sectors and individual products) more detailed and more specific sets of indicators can and should be adopted. Indicators should be well balanced in order to give equal significance to economic reform, social cohesion and the environment, thus avoiding the development of one dimension of the sustainability triad at the expense of the others. For this purpose interlinkage indicators are also helpful.

Economic development without simultaneously taking into account social and ecological consequences is unsustainable by definition.

There follows a list of provisional “landing places”, structural and interlinkage indicators. While it reflects the work of the European Commission to some degree, it is my own list and still needs considerable discussion. 

Ecological indicators always apply on a cradle to grave basis.

Strutural Indicators


Development Goals

Oekological Dimension


Goal


Until

1. TMF  




down by 3% p.a.

2030

2. Energy intensity of the economy

down by 2% p.a.

2030

3. Emission of greenhouse gases

down by 2% p.a.

2025

4. Urban air quality


up by 3% p.a.



5. Municipal waste


down by 3% p.a.

2030

6. Nature preserves


up by 50%.

2030

Social Cohesion

1. Unemployment rate


down by 50%

2012

2. Distribution of income






3. Poverty rate before and after social transfers


4. Gender pay gap


zero


2012

5. Age pyramid







6. Early school leavers


5%


2012

Economic Reform

1. GNP per capita


up by 2% p.a.



2. Employment rate


up by 1% p.a.

2012

3. Inflation rate



up less than 1% p.a.

4. Real unit labor cost 


up by 2% p.a.

2012

5. Public balance



zero


2012

6. Public procurement


not more than now



Interlinkage Indicators



Development Goals

Oekological Dimension – Social Cohesion


















Goal

until

1. TMF  per person-year



down by 3% p.a.
2030

2. MIPS 
 for product basket and energy sectors
down by 3% p.a.
2030

3. MI  
 and toxic load for food basket

down by 50% 
2012

4. TMF for transportation system


down by 1,5% p.a.
2030

5. MI per square meter of new housing 

down by 3% p.a.
2030

6. MI  for basket of work places


down by 1% p.a.

Ecological  Dimension – Eonomic Reform

1  
TMF/GNP


down by 3/2 % p.a.
2030

2
Productivity of Labour

up

3
Income tax

zero

2012

4
Resource tax

replacing income
2012 




tax 100%

5 Subsidies for the extraction and use of nat. resources 
near zero

2030

6 Patents





Social Cohesion  – Economic Reform

1. Prices for food basket


up less than 1% p.a.



2. Prices for product basket


up less than 1% p.a.

3. Prices for service basket


up less than 1% p.a.

4. Distribution of income


2.5% income quintile ratio

5. Public expenses per capita for education

increase 20% 
2012

6. Secure income for the elderly


75% of highest income2012

Some Examples for Dematerialized Design

The Greencotec Company in Ebental, Carinthia, Austria, has dematerialized its solar heat collector by a factor of 8 through replacing several high rucksack materials. Taking into account a reduced efficiency pro area in the new structure, MIPS was still found to be lower by a factor of 4 than that of the original device. 

The postal service of Finland found that they could halve the transportation intensity of mail delivery by optimizing vehicle sizes and routings.

Bayer Leverkusen, Germany developed the highly selective pest elimination system “Appeal” for apple orchards. Application is performed by hand in small quantities to the stems of trees. It attracts the male insects and kills them, thus interrupting the cycle of reproduction. The otherwise typical application of large quantities of dissolved pesticide is thus avoided, in addition to equipment with considerable ecological rucksacks.

Mitron of Forssa, Finland, has lowered MIPS for their illuminated information displays by a factor of 8.

“Knokin” perambulators from Austria were dematerialized by a factor of 4 through replacing high rucksack materials with those of lesser resource intensity. For instance, aluminum was replaced by cork and steel. 

LIGU-HolzBau in Germany has developed wall elements for buildings from scrap wood that represents a rucksack factor of close to 1. The elements are lightweight and can be used for normal housing construction. 26 cm thick elements offer the thermal insulation capacity specified for a German “Niedrigenergiehaus” (“low energy building”). No additional construction material is required. Factors of 10 and more can be attained.

Development Alternatives of New Delhi, India, has developed building materials like bricks that can be produced on site by lay people, largely with local resources like clay. Drying in the sun replaced high temperature treatment. Simple hand-operated machines were invented that can be readily reproduced by local black smiths.

Since a number of years Deutsche Telekom offers the “T-NetBox” service. Voice-mail equipment at home can be avoided by a central installation that stores incoming information and from where it can be called off from any telephone, anywhere with the help of a PIN code. Fax information can also be handled by the T-NetBox.

“Praezitech” in Germany offers industrial cleaning equipment based on high frequency vibration for industrial parts. It avoids the use of cleaning solutions. Up to 90% of the oily materials removed during the cleaning process can be used again in manufacturing processes.

In Haellefors, Sweden, a “Formen Hus”, a design and exhibition center is being constructed that derives more than half of the space needed by making use of defunct three story housing built in the sixties. The west wall of the old structure is largely removed and an elegant huge slanted glass roof over the new part, leaning against the top of the old structure, supplies light and heating capacity. By definition, the ecological rucksack of the old part is zero. By avoiding a basement for the new part and choosing consequently low MIPS materials, at least a 200% increase in resource productivity is expected to result compared to a new building constructed for the same purpose.

95% of the intercontinental trade depends upon ships. 98 % of all merchant ships are propelled by diesel engines for which the fuel bills amounted to a total of more than 23 billion Euros in 2001. “Skysails” with seat in Hamburg has developed a system that allows savings of up to 50 % of the fuel consumption by utilizing the forces of wind. For this purpose, a “Skysail” was designed that resembles a large dirigible kite. The young company is currently involved in putting its plans into action with the support of a Fraunhofer Institut and two large shipping companies in Germany and Japan.
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�  F. Schmidt-Bleek, “Wieviel Umwelt braucht der Mensch – MIPS, das Mass fuer oekogischesWirtschaften” Birkhaeuser, 1993, English: “The Fossil Makers” can be downloaded from � HYPERLINK "http://www.factor10-institute.org" ��www.factor10-institute.org�, Japanese translation: Springer Tokyo (fourth edition), Chinese and Finnish translations have also been published in book form..


�  www.factor10-institute.org


� F. Schmidt-Bleek and Co-workers: “MAIA, Einfürung In Die Material-Intensitätsanalyse Nach Dem MIPS-Konzept”, Birkhäuser, Basel, Boston, Berlin, 1999.
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�  MIPS = Material Input Pro unit Service (or per unit extractable value), a measure first proposed by Schmidt-Bleek in 1992 to measure and compare the ecological “costs” for products, infrastructures and services. Schmidt-Bleek also proposed to replace the normal price of goods at the point of sale by COPS = the Cost Per unit Service, extractable from goods.


�  F. Schmidt-Bleek (with support of H. Mooss and H. Waginger), “Oekodesign”, WIFI Austria No 303 (Austrian Chamber of Commerce), 1999


�  F. Schmidt-Bleek, “Das MIPS-Konzept – Faktor 10”, Droemer, 1999


�  Worsening of problems on the aggregate level in spite of improvements on the micro level


�  F. Schmidt-Bleek and Uschi Tischner,: “Produktentwicklung – Nutzen Gestalten – Natur Schonen”, WIFI Oesterreich No 270, 1995 (Austrian Chamber of Commerce)


�  Total material flow through an economy, including ecological rucksacks


�  Material input pro unit extractable value or service for selected products and services


�  Material input, including specific erosion rates, for selected food stuff
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