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Abstract: The currently low utilisation rate of products is mainly a result of their
qualitative properties, of market needs (fast replacement) and of consumer behaviour.
Indeed, products are now specifically designed and produced to be quickly replaced, so
that manufacturers can maintain high production volumes; however, this trend leads to
resource depletion and environmental imbalances. In order to substantially increase
resource productivity (by at least 10 times), the technical and economic features of goods
have to be radically changed so that their use may be optimised. This could be done
through the concept of enduring quality, based on functions – rather than properties -
characterised by long-term stability. Of course, a significant change of this kind would
involve a radical modification of all production trends and of our basic understanding of
goods. At the same time, we also need to change the way we utilise goods. The aim of this
paper is to highlight this paradigm in order to identify which are the main factors able to
get enduring quality to maximize the utilisation rate of durables and, consequently, to
increase resource productivity.
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1. Introduction

The main causes of the present non-rational use of natural resources can be identified in
some deep-rooted trends in the production and use of durable goods, i.e.:

 high incidence of energy and materials in the unit of output, in the production of
richness, and in the whole economy

 low utilisation rate (individual and global) of nearly all goods (automobiles,
motorbikes, white and small appliances, personal computers, etc)

 limited percentage of recovered materials at end of life.
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These trends are more and more consolidating the connotation of “resource depletive”
economic systems [1].

If at the beginning of the diffusion of these goods the question of “resource depletion”
was not remarkable, nowadays by now in all countries in the world it cannot be postponed
any longer, but a diametrically opposite process needs to be started that permits to achieve
a very high resource productivity: one must consider that a “jump” of at least ten times in
comparison with the present level is needed if one wants to pursue a “resource
regenerative” economy. Such a great increase cannot be done by following the way of
“eco-efficiency” but the one of “eco-effectiveness”, or, even better, of “resource-
effectiveness, a concept that has been used in recent works 1 2. This because eco-
efficiency is a paradigm associated with optimisation when combining given inputs,
whereas eco-effectiveness is associated with the setting of a “state of bliss” (or “ideal
state”), which represents the best theoretically achievable objective in a developed
economy, zero resources and zero emissions. Since that objective is far from the present
situations, all over the world, it is possible to measure the “distance between real and ideal
situation”, through a “loss function”, and then deeply modify such situations in order to
reduce the distance (or loss) from the “state of bliss” 2.

Consequently, the main changes to be made is the type of development, where, instead
of “making things”, the economic system should be oriented to “make the right things”,
and where the practice or re-producing should prevails on the one of producing 3 4.
The first indispensable step is to change both the production trends and the utilisation
behaviour, by remarkably increasing the utilisation rate of goods.

Since it can be measured by means of the formula

Utilisation rate (UR) = Global Performance Index (GPI) x Utilisation Intensity (% of
potential utilisation) x No. of years of useful life

It can be drawn that it depends on the global quality of the product (that can be calculated
according to the method 5 previously set) the percent of the potential utilisation time, the
duration life (years).

Therefore, the utilisation rate can be increased by simultaneously acting on two
strategic elements that are closely interrelated: type of goods and type of
quality/performance.

2. Devising and Designing New Appropriate Product

Since all goods produced and used in our present societies are not suited for a maximal
utilisation, new products that are more suited to achieve the above outlined aims must be
devised and realised in a way to make it possible an intense and qualified utilisation, both
absolutely and in relation to the amount of the employed energy and materials, and in a
way to last as more as possible.

To this purpose, starting from devising and design 6 7 8 9 10, all productive
trends should give prevalence to highly functional properties/performance, and stable for
very long time, also foreseeing a great easiness/advantage of maintainability, repair and
re-manufacturing; in other words, diametrically opposite trends as compared to the present
ones.
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The fundamental aspects of this change seem to be:

 timeless design, which means a design that can overcome the aim to satisfy only
short-period needs

 non-fashion oriented design, that is a design not-influenced by the passing
fashion

 robust, reliable wear-resistant design, i.e., a design based on robustness and
resistant to wear

 design for easy repair and maintenance, which means a design aimed at making
economically advantageous repair and maintenance

