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Preface 
 

About the MATISSE project 
 
The MATISSE (Methods and Tools for Integrated Sustainability Assessment) project is funded by the 
European Commission, DG Research, within the 6th Framework Programme. The project is interested in the 
role that Integrated Sustainability Assessment (ISA) could play in the process of developing and 
implementing policies capable of addressing persistent problems of unsustainable development and 
supporting transitions to a more sustainable future in Europe. The core activity of MATISSE is to develop, 
test and demonstrate new and improved methods and tools for conducting ISA.  
 
This work is carried out through developing and applying a conceptual framework for ISA, looking at the 
linkages to other sustainability assessment processes, linking existing tools to make them more useable for 
ISA, developing new tools to address transitions to sustainable development and applying the new and 
improved tools within an ISA process through a series of case studies.  
 
The extent to which the case studies are carrying out a complete ISA for their area of focus varies between 
attempts to cover all phases of an ISA process to partial implementation of the process. Equally, different 
case studies are oriented to developing and testing tools and approaches to some, but not all, of the 
methodological challenges of ISA. The case studies are complementary, however, and the set of cases 
offers the opportunity to address a wide range of methodological challenges and to explore linkages 
between cases. An evaluation of practical experiences with ISA implementation in the case studies will 
provide guidance on the further improvement of methods and tools. Results will also contribute to more 
informed policy advice.  
 

What is ISA? 
 
Within the MATISSE project, Integrated Sustainability Assessment (ISA) has been defined as a cyclical, 
participatory process of scoping, envisioning, experimenting, and learning through which a shared 
interpretation of sustainability for a specific context is developed and applied in an integrated manner, in 
order to explore solutions to persistent problems of unsustainable development. ISA is conceptualised as a 
complement to other forms of sustainability assessment, such as Sustainability Impact Assessment, 
Integrated Assessment and Regulatory Impact Assessment. Whereas these other forms of assessment fulfil 
the pragmatic need for ex ante screening of incremental sectoral policies that are developed within the 
prevailing policy regime, ISA is conceptualised as a support to longer-term and more strategic policy 
processes, where the objective is to explore persistent problems of unsustainable development that have a 
systemic pathology and possible solutions to these. ISA is therefore oriented toward supporting the 
development of cross-sectoral policies that specifically address sustainable development and at exploring 
enabling policy regimes and institutional arrangements. 
 

MATISSE Working Papers 
 
Matisse Working Papers are interim reports of project activities that are published in order to illustrate 
ongoing work and some provisional conclusions, as well as providing the opportunity for discussion of the 
approaches taken by the project and interim results. This discussion should be both within the project and 
between project members and the broader scientific and policy communities. Readers are encouraged to 
contact the authors to discuss the content of MATISSE Working Papers. 
 
 

Jill Jäger and Paul Weaver 
Editors of the MATISSE Working Paper Series 
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Abstract 
 
Maximising the value and utilisation rate of the capital stock of durable goods offers a way to decouple 
economic growth from environmental damage absolutely and provide for economic growth to be sustained 
even in a capacitated environment. Niche examples already demonstrate the potential, but new framing 
conditions and incentives are needed if the approach is to become mainstreamed. Although single-measure 
solutions to the essentially-systemic problem of how to provide incentives for change are unlikely, some 
measures may nevertheless be pivotal for change. A critical requirement is to harmonise the incentives 
facing both producers and consumers to shift the object of exchange value in transactions from products to 
services. Resource/emission ceilings and individual allowances (preferably tradable) for one or two critical 
resources or pollutants, acting as surrogates for eco-capacity generally, could form the lynch-pin in a 
systemic approach to restructuring markets that would act on producers and consumers simultaneously.  
 
Keywords: Service-products; product-service-systems; product lifespan; product utilisation rates; product 
capital stock; property rights; extended producer responsibility; warranty period; individual carbon 
allowances; tradable permits; green national accounts.  
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Incentives and frameworks for increasing the 
capital value, service value and use rates of 
durable goods   

 

 
 
1. Introduction 
 
This paper addresses five questions concerning the utilisation rate, service value and capital value of the 
stock of consumer durables and how these might be maximised: why are these rates and values all so low; 
why is it important that they be increased; what technical strategies could deliver improvements; to which 
extent will improvements come about spontaneously; and, what policies and instruments might provide 
incentives and an institutional and market framework conducive for positive change? The paper has a 
preliminary section that deals with concepts, definitions and the current status concerning utilisation rates 
and values of the capital stock of durable goods. Subsequent sections address, in turn, each of the five 
questions just outlined, but the emphasis, throughout, is on the last question, concerning incentives and 
institutional frameworks. 
 
It is argued that maximising the value and utilisation rate of the capital stock of durable goods offers a way 
both to decouple economic growth from environmental damage absolutely and provide for economic 
growth to be sustained even in a capacitated environment. Niche examples already demonstrate the 
potential, but new incentives and framing conditions are needed if the approach is to become mainstreamed. 
Although single-measure solutions to the essentially-systemic problem of how to provide incentives for 
change are unlikely, some measures may nevertheless be pivotal for change to become mainstreamed. A 
critical requirement is to harmonise the incentives facing both producers and consumers to shift the object 
of exchange value in transactions from products to services. It is proposed that resource/emission ceilings 
and individual allowances (preferably tradable) for one or two critical resources or pollutants, acting as 
surrogates for eco-capacity generally, could potentially form the lynch-pin in a systemic approach to 
restructuring markets that would act on producers and consumers simultaneously. There is also a need to 
revise the methods used to measure economic performance, so that we are better able to include the value 
of the capital stock of durable goods and its depreciation in the measure of current income and to 
distinguish between the value of the outputs from economic activity that contribute to delivering a stream of 
welfare-providing services and the value of the raw material and energy inputs used to produce those 
outputs. Costs that are currently external to market transactions need to be properly internalised or 
estimated and included in the main economic performance indicators.  
 
2. The context 

2.1 Products as intermediaries in the delivery of u tility 

An important concept in any discussion of the value of the capital stock of durable goods is that a product is 
an intermediary machine in the delivery of a service as well as an object that may also, or alternatively, be 
‘wanted’ by the user for symbolic reasons. This introduces the need to distinguish between demand for the 
product that is service- derived and driven (i.e. demand deriving from the users’ wish to have access to the 
service functions that the product provides) and the demand that is based either upon possessing the product 
per se for its symbolic value, such as is associated with status and positional goods, or from the act of 
buying itself, which in some instances has come to provide utility in its own right. Consumerism and what 
sustains it is a complex phenomenon.1 Understanding of what motivates purchasing behaviour is needed if 
                                                      
1  There are references in the literature to the concept that a service provides a means to meet a tangible need or 
want, such as for mobility or accessibility in the case of transport equipments or for clean laundry in the case of 
washing machines, whereas the symbolic values of goods relates to less tangible values that are culture-mediated and 
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we are to influence what, how much and how consumers buy, so discussion of consumers’ behaviours 
becomes highly relevant when considering how to create incentives for change. Such explanations are 
likely to be product-, consumer- and context- specific, so several different approaches and explanations will 
likely be needed to address different situations. This notwithstanding, we should also seek commonalities 
across cases and contexts that may suggest that some measures we might take could transcend cases and, 
potentially, be pivotal for mainstreaming change. It is these generic and potentially pivotal measures that 
this paper primarily concerns. 
 
