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Abstract  
 
 
 

This essay proposes a reflection on some interventions aimed at supporting 
sustainable growth by stressing the “environmental scarcity”. Only if this 
scarcity is correctly perceived, it can promote sustainable production and 
consumption choices and enhance innovation in order to reduce the 
shortages activating a  process of permanent progress. 
The proposed regulating action is based on the joint implementation of 
environmental taxes and refundable deposits. According to the polluter pays 
principle and to the precautionary principle the environmental tax should 
cover the “certain” environmental damage and the deposit should be 
calculated according to an estimate of the possible damage. These 
instruments help perceive the environmental scarcity both including the 
certain environmental cost and creating an “insurance” system for the 
possible environmental damage and incentives for its definition, reduction, 
and for a continuous assessment of the opportunities of environmental 
improvement and of the real costs of innovation. Assigning the 
environmental scarcity a correct value can enhance environmental 
protection and contribute to orient the production and consumption choices 
reconciling growth and sustainability. 
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Abstract 
 
 
 

Scopo di questo lavoro è proporre una riflessione per favorire una crescita 
sostenibile con  interventi rivolti a segnalare la “scarsità ambientale” che 
solo se è correttamente percepita può stimolare scelte di produzione e di 
consumo sostenibili e produrre incentivi all’innovazione rivolta a ridurre la 
scarsità innescando un processo di progresso duraturo. L’intervento di 
regolazione proposto si basa su un impiego congiunto di due rilevanti 
strumenti ambientali: tasse e depositi rifondibili. In linea con il principio chi 
inquina paga e con il principio precauzionale la tassa ambientale dovrebbe 
coprire il danno ambientale “certo” e il deposito dovrebbe essere 
determinato in base ad una stima del danno potenziale. Questi strumenti di 
regolazione  aiutano a percepire in modo particolare la scarsità ambientale, 
sia internalizzando il costo ambientale certo sia creando un sistema di 
“assicurazione“ per il danno ambientale potenziale e incentivi alla sua 
determinazione e alla sua riduzione, con una continua valutazione delle 
opportunità di miglioramento ambientale e dei reali costi dell’attività di 
innovazione. L’attribuzione di un valore corretto alla scarsità ambientale 
può stimolare la protezione ambientale e contribuire a orientare le scelte di 
produzione e di consumo verso comportamenti rivolti a conciliare crescita e 
sostenibilità. 
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1. Foreword* 

This essay proposes a reflection on some interventions aimed at promoting 

sustainable growth. The better scientific knowledge acquired on the status 

of natural systems shows the modifications of natural environments and the 

losses of biodiversity caused by human action and at the same time the 

importance of the ecosystems for our survival. The various reports by 

important scientific institutions on the environmental conditions and the 

possible future scenarios urge us to enhance our capability to guarantee 

mankind’s welfare in a sustainable way.  

A reflection on the past would be certainly useful to formulate the 

interventions in favour of sustainability; from this analysis a constant trend 

of per capita output growth emerges, with deep inequalities, and situations 

of stress and shortage of some resources, due to the strong pressure deriving 

from the population and production growth on the available resources. This 

situation created concerns initially on the availability of land destined to 

agriculture, then on other natural resources and now more and more on 

energy and environmental resources. However, this sense of shortage seems 

to have promoted processes of innovation and enabled growth to continue, 

causing new shortages made relative by further innovations, in a constant 

process stimulated by scarcity. The increase in the capital-labour ratio 

certainly contributed to this process, but innovation, training and know-how 

seem more and more essential for the wealth of the nations.  

                                                 
* Cranec (Centre of Research of economic analysis, international economy and economic 
development), Faculty of Political Science, Università Cattolica. This essay is part of a 
wider research “Dinamica strutturale: profili storici, organizzativo-istituzionali e 
tecnologici” (Linea D.1. 2006). In Italian, it is published in  Energia, 1, 2008. 
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From the above remarks a relative optimism on the possibility to improve 

human conditions in the future could emerge, but it is necessary to make 

further remarks. A permanent progress requires to reduce or eliminate the 

major tensions existing in the global systems. An incorrect management of 

the natural systems, the deterioration of the biological systems, the gradual 

depletion of the fossil fuels reserves, the tensions due to the shortage of 

resources, the increasing inequality are all constant threats to sustainability.  

We will not dwell on the problems due to the lack of intra-generational 

equity, but rather we will focus particularly on two points that can further 

contribute to reduce the optimism on the possibility of a permanent 

progress: the suitability of the available indicators to assess growth and the 

possibility that the “new shortages” can really provide a constant drive to 

innovation and to scientific and technological progress, reducing the 

contrast between scarcity and producibility. 