 long-life guarantee, i.e products able to last long-time
 modular product design, that is products having a real high modular structure to

make easier assembly and disassembly, and substitution of parts
 high adaptability to technical evolution, which means the capacity to develop

also partially the implemented technologies and contributing to a gradual
improvement, without having to replace the whole product (that may be called
upgrading/development potential)

 functional optimisation of product components, i.e., combining the parts of a
complex product with the highest functional final result

 design for remanufacturing and recycling, which means to make the product easy
to re-manufacture and recycle

 design for safer disposal of product remains, i.e., to make the unrecoverable/non-
recyclable remains of the product easy to dispose

 high multi-functionality, that is to say the presence in the same product of
manifold and diversified properties that can make it possible a multiple
utilisation and of repeated use

 high opportunity for joint use, which means the incorporation of such a features
that give the possibility of use by different users

 easy disassembly or reparability, i.e., a high easiness of dismantling and
separating all parts, either for replacing, repairing or for disposing them

 high recycling or possibility of disposal of component parts, i.e., that all parts
should have such a features to be easily and economically recycled or disposed

 secondary utilisation of materials, i.e., the practice to implement the same
materials several times after their recovery

 minimising energy and materials during use, that is producing goods that need
very low amounts of energy and materials during their use.

3. Outline of Enduring Quality

Such an innovative product conception inevitably should be concretised in a high
functionality, that can be reached with such an innovative properties/performances to be
considered more important than the product itself (transportability instead of transport
means, detergency capacity instead of washing machines and detergents, therapeutical
effect instead of pharmaceuticals, etc.) 3.

The main consequence to this change is that, instead of the market price for a product,
a price related to the real global performance should be considered and defined which
consequently means to set prices closely related to the results provided by the product
during its useful life.
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The approach of the price related to the real performance/result actually represents an
“objective utilisation value”, even if not having on absolute validity because of the
inevitable different importance given to products by the users.

It is clear that the higher and the more extended the performances are – therefore the
results that can be obtained by using goods during the whole life – the lower the unit price
and the higher the global utilisation value will be.

With this final target, it becomes fundamental to define what is a “long-term quality”:
the “aptitude of goods to carry out their functions in effective and stable manner, and over
long periods of time, without downgrading, therefore having great capacity to keep
unaltered the original properties during all life-span, also by easily and cheaply reinstate
the original quality level in case of downgrading”.

To achieve this concept of “long-term quality”, the properties/performances that can
contribute are definitely 11:

 high multi-functionality and versatility
 high reliability
 high robustness
 high safety
 easy maintainability
 easy reparability
 high recyclability
 low energy consumption during use
 low water consumption during use
 performance stability during use

Many, and other, of these properties/performances today are not yet measurable and
the International Standardization Organization (ISO) should set methods and modalities to
do it.

But also the traditional properties/performances should be developed toward more
effective and functional levels, within the aim and scope to increase the utilisation rate
and value.

4. Developing and implementing suited production systems

The new type of products, having such type of quality, requires new and appropriate
production systems and new materials and energy.

About the new production systems, it is necessary to refer to “technological clusters
and symbiosis among companies”, in ways to create vertical integration (in a life-cycle
perspective), as well as horizontal and circular integration (complementarities), in such a
forms that the transformation process does not to take place in the light of the “efficiency”
paradigm, but in the light of the “resource regeneration” and “resource effectiveness”
paradigms.

As a matter of fact, it is also ascertained that these fundamental results cannot be
achieved neither in the context of a single company, nor vertically in the various phases of
the life cycle, if not in a limited manner 12 13 14 15 16 17 18.
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The criteria that must drive the development and diffusion of new appropriate
production systems may be:

 few production steps, to simplify the production processes
 real product diversification, to make available goods really different (on the

contrary, today very often the diversification degree is marginal or even illusory
19 20 21

 high global effectiveness and efficiency of inputs, that may be achieved by
getting the highest results at the same time for all of the aspects that influence the
companies’ competitive advantage, in a sustainable perspective (materials,
energy, environment, quality, flexibility, volume mix, inputs effectiveness) 22
23 24 25

 avoiding emissions and wastes, that means to choose solutions, at all levels,
tending to avoid formation of emissions and wastes

 minimising packaging i.e., reducing as more as possible the incidence of
packaging in the final product

 making available a real technological pluralism, that is developing even very
different solutions that give substantially comparable results, therefore making it
possible to adopt the most appropriate one in each different condition 26

 creating a synergy among companies to close the material and energy cycle, so
realising an industrial metabolism (industrial ecology) 12 13 14 15 16
17 18.