Durable goods represent a stock of capital. Like other capital stocks (natural capital, physical 
infrastructures, social capital, etc.), durable goods are also factors of production. Indeed, their capacity to 
deliver a stream of useful services is a main reason to produce them in the first place and a main reason that 
individuals, households and businesses buy them. What is perhaps unusual about durable goods used by 
individuals and households is that the production processes in which they are used deliver services that are 
not then sold on in markets, but are consumed directly by the product user, who is likely to be the product 
owner or a member of the product-owning household. Since the value of the delivered services do not 
feature in market exchanges, there is no record of the services having been produced and no ‘value’ 
attached to the delivered services through the price mechanism. Since the stock of consumer durable goods 
appears (incorrectly) not to add to economic output or to the scale of formal economic activity, its 
contribution to the economy and society is typically undervalued and goes, largely, unrecognised.2  Instead, 
when it comes to monitoring economic performance, most attention is focused on the production and sale 
of new products per se, since the volume and value of product sales does contribute to the profits of all the 
companies involved in the product supply chain, as well as to the national income and the tax base.  

2.2 The value of the capital stock of consumer dura ble goods 

In principle the value of the stock of durable goods is a function of the size, structure and characteristics of 
the stock, its capacity to provide a stream of valued services or utility, the cost of any complementary inputs 
required additionally to deliver the stream of utility, the useful lifespan of the stock (or conversely, its rate 
of depreciation), and anything that influences these factors. One significant ‘other factor’ is the emergence, 
through technological progress, of competing products with improved performance, functionality or lower 
running costs that can potentially make the existing stock obsolete even when the products that make up 
that stock remain capable of continuing to deliver the same services as before. Conversely, depreciation 
rates could be slowed (as in respect of other forms of capital stock) by appropriate efforts and expenditures 
on product design improvement, product maintenance and product repair, so long as demand for the basic 
functionality of the product is not undermined too greatly by technological progress or shifts in consumer 
tastes and preferences. In essence, then, we can think of the real value of the capital stock of durable goods 
in terms of the actual or potential productivity of the stock, which is largely a function of product longevity, 
product functionality and product utilisation rate, and the value attached by the user(s) to the service(s)and 
function(s) provided, since these factors together determine how many ‘units’ of service are delivered over 
the lifespan of the product (and during each constituent time period), and the utility of those services. 
Another noteworthy aspect is that the potential to recover value from end-of-life equipment, such as 
                                                                                                                                                                              
derive from the possession of the good per se and perhaps from its prestige character (i.e., that it is ‘exclusive’ in the 
proper sense of the word, meaning that the majority are excluded from ownership by virtue of affordability or the level 
of skill needed to use the product and, thus, that ownership distinguishes the owner – sets him or her apart – from  the 
‘crowd’). Albeit that some analysts have developed models that structure needs and wants, usually according to a 
hierarchy of priority and precedence (e.g. Maslow, 1943, 1954, 1970), there is no entirely satisfactory way of 
separating needs from wants. However four commonly observed phenomena are that: i) basic needs, such as for 
nutrition, shelter, warmth, health care, and education are essential to preserve and nurture life; ii) wants appear 
unlimited and insatiable; iii) wants can co-evolve with the capacity of technological innovation to provide new 
products, services and consumption opportunities and can be stimulated through advertising; and iv) beyond the point 
at which more basic needs have been met, there appears little correlation between wellbeing or happiness on the one 
hand (albeit that this is difficult to measure) and the ownership of material possessions on the other. 
2  Except to the extent that other inputs into the service production process that do have a market-determined 
price are used alongside the service-delivery machinery in the production process and the exchange value of these 
contributes to GNP and to the tax base 
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through sub-assembly or component recovery and remanufacturing or through material recovery and re-use 
adds to the real value of the capital stock. 

2.3 Short product lives and replacement demand 

The utilisation rates and useful life time of durable goods under today’s economic arrangements are 
generally low. Indeed, the term durable good could be considered almost to be a misnomer, since the 
durability of many products is very low indeed, especially given that this need not be the case. Some recent 
figures from a Japanese study are illustrative of a situation that transcends most western economies. The 
study (Oguchi et al., forthcoming) reconstructs the domestic stock situation and domestic product flow for a 
‘short-list’ of 94 consumer durables in Japan using product flow analysis (PFA). This ‘short-list’ was 
drawn-up from over 180 items listed by the relevant Japanese statistical agencies as the most usual 
consumer durables owned and used in households and enterprises. The study excluded automobiles, which 
had been the subject of a separate earlier study (Tasaki et al., 2001) and which we consider separately and 
additionally in the present paper. 
 
Across the 94 durable items studied, domestic shipment in 2003 amounted to 197 million items. The total 
weight of domestic shipment was 1.5 million tonnes and the average weight per item varied from 0.05 
kilograms (stereo headphones) to 61 kg (refrigerators). The largest category was information and 
communication equipment (almost 86 million units). The average lifespan across the 22 items for which 
this was calculated was 9.4 years. The range in lifespan was from 4.3 years (cellular phones) to 14.0 years 
(stereo systems). The weight of waste items discarded at the end of their useful lives during the same year 
was also around 1.5 million tonnes. Nine items made up 68% of the total waste weight and the weight of 
four items – air conditioners, cathode ray tube (CRT) television sets, refrigerators and washing machines – 
was much larger than for any of the other 90 items. As studies elsewhere have found, this study reports a 
drastic replacement in Japan of CRT television sets and visual display units (VDUs) by liquid crystal 
displays (LCDs), pointing to an accelerated depreciation of the existing capital stock of CRT sets owing to 
competition from the new technology. A similar phenomenon is reported for tape-based video recorders 
(VCRs, which are being replaced by disc-based digital video recorders and players (DVDs), an analogous 
phenomenon to the earlier replacement of audio cassette tape recorders/players with CD recorders/players. 
However, apart from restructuring owing to substitution of new for old technologies in some categories, an 
important finding is that the total national capital stock of the 94 items did not change year-on-year either in 
number or weight. Virtually all domestic shipment of new products is to satisfy replacement demand. 
 
This study is cited here because it is up-to-date and reveals some important general insights into patterns of 
durable good production and consumption in modern western societies. First is the mass-production, mass-
consumption aspect where the volumes in question relate to products produced and sold (not services 
delivered) and the context is one of mature markets characterised by a high percentage of replacement 
demand. The high volume of shipment in the study-year highlights that most durable products have 
relatively short service lifetimes and that demand is sustained mostly by the replacement of items that are 
no longer serviceable or that have been rendered prematurely obsolete by technical advances.  Another 
aspect is the very large number of services for which, in western societies, the service-delivery equipment is 
designed for ownership and use at the scale of the individual user or household; at least 180 products are 
listed as usual possessions of Japanese households or enterprises. The services in question range from food 
preparation to textile-cleaning to data storage. A further observation is that many of the products are neither 
multifunctional nor are they modular components of multifunctional product systems. Rather they are 
optimised on the basis of self-contained products designed for low-intensity use by a single user or 
household over a short product lifetime.3 The logical corollary of the fact that the total stock of the 94 items 
                                                      
3  By way of example, the number of amplifiers and speakers in a household is likely to be significantly larger 
than the number actually needed, since amplification equipment and sound reproduction equipment is embedded into 
many products, such as televisions, computers, radios, CD and DVD players whereas it is possible for these 
components to be shared across many devices. Sharing sound reproduction resources across functions would enable 
the quality, durability and cost of the equipment to be optimised differently, providing for a better economic and 
environmental outcome. 
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covered by this study did not increase year-on-year (in spite of the domestic shipment of 197 million new 
products), is that the entire value of annual production is annually discounted from the capital stock. This 
implies a very high depreciation rate of the capital stock of durable goods.  
 