Generally the possibility of growth and economic efficiency are measured 

in a way that cannot provide information on how much we can produce and 

consume without compromising the same possibility for the future. Growth 

and efficiency indicators usually do not consider the costs outside the 

market, such as the costs of pollution and environmental degradation, which 

will affect the next generations, and do not provide any information on the 

lack of natural and environmental resources. If the prices of the goods 

included also the environmental costs concerning their production and 

consumption, despite the difficulties of these assessments and the inevitable 

disputes, we could achieve an efficient use of the productive factors, even of 

those that normally do not have a price, like many environmental services. 

However, guaranteeing efficiency not necessarily means guaranteeing 
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sustainability, which depends essentially on choices about inter-generational 

equity. 

Also the analysis of the second point reduces the optimism on the 

possibility of a permanent growth process. Certainly many innovations 

involved important environmental benefits; in industrialized countries, 

which currently are the main responsible for environmental degradation, 

energy intensity decreased, the efficiency in the use of natural resources 

improved and economic growth, made possible by innovation, allowed to 

reduce environmental impact, at least for some pollutants. However, these 

innovations were generally due to the need to eliminate the consequences of 

scarcity on production and consumption processes and affecting the market 

relations. If what enhances innovation is the search for profitability, 

innovation cannot aim at reducing the scarcity of those resources indirectly 

involved in production and consumption outside the market relations, unless 

suitable actions aimed at indicating correctly the profitability are 

implemented. 

That having been said, and being sure that it is our responsibility to govern 

in a sustainable way, but also confiding in the human ability to do it, in the 

following part some interventions for sustainability are considered, 

requiring responsible actions based on solidarity and justice among 

countries and generations; if the principles of solidarity and justice are not 

those pursued, the responsible actions can and must be correctly 

encouraged.   

The essay concludes with a proposal of interventions aimed at stressing the 

“environmental scarcity”, that can promote sustainable production and 

consumption choices and enhance innovation to reduce the shortages 
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activating a constant process of permanent progress only if it is correctly 

perceived. 

The essay is realized in the theoretical context of the multisectoral models 

of production and supposing that the consequences of human action on the 

environment involve only one type of emissions. However, we think that 

neither the theoretical area chosen, nor the simplification considered to 

assess the interaction between economic system and environmental system 

may influence the achieved conclusions. 

 

2. Production technologies  

If there existed only one productive process to produce every good and 

assuming constant returns to scale, the technology of the economic system 

would be represented by the technical coefficients matrix A  of the m 

processes employed for the production of m goods, supposed nonnegative 

and indecomposable, and  by labour coefficient vector l  concerning the 

productive processes included in the matrix.  

If for each j-th good there are jk  productive processes, the technology of 

the economic system is given by all the alternative techniques obtained by 

the possible combinations of the productive processes available for the 

production of each good. Combining in all the possible ways the available 

productive processes, we can create kk...kk m21 =⋅⋅⋅     coefficient matrices 

and obtain k technologies by associating each matrix ),h(A  with h = 1, 2, 

…, k, the corresponding vector )'h(l . Among the above k technologies a 

problem of choice emerges and therefore it is necessary to adopt a criterion 

to decide which one should be activated. 
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3. The order of technologies 
The economic analysis has highlighted the importance of different criteria 

to define an order among the technologies1. In particular, we will remind 

those criteria allowing to establish the physical efficiency and profitability. 

 

3.1 The order of physical efficiency 

According to the criterion of physical efficiency, the technologies are 

ordered depending on the ability to create surplus and the technology with 

the highest uniform rate of net product is the most efficient. Following this 

criterion, the order among the production techniques depends on the )h(sA   

values defined by the system 

)1( [ ][ ] ,)h((h)s1 )h( 0 q IA A =−+  h = 1, 2, …, k, 

where )h(q  indicates the productions vector under conditions of steady 

growth.  

 

3.2 The order of profitability 

According to the profitability criterion, the order among the technologies is 

established with reference to efficiency in relation to the production costs 

and the technology with the lowest production costs is the most efficient. 

This criterion is not exclusively technical, since the production costs 

minimization also depends on income distribution.  