5. The Need for Eco-compatible Materials and Energy

The development of such a new type of production systems inevitably has to be jointly
followed by the development and implementation of new materials and energy forms and
systems, able to contribute to realize a long-term quality, hence to increase the utilisation
rate of goods, through at least the following features:

 low impact materials and energy
 renewable materials and energy
 recycled, recoverable and recyclable materials

6. The Fruition Approach for Maximal Utilization

The optimal utilisation of new goods, despite their substantially improved properties and
functions (long-term quality), at the same time depends on a parallel change in the ability
of consumers to critically choose goods and to utilise them in an appropriate, qualified,
intensive manner. Such a radical change, involving the population as a whole, can only be
achieved as a result of individuals’ and society’s acquisition of the basic principles
underlying sustainable development: these same principles have to be ever-present each
and every time a good is bought and utilised.

From this point of view, each individual must be transformed into a “fruiter”; this
requires an approach to goods whereby they are appreciated for the properties they
genuinely (objectively) possess rather than for any idea they may evoke, or for any more
general need, or, worse still, for our perception of them as status symbols 27.

The “fruition approach” can be made possible by our capacity to independently and
critically evaluate the objective level of the performance/functions (global quality) of each
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good, to compare the same good with other available goods, and to think of the
price/global performance ratio as being of decisive importance 5.

Nevertheless, all of the above-mentioned fundamental changes are going to be
insufficient or ineffective if the economic systems in question are not organised along the
lines of a “service economy”, that is, an economy in which the service activities constitute
a strong, albeit not predominant, presence - one that contributes towards the optimal
utilisation of the goods themselves (28): activities capable of rendering the utilisation and
re-utilisation (prolonged use) of the said goods easier, by means of repairs, reconditioning,
upgrading/development and, at the end of the good’s lifecycle, its recycling and disposal
(thus closing the cycle).

Furthermore, such activities could be organised so as to give positive results in the
case of small and medium-sized companies, which would in turn increase employment
(destined to fall further in existing economic systems, based as they are on increasingly
frantic rhythms of production).

7. Conclusions

New properties/performances of goods are the crucial element to devise the definition and
concretisation of a long-term quality, that is a necessary condition to highly increase their
utilisation rate; and this type of long-term quality – as it has been defined before – can be

Production

• Functions

• Useful duration

• Disposal at end of life

Utilisation

Capacity of the economic system to
provide assistance and services
designed to maximise the use of
products (service economy)

Consumer’s capacity to choose and
optimise the use of products (service
economy)

Long term quality

• Type of product

• Type of productive system
(technologies employed, organisation,
symbiosis among companies)

• Type of materials and energy sources
used

Market

Fig. 1: Scheme of the Elements that Could Contribute to Achieve a Long-Term Quality
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achieved by designing products suited to this purpose, by developing production systems
and materials with such features able to close the material cycle on the one side and to
considerably reduce the incidence of materials and energy in the value of goods
(functional goods), in order to increase resource productivity.

At the same time, in order to make it possible these achievements, a great change in
users’ aptitude is necessary, based on an approach to the utilisation of goods that
considers the real functional properties, in order to evaluate the most advantageous
price/performance (or result).

Of course, the utilisation rate can be increased and maximised only if the economic
organization could develop service activities capable of making the utilisation and re-
utilisation of goods easy and advantageous. A scheme of the basic elements that could
contribute to these changes, both on the side of production and utilisation, can be the one
reported below (Fig. 1).

The prospected change is based on the identification and development of innovative
solutions, both at company 29 and at macro-economic level, that, by embodying the
“resource-effectiveness” paradigm, could become strategic for sustainability 33 34
35 36.
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