A comparable situation applies in the case of private cars. The global car fleet in the year 2000 was of the 
order of 750 million units. Annual global production of new cars is currently around 58 million units 
(Kanari et al., 2003). Although the global car fleet is expected to grow to 1.1 billion units by 2050, the bulk 
of each year’s new production is produced to satisfy replacement demand.4 The total number of cars in use 
in the European Union (EU) in 2001 was 180 million. This shows some increase from the figure of 160 
million for 1995. Production of new cars in the EU is currently around 14.5 million units annually. The 
average lifespan of a car in use in the EU is between 12 and 15 years (Kanari et al., 2003).5 Thus, around 
80% of new car sales in western economies are now accounted for by replacement demand. A typical 
western-European country with 28 million households, one car per household, an average annual vehicular 
kilometrage of 20,000 kilometres per car, an average occupancy rate of 1.5, and an average car lifespan of 
14 years will therefore experience a replacement demand of around 2 million cars per year in respect of an 
annual service delivery of 840 billion passenger kilometres. Each car will deliver only 420,000 passenger 
kilometres of useful service over its lifetime. In such a country, the monetary value of 2 million cars is lost 
annually as depreciation of the capital stock of private cars.  
 
Rephrased, this is equivalent to saying that society is apparently willing to discount the total value of the 
car fleet and all that has been invested in its production over a 14 year period. Assuming that an average car 
represents a sunk investment of only €10,0006 (which is a low estimate that does not include the non-
monetarised costs of environmental damage incurred upstream of assembly), a country with a fleet of 28 
million cars therefore discounts entirely an investment of € 280 billion over a period of only 14 years. 
Scaled up to the global level, the annual depreciation of the global car fleet represents a capital loss of 
around € 500 billion annually. This represents an enormous economic loss and an environmental burden at 
the same time. Both could be reduced significantly by measures to increase product longevity and 
utilisation rates.7  
 
 
                                                      
4  Each car weighs on average between 1000kg and 1500kg, and is made from mostly ferrous and non-ferrous 
metals (around 75%), plastics (10%), rubber (5%) and other materials (10%). Over the full life cycle it is reported that 
approximately 10% of the total energy use implied by vehicle manufacture and use is incurred during the 
manufacturing stage (MacLean and Lave 1998), but if the energy cost of the production of materials is taken into 
account, the energy costs during manufacturing and all upstream processes is closer to 20% of the total life-cycle 
energy cost (Anon. Article, Automotive Industries 2005). 
5  Official government reports suggest that the average lifespan of a UK car is 13.95 years (UK Commission 
for Integrated Transport 2001). The average lifespan may be estimated in a number of ways. One of the most accurate 
methods is based on scrappage charts, which plot the proportion of cars first registered in any year which are scrapped 
within the first, second, third and subsequent years after first registration. It is demonstrable from such charts that the 
life of most British cars ends at around 13-17 years. The average age of a UK car in use is 7 years. 
6  This estimate is based on data from a consulting report to the U.S. Department of Energy by Arthur D. Little, 
Inc., which suggests total factory costs for a small gasoline ICE car to be US $11,000 and a small diesel car to be US 
$12,000 (US Dept. of Energy, 2002). 
7  Solutions could involve increasing the serviceable lifetimes of cars, shifts in patterns of use of cars (e.g. 
toward greater use of taxis, car leasing/hiring, shared ownership schemes and shared use schemes). There could also 
be modal shifts from private transport to public transport modes that provide higher usage intensity and greater 
longevity of the physical service-delivery equipment, especially in intra-urban and inter-urban contexts where public 
transport services can be provided effectively and efficiently. 
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3. Why are utilisation rates, service values and th e capital values of 
durable goods so low and so rapidly discounted? 
 

3.1 Throughput, product standardisation and the Sal ter cycle 

This begs the questions: why are product lifetimes so short and utilisation rates so low? Much of the answer 
to these questions lies in the nature of current economic activities and their institutional context. Present-
day patterns of economic activity are the still-evolving outcome of a more than century-long and still-
continuing development paradigm and trajectory. Consistent features of the paradigm have been its focus 
on economic growth as the dominant development objective (with increase in the monetary value of gross 
production and consumption as a metric for growth) and cost- reduction via productivity improvement as an 
engine for growth. In turn, cost reduction and productivity improvement have been achieved by investment 
in basic and applied research, by exploiting scale economies and comparative advantage and by substituting 
cheaper for more expensive factors of production (Weaver 1998). The scope for growth within the 
paradigm is grounded on positive feedback loops between cost-reduction and output growth, of which the 
most important is the Salter cycle.  
 
The Salter cycle is a feedback loop that has a potential to be self-sustaining and self-reinforcing through 
which investment to increase the scale of production and improve productivity and performance at the level 
of unit products leads to declining unit costs, which in turn translate into lower unit prices to consumers, 
further increasing demand and leading to further investment (Figure 1). The cycle is self-reinforcing and 
self-sustaining so long as the price elasticity of demand is sufficient at each reduction in price to increase 
sales and turnover sufficiently to achieve further scale economies. As markets for one product ultimately 
become saturated, R&D attention turns to develop alternative or new products with new functionality or 
performance in order to repeat the cycle in a new market. However, once a large market for a standardised 
product has been established, a substantial replacement demand can be created on a recurrent basis, so long 
as the product lifespan is kept short. An essential feature of the cycle is that products must be standardised, 
since the cycle turns around the dynamic relationships between mass-production and mass-consumption. 
 

 
 

Figure 1: The conventional growth engine feedback-loop (after Salter, 1960)  
 

Increasing labour 
productivity 

Lower unit price 

Declining unit costs due to 
scale economies and 
technological progress 

Increased consumer demand 

Investment to increase physical 
capacity and lower costs; e.g. by 
substituting capital, energy and 
materials for labour 
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Important factors in maintaining this trajectory of high volume, high throughput and low costs have been 
deregulation and liberalisation to create regional-scale trading blocs and global-scale markets, improvement 
in transport technologies and infrastructures to facilitate the movement of raw materials, commodities and 
finished products around the world at low prices and, crucially, the maintenance of artificially low costs for 
energy, water, raw materials, pollution and waste disposal services. On this basis, development has 
followed an energy-intensive, material-intensive, pollution-intensive and waste-intensive regime of mass 
production and mass consumption based heavily upon the one-time conversion of natural (environmental) 
capital into current income. The generated income has been used to develop different forms of 
manufactured capital and infrastructure appropriate to the replication and continuation of the trajectory and 
to provide for a high level of current consumption encouraged by product standardisation, low prices, 
aggressive marketing (e.g., via advertising) and innovation to develop new markets.  

3.2 Perverse incentives and institutions 

Several biases in the way our economies and markets are presently structured, some of which arise by 
default and others by deliberate design, are implicated in creating the conditions necessary for this ‘high 
throughput’ growth regime. Our indicator system for measuring economic performance is information poor, 
and many problems arise directly from this. Today’s system of national accounts takes only partial account 
of depletion of stocks (with the exception of physical infrastructure and manufacturing plant and 
equipments, that are included), so it does not show us to which extent this year’s income has been generated 
at the expense of loss of capital, especially, environmental capital. The value of additions to the stock of 
consumer durables is not included, nor is depreciation of the stock. The central indicators of national 
income are measures of turnover, not of ‘profit’ or of ‘consumer surplus’. This has a perverse effect since 
the more resource inefficient we are and the greater our expenditures on preventing or repairing damage, 
the greater are the measures of our national income. The contribution of output, jobs and competitiveness to 
the economy, society and ecology depends on their qualitative attributes, but at present we fail to 
distinguish the quantities according to their qualitative character.8 The current approach includes some 
items that ought to be excluded (resource inputs to production processes, for example), but excludes many 
items that ought to be included, such as informal work and, importantly for the present discussion, the 
economic and social benefits that flow as service value from the stock of durable products that provide 
household services.  
 
Environmental capital, goods and services are not fully (if at all) priced on markets. Many other 
commodities and intermediate goods and services that embody environmental resources (such as transport, 
power, water, waste disposal, etc.) are subsidised or provided free-of-charge to users, so are also under-
priced and overused. Taxes have traditionally been levied more heavily on employment and income, rather 
than on natural resources and consumption, which has the effect of further skewing relative factor costs and 
market prices. Only a very limited producer responsibility applies to the natural resources mobilised by 
producers relative to the full life cycle of materials and the long-term impacts of pollution on human health 
and the environment. Similarly, only a very limited producer warranty period attaches to goods. Statutory 
warranty periods are typically only one or two years, even on high-end products, such as vehicles. As 
already mentioned, products are the dominant object of exchange value in economic transactions, so 
responsibility for waste disposal and pollution damage is passed on with the product to consumers at point 
of sale. In their turn, under present arrangements, consumers are able to throw-away end-of-life products 
without paying a waste disposal charge that represents the full costs of disposal and environmental damage. 
The current arrangement therefore allows both producers and consumers to avoid responsibility for the life-
long stewardship of the materials they have mobilised for corporate or personal gain. 
 
This framework of institutional arrangements and market failures creates perverse incentives. At the macro-
level, the prevailing political and economic philosophy and the dominant development paradigm stress 
                                                      
8  For example, we do not distinguish between economic growth that is socially and environmentally 
compatible and economic growth that is achieved at expense of environmental or social damage. Likewise, jobs are 
not distinguished according to their resource or pollution intensity, usefulness to society or the degree to which they 
provide job-satisfaction. 
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prosperity through output growth and competition. At the meso-level, the need for profit and market-share 
motivate efficient production, but relative factor prices focus R&D attention on labour productivity 
improvement and on substituting energy and materials, which are under-priced, for labour. Profit depends 
on the number of units sold and on the marginal production cost, not on the delivery of end-user services. 
The manufacturer seeks to optimise the product in terms of lowering the marginal production cost, rather 
than increasing product durability, lowering lifetime operating and maintenance cost, or facilitating repair, 
disassembly, remanufacturing or material recoverability and recycling. Lowering production cost is, in any 
case, inconsistent with designing for durability, since competition will drive out of the market any producer 
who ‘over-designs’ products and thereby incurs costs unnecessarily in a context where statutory warranty 
periods are short and consumers are used to short product lifetimes. A similar logic applies to substitution 
of materials and energy for labour. Competition makes a necessity of externalising production costs, which 
is possible by preferentially using factor inputs that are under-priced as a consequence of uncorrected 
market failures. Over the product life-cycle, manufacturers compete to exploit the scope for scale 
economies and seek to generate and ride the positive-feedback cycle between cost reduction and market 
expansion by passing cost reductions on to consumers and stimulating extra demand through aggressive 
marketing. There is no incentive (or requirement) for producers to design for product longevity, since this 
reduces replacement demand. By contrast there is every incentive to seek to make existing products 
prematurely obsolete, by innovating to develop alternatives, changing norms and not stocking parts. 

3.3 The effect of competition under perverse incent ives 

In the context of competition among producers, the synergistic effect of these incentives is to favour a high-
throughput and linear economy with a high draw on environmental capital throughout the value-adding 
chain. On the supply-side, the manufacturing industries prefer production solutions – products and 
technologies – that are specifically-designed for fast replacement as a way of maintaining high production 
volumes in markets that rapidly become mature and saturated. On the demand-side buyers are habituated to 
buy and own products and to accept that none of the goods on offer has a long life expectancy or comes 
with a warranty of more than one or two years and that this is unimportant in a context in which artificially 
low unit prices mean that goods can be replaced cheaply when they break down. It is unsurprising under 
these conditions that there is little consumer concern for durability or reparability and little producer 
concern for consumers’ operating costs, or for the remanufacturing or recycling potential of end-of-life 
products. The outcome is a mass-production, mass-consumption ‘throwaway’ economy and society, which 
gives the illusory appearance of purposeful economic activity, when the reality is that much of the annual 
value-added is immediately offset by the high and premature annual depreciation of the capital stock of 
durable goods.  
 
Perversely, this situation – in which much economic activity may be more purposeless than purposeful – 
appeals to producers and governments alike, since, as currently arranged, profitability, tax revenues and 
employment levels are correlated directly with the level of economic activity per se, so that economic 
activity is seen as worthwhile for its achievement of these outcomes rather than as the means of producing 
the machines that deliver end-services and final utility to consumers. Since government revenues are 
currently linked to taxes on the aggregate sales value of products and on the economic activities upstream 
in the product supply chain, the need to preserve the tax revenue base has the effect of locking-in those 
features of the economy that, from a sustainability perspective, perpetuate these perverse outcomes. 
However, the stress on the environment of this ‘throwaway’ economy is needlessly great and the approach 
depends for continuity upon access to a continuous stream of high-grade energy and materials as well as 
pollution absorption capacity and possibilities for waste disposal, all at artificially low prices. Critically, 
access to these cannot be sustained if, as increasingly appears the case, the environmental system is a 
capacitated system, with limits to its ability to supply energy and materials and to absorb and process 
wastes. 
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4. Why is it important for sustainable development that these rates 
and values are increased? 

4.1 The socio-ecological metabolism 

Anthropogenic environmental disturbance and change are results of direct interventions in ecosystems, such 
as arise by human-induced changes in land use and habitats, interference in the numbers and distribution of 
species, and the translocation and transformation of materials arising from the so-called ‘industrial 
metabolism’ (Ayres and Simonis, 1994). The industrial metabolism relates to the use, transformation and 
fate of materials and energy as these are drawn into the economy as factor inputs in production processes, 
processed into useful goods and services, and are ultimately returned back to the environment as wastes, 
usually in a degraded state and often in quantities that overreach the capacities of the receiving media or 
receptor systems to absorb or process these and to remain unchanged in form or function as a result. The 
life-cycle of the resource flows and the constituent unit processes along value-adding chains (from 
extraction and pre-processing of materials and commodities, through production and consumption and on to 
waste management) at each and every scale in the economy necessarily conforms to the laws of 
thermodynamics. The second law – of conservation – implies a mass-balance principle, which requires that 
the inputs and outputs from any unit process or system must be equivalent in elemental composition and 
mass, net of any gains or losses to the stock of materials held in the system.  
 
By implication this means that the scale of anthropogenic generation of waste and pollution is broadly 
equivalent in quantity and elemental composition to the annual draw of the global economy on primary 
resources and associated materials,9 net of gains or losses to the stock of materials embodied in 
infrastructures and products. The important point is that all resources drawn into the economy will, at some 
point, return to the environment as wastes and potential pollutants. Many materials that are mobilised in the 
course of economic activities are returned to the environment in the form of fugitive releases from 
production processes very early on in the value-adding chain. Another group of materials can be considered 
as intermediaries in production processes. These too never become embodied in products albeit that their 
use is part of the production process. Such materials may be recycled, but regeneration of materials has an 
energy cost and such processes are seldom closed-cycle. Relatively few materials actually become 
embodied in products. In turn, only a fraction of products are durable. Many products, such as packaging 
materials, are designed for very short economic lives. Other products are intended to be used dissipatively 
during the consumption process, in the sense that the materials of which they are constituted are released 
into receiving environmental media in the course of delivering the service for which they have been 
produced. Examples are detergents, aerosols, medicines and fuels. There is only a limited prospect of 
recovering and recycling such materials.  

4.2 Implications of a leaky and linear metabolism 

The industrial or socio-ecological metabolism has therefore been characterised as linear and leaky, in that 
there are relatively few recycling loops in the flow of materials from environmental cradle to environmental 
grave and the dissipative losses of materials along the value-adding chain, especially in the upstream 
sections before materials become embodied in products and in the process of deliberate release during 
consumption of products designed to be used dissipatively, are relatively large. This has several 
implications. One is that, although total primary resource extraction is not an exact measure of the potential 
for environmental disturbance (since potential damage depends on qualitative aspects, such as the structure 
of the primary resources that are extracted and how and where resources are extracted and used), it is 
widely recognised as an important crude proxy for potential anthropogenic environmental stress associated 
with the dissipative release of pollutants. In its recent Thematic Strategy on the Sustainable Use of Natural 
Resources (EC 2005), for example, the EC recognises the need for a ‘double-decoupling’ strategy, which 
                                                      
9  The latter are often referred to as the hidden flows or material rucksacks, since these materials are unwanted 
and are mobilised only to obtain useful resources. They never themselves enter the economy as useful materials. 
However, at the global scale the hidden flows are at least as large as the flows of useful resources. 
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calls for both a decoupling of economic growth from resource use and a decoupling of resource use from 
environmental and health impacts. This has been interpreted by some to imply that sustainable development 
requires a ceiling on the total aggregate draw of the economy on primary resources as a first-order means to 
regulate the socio-ecological or industrial metabolism, and targeted second-order measures to address 
material-specific or substance-specific risks to the environment or human health, such as are associated 
with the toxicity, longevity and potential for mutation of some materials (heavy metals, for example) and 
some pollutants (chlorinated organic compounds, for example).  
 
Another implication is that significant environmental stress is caused in the upstream stages of producing 
products. The use of limited pollution-absorbing capacity associated with primary and secondary material 
processing activities and dissipative releases during the upstream stage represents an investment of scarce 
environmental capital in the final product, though because this investment typically involves the use of 
common resources the cost of this investment is seldom fully internalised into production costs. Apart from 
the obvious implication that this externality should, ideally, be internalised in order to ensure economic 
efficiency as well as environmental protection, this high investment of eco-capacity implies that durable 
products should be designed and used to optimise the number of useful service units that can be delivered 
over the lifetime of the product. It also means that reuse of products and components should be optimised, 
so that needless replacement production of the same products and components is minimised. 
Remanufacturing is therefore an important strategy for improving eco-efficiency. Materials should also be 
recovered and recycled to the extent that the recycling process imposes lower stress on the environment 
than procurement of virgin material of equivalent quality.  
 
Of course, the precise details of such optimisation are often complicated because of technological 
improvements in product performance over time, which may include improvements in energy and materials 
efficiencies in the product usage stage, which can partially or wholly offset the advantages of designing 
products to have longer service lives. One way of reducing the impact of this is to develop usage strategies 
for products that concentrate the usage intensity in time, so that many service units are obtained from a 
product over each year of the service life, even if the lifespan of the product is not extended. Comparing the 
usage intensity of a passenger car used by a single household (delivering 30,000 passenger kilometres per 
year10) with that of an identical car used as a taxi (providing 250,000 passenger kilometres per year11) 
illustrates the point. Spreading the fixed cost of the investment of eco-capacity embodied in producing the 
car across multiple users as in this example entails a more than 8-fold difference in resource productivity or 
a factor-8 reduction in environmental stress per service unit. Solutions must therefore be designed that are 
product- and context- specific. Nevertheless, the basic principle of optimising the design and use of 
products on the basis of the complete product life-cycle and the complete material life-cycle in order to 
maximise eco-efficiency at the level of service delivery is an important generally-applicable design 
principle for maximising the return on investment of eco-capacity that has been sunk into the product, 
especially in the upstream part of the life-cycle. 

4.3 First responses – relative versus absolute deco upling 

A response to the situation just outlined has been to call for radical improvements in resource productivity, 
and a first emphasis has been placed on the production side of the production-consumption system. Cleaner 
and leaner production through process-integrated responses and product redesign have been successful to a 
degree in lowering the energy intensity, material intensity and pollution intensity of production on a unit 
product basis. Incentives for this include shifts (actual or threatened) in the relative cost of different factor 
inputs, such as are implied by an ecological tax reform, the use of taxes to internalise the costs of using 
environmental resources and services that are otherwise externalised, and by the withdrawal (or 
restructuring) of subsidies to avoid perverse environmental outcomes. On average, the productivity of 
material and energy inputs to the economy (measured per unit GNP) has improved each by approximately 
2%-3% per annum from the peak levels in most western countries as a result of technical progress. On 
closer reflection, however, and more especially by considering this in relation to the Salter cycle ‘growth-
                                                      
10  This is based on an assumption of 20,000 vehicle kilometres and an average occupancy of 1.5. 
11  Based on 125,000 vehicle kilometres and an average occupancy of 2 (excluding the driver) 
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engine’ described earlier, this approach is shown at best to be a necessary condition for progress, but not of 
itself sufficient. At worst, it can be counterproductive to the objective of reducing the absolute stress that 
the production-consumption system imposes on the socio-ecological metabolism.  
 
The reason for this lies in the Salter cycle mechanism itself. The Salter cycle works by translating 
improvements in productivity and performance into lower average- and lower marginal- unit production 
costs. How the improvements in efficiency and performance are achieved is irrelevant to the growth effect 
this has. The engine of growth works as long as lower unit costs are achieved and a significant enough 
fraction of the achieved cost reduction is passed on to consumers for price reductions to stimulate additional 
demand as a function of the prevailing price elasticity at the lower price level. The increase in demand 
enables scale economies to be achieved and allows the fixed costs of production to be distributed over a 
larger overall output, so reducing average and marginal costs further. The positive feedback mechanism of 
the cycle holds good irrespective of which factor input was the source of the initial productivity 
improvement.  
 
From the perspective of environmental stress the Salter Cycle is not only a mechanism that provides for 
self-reinforcing growth in the economy, but is also the mechanism that drives the so-called rebound effect. 
Thus, even if we shift the balance of innovative effort toward a successful lowering of the specific resource-
intensity and pollution-intensity of products, the positive impact of this in reducing the demand for 
environmental resource inputs per unit output can be more than offset by the negative effect on aggregate 
resource requirement of the increase in the number of units that are produced and sold. The gains made 
through improved resource productivity can be overwhelmed as more resources are drawn into the 
economy to supply the increase in demand generated by the cost reductions. Of course, there is also the 
possibility that lower prices in respect of a more efficiently-produced product enable consumers to increase 
their real income, so consumers may alternatively choose to transfer some of their extra real income to buy 
other goods and services. The result is that the rebound effect need not necessarily be confined only to the 
product that was the source of the initial productivity improvement, but can extend to other products and 
services.12  

4.4 Rebound effects 

Whether price reductions stimulate demand growth through a price- effect, an income- effect or both, it 
should be anticipated that without deliberate actions to subdue rebound effects, gains in environmental 
resource productivity at the product level achieved on the production side of the production-consumption 
equation will lead to increases, not reductions in aggregate absolute stress on the environment. This has led 
many analysts to comment that increasing the efficiency of converting materials and energy into useful 
products and services can only result in absolute decoupling if the efficiency improvement does not 
translate into lower prices. Such a situation could come about if annual increases in the costs of materials 
and energy (such as by internalising externalised costs) were to more than outstrip the annual resource 
efficiency gains (currently around 2-3% per annum, as just noted) or if a new mechanism were imposed to 
put a ceiling on the total resource throughput of the economy so that this was in-line with annual available 
eco-capacity. There is a powerful argument in favour of the latter, as there is also the effect of population 
growth and increase in the number of the global ‘middle class’ to consider. These alone will imply that – 
even without a rebound effect – there is a need to achieve rates of improvement in resource productivity at 
least of the same order as the increase in the aggregate purchasing power of a growing and increasingly 
affluent population; and this just to ‘stand still’ in respect to absolute levels of environmental stress.13  
                                                      
12  Typically, the products and services most likely to attract transfer spending are those with the highest income 
elasticity of demand.  Among already-affluent consumers, these are products and services that have some of the 
highest resource- and pollution- intensities, including, especially, personal mobility. 
13  On a world scale, the growth in the share of the overall population that is ‘affluent’ in the sense of being able 
to participate in a ‘mass-production / mass-consumption’ lifestyle is growing rapidly, especially in the emerging 
growth economies of China, India and Brazil (Myers and Kent 2003). It is estimated that one billion so-called ‘new’ 
consumers have been or soon will be added to the ‘middle classes’ in the emerging and newly-rich economies who 
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Recent research on global resource productivity (Behrens et al., forthcoming) shows that resource 
extraction per unit GDP decreased by 25% over the period 1980-2002. However, the total annual resource 
consumption of the world economy increased over the same period by around one-third showing that scale 
effects due to economic growth more than compensated for the effects of structural changes (shifts in the 
composition of economic activities, such as from primary and secondary to tertiary sectors) and specific 
technological improvements in energy and materials efficiency. Any dematerialisation at the scale of the 
global economy achieved over the period since 1980 is therefore only of a relative nature, not of an 
absolute nature. All the gains in specific eco-efficiency over the past 25 years have been more than offset 
by growth in aggregate demand caused by a combination of population growth, increasing affluence and the 
rebound effect. What is needed, therefore, is a mechanism for economic growth that would provide for the 
limited resources and eco-capacity of the environment to be used ever more efficiently to provide services 
to a growing world population without the efficiency gains stimulating increase in the aggregate draw on 
environmental resources. 
 
5. Which technical opportunities exist for improvem ent and to which 
extent are these likely to emerge spontaneously? 
 

5.1 An alternative growth engine for a service-base d economy 

We have already discussed the broad technical strategies that could help, such as product life extension, 
higher utilisation rates and design for remanufacturing, and the fact that fully taking-up the potential of 
these hinges on shifting from the sale and purchase of products to the sale and purchase of services. 
Switching to an arrangement where property rights and responsibility for the product are retained by the 
producer, where the transaction between supplier and user concerns a service delivery contract, and where 
company profits and government revenues are linked to the stream of service value produced from the stock 
of durable goods would better reflect that products are essentially surrogates or intermediates in economic 
transactions and that there is a need to maximise the stream of utility and minimise the environmental 
damage associated with the mobilisation of resources across the full material life cycle. Under the 
prevailing arrangement, maximising the lifetime and lifecycle utility stream delivered by the product – i.e., 
the real utility of the investment in the durable good – conflicts intrinsically with the prevailing logic of a 
market structured for mass- production and consumption of products, so is not the focus of attention of 
design or innovation today. 
 
In principle, it is possible to specify a modified engine for growth based on a switch from selling products 
to selling services. The fundamental growth mechanism of a hypothetical service economy would mirror 
that of the conventional Salter cycle but would harness competition around innovation to improve the 
resource-efficiency of service delivery rather than goods production (Figure 2). By investing in R&D to 
increase the resource productivity of service delivery, producers would be able to increase the value of their 
service offers to consumers and lower unit costs of service supply, which in turn would translate into lower 
prices per service unit, increased consumer demand for services and further investment in innovation to 
improve resource efficiency and productivity. Several authors have contributed to outlining the 
fundamentals of this potential growth mechanism (e.g., Ayres 1998) or to estimating the potential resource 
productivity gains that could be achieved through this approach; e.g. in the case of a ‘green’ tyre life cycle 
(Weaver, 1996) or in the case of up-scaling the technologies used for textile cleaning (Weaver et al., 2000). 
There have also been studies of pioneering practical applications, such as the leasing and remanufacturing 
strategy for copier equipment pursued by Xerox (Ayres and Ferrer 2000). Recently, attempts have been 
made, also, to combine these perspectives to form the basis for a new and potentially-generalisable 
approach to business management based on ‘product-service-systems’ (e.g. Tukker and Tischner, 2006). 
                                                                                                                                                                              
aspire to material living standards comparable to those of the rich western economies and whose incomes are now 
sufficient to translate previously-latent demand into effective (money-backed) demand.   
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5.2 Progress-to-date 

There are some harbingers of product-service-systems in important sectors, including households, offices 
and transport/mobility. In the household sector there are developments in the outsourcing of functions such 
as textile laundry services, especially in niche markets (e.g., diapers, bed-linen, dry-cleaning). Other 
outsourced services include gardening and home maintenance, through which householders can avoid the 
need to own specialised equipment that is used only infrequently, such as lawnmowers, mechanical diggers, 
electrical saws and the panoply of other do-it-yourself tools, by buying services from dedicated providers. 
There are also examples of leasing services for household furniture, carpets, baby and toddler equipment 
(cots, toys, etc.), IT-equipment and white goods. Particularly noteworthy are the Toshiba pay-per-use 
scheme for white goods targeted at people living alone for short periods and the more sophisticated scheme 
of networked home appliances, also provided by Toshiba, that supplies a refrigerator, microwave and 
washing machine all of which are linked together and to the outside world via a home terminal. The 
terminal provides additional services based on the use of the appliances, such as automatic maintenance of 
food stocks by ordering replacement food items as these are used up. The terminal also doubles as an 
entertainment system (for further details see: Tukker and Tischner, 2006). 
 
More generally, home entertainment is being revolutionised by the possibilities offered by developments in 
information and communication technology, which lend especially well to the concept of a service as 
exchange value because of the possibility for remote and centralised data storage and processing. This has 
made it possible to replace hard-copy media, such as newsprint, CDs and DVDs, with pay-to-download 
services. In the future it is possible to imagine the further extension of this concept, such that many 
products currently owned by households and used for data storage or processing will also not be needed. 
This could extend even to personal computers, since the only functions strictly needed in situ once an 
internet connection is established are the user interfaces. These are currently provided by keyboards, 
screens and loudspeakers, but technological developments in voice recognition, image projection and flat-
surface sound reproduction could soon make these redundant too. Increasingly there is an erosion of the 
traditional boundaries that define products and their functions, as products become multifunctional and 
producers compete to capture shares of markets traditionally served by an established product and producer. 
Access to telephone services, television, radio, music, and films is increasingly being secured through 
internet connections and it is possible to envisage that many traditional household products, such as hi-fi 

Figure 2: An alternative growth engine feedback-loop (after Ayres, 1998)  
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systems and separates, dedicated television sets, conventional fixed line telephones and so forth, will cease 
to have meaning even in the near-term future. This will provide important opportunities for remote service 
providers – especially internet providers – to supply a variety of information and entertainment services 
through ‘packages’ that combine internet connection hardware, downloadable services and hybrid- or 
multifunctional products that are leased/hire rather than sold/bought. 
 
In the office sector, there are niche developments, especially in business-to-business markets. Companies 
such as Wikahn provide total office furniture solutions involving leasing or sale, maintenance, 
refurbishment and end-of-life disposal. Perhaps the best-known example of a leading company in the 
provision of office services is Xerox, which always had a strong market in business-to-business leasing of 
copiers, but which has extended its business model to strengthen the possibilities for component recovery 
and product remanufacturing. A high proportion of Xerox copiers now include parts or materials recovered 
from other machines. Products are designed to be modular, modularity extends across model ranges, and 
machines are to some degree ‘future-proofed’ so that components can be reused in several models and 
machines can be upgraded to incorporate new functions. Another important example in the business-to-
business sector is the switch in publishing from hard copy books and journals to electronic publishing and 
the sale of licences that provide access to on-line resources. Most universities now buy licences from major 
scientific publishers to provide faculty and students with access to vast on-line libraries, which has the 
merit not only of reducing the need for hard-copies of books and journals and for space to house these, but 
also of ensuring more efficient, effective and egalitarian access to written resources. 
 
In the transport sector there are discernible shifts taking place in some cities from selling/owning cars to 
leasing/hiring and also to car sharing arrangements (Prettenhalter and Steininger 1999; Mont 2004; Enoch 
and Taylor 2006). These are becoming more popular in the context of congestion and parking difficulties, 
which reduce the relative advantage of the car as a mode of transport for intra-urban trips compared with 
public transport modes, and of increasing costs of car ownership and use associated with charges for off-
road parking, congestion pricing, road pricing and so forth. Information technology is an important driver in 
this niche, making possible internet-based booking, electronic keys, GPS- and GPS-based tracking of 
driving distances and automated invoicing, all of which are reducing costs and making rental and car-
sharing schemes more convenient to use (Shaheen 1999). Newly-emerging transport solutions include 
combining public transport and taxi use for routine intra-urban trips with car leasing or car sharing 
arrangements for more irregular and longer distance journeys that entail leaving the urban area. It has been 
argued that this trend could also have a discernible impact on the future structure of the car fleet, since 
consumer preference concerning rental vehicles is different from preferences relating to vehicle ownership, 
where prestige and status factors are more evident. Smaller, lower-powered vehicles dominate rental 
preferences in cities. Rental fleet operators also have greater leverage over car manufacturers compared 
with large numbers of discrete individuals, since they concentrate purchasing power. Their purchasing 
behaviour is a factor in the innovation of hybrid and electric vehicles (Nykvist and Whitmarsh 2007). It 
may also lead to a bigger market for re-treaded car tyres and a shift toward tyre leasing/hiring from tyre 
selling/owning.  
 
Thus there are examples of market niches where progress is being made toward a service-based model of 
economic activity. It is nevertheless clear that these van-guard examples are relatively few in number and 
not always successful economically. As has been noted by several analysts, the more successful ones, such 
as Xerox and the growth of car rental activities, tend to build upon already-established leasing businesses. 
Despite calls for a shift to product-service systems there is still therefore only limited evidence of change 
emerging spontaneously or being induced by recently- implemented policy instruments. 
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6. What policies and instruments might provide ince ntives and an 
institutional framework conducive for positive chan ge? 

6.1 Integrated approaches, tipping points and pivot al interventions 

It is argued here that although there is recognition that progress will depend on orchestrating interventions 
and actions at many different points and levels – an integrated systems approach – and on adaptive 
management of change, there is also recognition of the need for some mechanism that will link producers 
and consumers so that a shift by producers from selling products to selling services will be matched by a 
desire among consumers to shift from buying products to buying services. Clearly, the market operates as 
the intermediary between producers and consumers, so the needed mechanism must operate to harness 
market forces to this end. We should also recognise that a shift to a service-based economy – like increases 
in product-specific resource productivity – will not, of itself, be sufficient to prevent rebound effects.  There 
is still a need to introduce some mechanism to restrain the total annual draw of the economy on scarce eco-
capacity. We need, therefore, to face square-on the fundamental deficiencies from a sustainability 
perspective in the way that markets are structured today, at the same time recognising that markets are 
social constructs and can be reconstructed so that outcomes from the operation of market forces better 
accord with normative wants of society, such as for development to be more sustainable.  
 
The fundamental market deficiency concerns the externalisation of many environmental and social costs 
from markets and the failure to recognise the non-linearity of such costs or the potential threshold effects of 
an essentially capacitated bio-physical world. Sustainable development is concerned, fundamentally, with 
acknowledging limits and with ensuring that economic, social and environmental developments do not 
overreach these. Albeit that definition of environmental thresholds and limits cannot be done with scientific 
precision, owing to the complexity of the bio-physical system and to uncertainty about the effects of 
anthropogenic disturbance of ecosystems and geo-chemical cycles, there is scientific acknowledgement and 
a wide scientific consensus that environmental changes at a variety of scales from global to local are being 
anthropogenically-induced. There is special reason for concern over global-scale changes, such as climate 
change, stratospheric ozone depletion and biodiversity loss, since these threaten to disrupt the basis of 
human habitability and wellbeing at the planetary scale and, therefore, there is an acknowledged need for a 
precautionary approach. Given this context, the critical framing conditions for a transition to a more 
sustainable economy are likely ultimately to require, on the one hand, policies to limit (directly or 
indirectly) the annual aggregate draw of the economy on environmental resources and, on the other, 
changes in the way that economic performance is measured and revenues (both corporate and 
governmental) are raised. 

6.2 Resource or pollution ceilings 

A fundamental stumbling block in the scientific and policy discussion of sustainable resource management 
and its interpretation, including the discussion surrounding the need for and means of implementing 
ceilings on resource use, has been the difficulty of measuring aggregate resource use and of establishing 
disaggregated thresholds and targets. A key aspect here is for which raw materials are ceilings needed and 
how might different materials be included in an aggregated measure of total resource use? However, it may 
well be that many of these complications of scientific and policy debate could be circumvented. Research 
on the historical development of the US economy demonstrates a strong positive correlation of growth of 
US GDP with growth in the quantity and quality of US energy consumption and improvements in the 
efficiency of US energy use (Ayres and Warr 2004a; Ayres and Warr 2004b; Warr and Ayres 2005). There 
is also a close correlation between material use and energy use, measured as exergy. This begs the question 
whether this is a case where the interdependence of natural limits and the interdependence of materials and 
energy use in the economy (the latter as the means of transforming and adding value to the former) might 
work to the policy makers' favour, by making it possible to implement a combined materials and fossil 
energy restraint policy via a single instrument, such as tradable CO2-equivalent emission ceilings and 
permits. 
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In the academic discussion to date, there is virtually no recognition of the opportunity of achieving this 
using individual tradable permits linked to overall ceilings on carbon-equivalent emissions, such as those 
arrangements already in place under the Kyoto Protocol and those now under negotiation for the post-2012 
period. Yet, an approach based upon resource/emission ceilings and tradable permits for one or two critical 
resources or pollutants (acting as surrogates for resources and environmental services generally) could 
potentially form the lynch-pin in a systemic approach in restructuring markets, especially if tradable 
permits were allocated to individuals, for example as individual carbon or CO2-equivalent allowances. Such 
an approach would harmonise the incentives facing both producers and consumers to shift to a service 
economy, giving scope for producers to make profit from the switch while simultaneously giving 
consumers a direct interest in buying services rather than products as a means of maximising consumer 
surplus and utility from a restricted carbon- or CO2-equivalent budget. An opportunity here is presented by 
current negotiations surrounding post-2012 arrangements under the Kyoto Protocol, which may lead some 
countries to adopt individual tradable carbon- or CO2-equivalent allowances for reasons related primarily to 
climate change mitigation.  

6.3 Reform of the system of national accounts 

A necessary complementary measure would be to revise the method of national income accounting to 
include all forms of capital formation and depreciation including those pertaining to the stock of consumer 
durables and to distinguish better between the use of factor inputs in production processes and the useful 
value of the outputs from those processes. Currently, the higher and more inefficient is the use of natural 
resources in the economy, the higher is the apparent national income. This is a dangerous and misleading 
ambiguity that if uncorrected will record eco-efficiency gains from shifts to a service economy as reducing 
national income. This has led to a number of suggestions for improvement, many of which are already 
backed by suggested methodologies to implement these. The resulting indicator set should be able to 
correlate more closely with what we know are the needed directions for a more sustainable economy to 
take. Reducing the resource intensity of the economy should show up as positive, unlike under today’s 
arrangements. Likewise, shifting to a service economy that maximises the value of the capital already sunk 
in products and builds an income stream and profits from the stream of services flowing from this capital 
stock should show as positive progress. For this, there is a need to include the value of the services deriving 
from the use of consumer durables in the accounts. 
 
7. Conclusion and discussion 

7.1 Toward an ecologically-effective ‘systems’ solu tion 

It has been argued that maximising the utilisation rate and value of the capital stock of durable goods is an 
indispensable strategy for sustainable development as it potentially offers a means of delivering high 
quantities and qualities of useful services while reducing the requirement for a continuous stream of natural 
resource inputs into the economy. Maximising the service value that flows from the stock of durable goods 
can secure high real resource and factor productivity by maximising the return on the embodied energy and 
materials and on the use of environmental services implied by the release of pollutants in all up-stream 
processes of the production chain, as well as all other production factors, such as labour, capital and 
information, that have been invested in producing the capital stock of durable goods. This offers a way to 
decouple resource use and environmental stress from economic growth in an absolute sense, and, in 
principle, could therefore provide for sustained economic growth even under conditions of a capacitated 
environment. A mechanism has already been identified that could in principle replace the existing Salter 
cycle, which supports a throughput economy and competition based on lowering the costs of products, with 
an alternative value-conserving economy with competition based on maximising the value of the stream of 
services emanating from the sunk investment in durable goods.14  
                                                      
14  It also provides a potential mechanism for changing the balance of the factor mix in the economy, favouring 
higher labour input as a substitute for energy and materials. There are potential positive synergies with other actual or 
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Some limited positive change in this direction may arise spontaneously or through market changes 
introduced as part of general environmental policy making; indeed, niche changes are already arising in 
respect of some of the plausible technical strategies that could be targeted more purposefully. However, 
new models of and mechanisms for economic growth and new modes of economic management will be 
needed to stimulate the far-reaching, broad-ranging and economy-wide improvements that this approach to 
sustainability implies. The approach requires basic shifts in the broad development model and in the 
framing conditions for directing and monitoring economic performance at the macro level. At the meso- 
level, new business, investment and innovation models will be needed and, also, new models of 
competition. A central aspect here is the intermediation role of ‘exchange’ between producers and 
consumers. The current model based upon the exchange of physical products has become so 
institutionalised that it is largely overlooked in economic analysis, yet there are other plausible models of 
exchange that could provide more sustainable alternatives, for example based on service contracts. At the 
micro-level, new modes of supplying, marketing, buying and using products and services will be needed.  
 
Coordinating a transition will therefore require that changes and actions at these various scale levels are 
harmonised and sequenced and that an appropriate set of framework conditions and incentives is 
established. Change depends upon re-structuring markets so that competition with the framework of 
regulations and relative prices is harnessed around the goal of maximising the productivity of the stock of 
durable goods and minimising the rate at which the capital stock is discounted over time. The need for 
longer-term radical improvement in environmental performance to be achieved through an evolutionary 
pathway of incremental change argues for a strategy that is vision-led but that is mindful of the need for 
making step-wise progress over the short- and medium- terms based upon the cumulative and synergistic 
impact of many gradual changes in the economic framing conditions. This has prompted others to argue, 
justifiably, that no single-measure solutions are likely to be found to the essentially systemic problem of 
how to provide incentives to switch from today’s product-based economy to a service-based economy.  
 
Indeed, a wide variety of incentives could be important for stimulating the emergence of more niche 
examples and strengthening the economic underpinnings of these during the build-up phase of a prospective 
transition to a service-based economy. As well as less specific approaches for improving environmental 
performance, such as internalising externalised costs, ecological tax reform and reform of subsidies, there 
are some potentially important specific measures. These include lengthening of statutory warranty periods 
on durable goods (ultimately to provide substantially longer warranty periods), extension of producer 
liability15 for mobilised materials – such as through producer take-back legislation – to ensure stewardship 
of the materials and full responsibility for their environmental and health impacts (ultimately extending 
across the full material lifecycle); the imposition of a graduated tax on the advertising of durable goods 
based upon the material- and pollution- intensity of the advertised product (ultimately to impose high rates 
of advertising tax on products and services that impose high environmental burden), and active public 
procurement regimes that buy services preferentially and allow for procurement of re-manufactured 
products (something that is often administratively barred by codes of practice that have become 
institutionalised, but which are now inappropriate).  
 
All these measures could potentially be introduced as part of usual, incremental policy making processes 
and ratcheted up gradually to provide ever-stronger incentives for change, which make them potentially 
very attractive for stimulating niche developments. These measures are also potentially synergistic. 
                                                                                                                                                                              
potential policy concerns. By lowering the cost of providing comfortable living conditions, this strategy could help 
reduce the burden on public finances of providing adequate welfare- and retirement- benefits, among others. 
 
15  In Asia, there are already requirements for recycling in Japan, Taiwan and South Korea. Japan, for example, 
has issued a new Home Appliance Recycling Law for the Promotion of Effective Utilization of Resources. This 
concerns nine products (air conditioners, CRT TVs, refrigerators, freezers, washing machines, desktop PCs, notebook 
PCs, CRT displays and LCD displays), which are all now required to be collected and recycled at the end of their 
useful lives. In Europe, the Waste Electronic and Electrical Equipment (WEE) Directive places responsibility on 
producers for taking-back used appliances. This is one of several new or planned initiatives that will extend producer 
responsibility across the life cycle of products and the materials from which they are made. 
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However, although such measures could be important for transition and even though it is possible that they 
could lead to a service economy becoming mainstreamed, rebound effects could still limit the ecological-
effectiveness of such a transition. This suggests the need to define some necessary conditions that an 
ecologically-effective solution should fulfil and use these to identify candidate measures with the capacity 
to meet these. From the foregoing discussion we can identify at least three necessary conditions. These are 
that:  

i)  the incentives facing producers and consumers are harmonised so that both parties actively seek 
to use service contracts rather than products as the basis for exchange value;  

ii)  there is scope for competition among suppliers to drive unlimited improvements in natural 
resource productivity on a unit service basis; and,  

iii)  a ceiling is placed on the total aggregate draw of the economy on critical environmental 
resources and services.   

 
These conditions imply that change in the needed direction will likely depend on regulating the socio-
ecological metabolism at the aggregate level by limiting the annual draw on critical eco-capacity and on 
introducing a mechanism at the level of individual consumers to restrain individual and aggregate 
consumption within these limits. Since there is a close correlation in western economies between energy 
use and material/resource requirement and since most energy use today in western economies is based on 
fossil primary energy, a cap on CO2 emissions is likely to provide a reasonable first-order surrogate 
mechanism for regulating the aggregate socio-ecological metabolism, including material flows (resources 
and wastes) relevant for the stability of the grand-nutrient cycles as well as for disruption of regional and 
local ecosystem functions. Individual carbon permits could therefore be pivotal instruments not so much 
because they provide a strong incentive for a transition from a product-based economy to a service-based 
economy (although they could certainly provide this), but more especially because they offer scope for 
ensuring that such a transition is ecologically-effective. Importantly, this does not apply to the other 
instruments discussed in this paper. In this sense, it can be argued that even in systemic approaches, some 
instruments may be more pivotal than others. 
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