In a competitive system the profitability criterion is followed by the 

producers who, having different productive processes for the production of 

                                                 
1 Quadrio Curzio A. - Pellizzari F. (1999), Rent, resources, technologies, Berlin, Springer 
Verlag; (2003), Rent, technology, and the environment, in Arena R. - Salvadori N. (edited 
by) Money credit and the role of the State. Essays in honour of Augusto Graziani, 
Aldershot, Ashgate. 
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the same good, choose that involving the lowest production costs. If for the 

production of every j-th good it is possible to choose among jk  production 

processes, then the technology is  

(2) [ ],)'h(),h(  lA  h = 1, 2, …, k, e  .kk...kk m21 =⋅⋅⋅     

To establish the profitability of the different technologies we should refer to 

the usual price-distribution system associated to each of them. Indicating 

with )'h(p  the price vector, with )h(π  the rate of profit and with )h(w  the 

unit wage, then we have 

(3) [ ] ,'(h))'h()h(w(h)'(h))h(1 plAp =+π+  h = 1, 2, …, k. 

Each h system consists of m equations in 2m +  unknowns. Choosing the j-

th good, produced in all k systems, as numeraire and expressing unit wage 

and prices in terms of the good chosen as numeraire, we can obtain the 

following relations between w(h) an ).h(π    

(4) [ ] ,
)h())h(1()'h(

1)h(w
j

1 vAIl −π+−
=  h = 1, 2, …, k, 

indicating with jv  a vector with m components all equal to zero except for 

the j-th equal to one. 

The above system is undetermined: choosing exogenously a distributive 

variable, the relations (4) allow to establish the order of profitability among 

the k available technologies. This order depends on the values of the rate of 

profit ),h(π  given the unit wage w, and may vary changing the value of the 

exogenous distributive value; the technology with the highest rate of profit 

given the unit wage (and vice versa) is the most efficient.  
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4. Efficiency, profitability and sustainability 

The abovementioned efficiency concepts, based on the capability to produce 

surplus, in physical terms and in value respectively, are very important 

because they order the technologies depending on the production and 

revenue that can be obtained, whose levels can certainly influence the 

achievable wealth condition, but do not consider the interactions between 

economic, social and environmental system whose consequences have great 

influence on the present and future wealth. 

The impact of the human activity on environment has become a crucial 

issue thanks to the increasing awareness of the strong relation between the 

environmental situation and the human condition. The ecosystems, their 

vitality and resilience are essential for our life. Natural capital and resources 

must be assessed and managed properly in order to maintain and possibly 

increase the level of production and of wealth currently achieved.  

The efficiency and profitability of the different technologies must be 

measured considering a wider concept of surplus and sustainable income 

like that proposed by Hicks2 who, though without talking about sustainable 

income, states that one the aims of determining income is giving the people 

an indication of the amount that they can consume without becoming 

poorer.  

Starting from relation (1) it is possible to establish the value added VA(h) 

that every technology would allow to achieve under conditions of steady 

growth.  

(5) ),h((h)(h)s)h((h)(h)(h)(h)VA(h) )h( qA'pqA'pq'p A=−=  h = 1, 2, ..., k. 

                                                 
2 Hicks J.R. (1939), Value and capital, Oxford, Clarendon. 
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It is clear that (5) does not reflect Hicks’ income. The production activity 

necessarily requires, besides labour and capital produced by man, also 

natural capital which is not considered in (5). It is important to consider 

another representation of the valued added, which can be defined 

“sustainable”, based also on the situation of natural and environmental 

resources directly or indirectly employed, considering the effects of 

production on these resources, whose reduction could even compromise the 

production. 

The abovementioned efficiency and profitability indicators do not allow to 

order the technologies regarding sustainability; the physical order of 

efficiency disregards the consequences of the economic activity on 

environment, as it is defined according to the values of the uniform rate of 

net product of reproducible goods and without considering the depletion of 

the environmental resources due to the production activity. This rate thus 

calculated cannot synthetically indicate the capability to produce real 

surplus and growth in the economic system, since the loss of natural capital 

does not influence its measurement.  

Also the profitability criterion, ordering the technologies according to the 

production costs, does not consider the impact of the production activity on 

environment, as in the calculation of the production costs only those really 

met by the producers are considered. The use of environmental goods and 

services and the damages to environment are disregarded, being the 

environmental goods a particular category of economic goods which 

generally do not belong to anyone (res nullius) or are common goods (res 

communis omnium) only partially subject to property rights and 

economically assessed. The profitability established according to the cost of 
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the productive factors of capital and labour does not consider natural 

capital.   

These indicators should be combined with others more suitable to choose 

the technologies in relation to paths preserving the level of income and 

wealth.  

The creation of these indicators must take into account the definition of 

sustainability expressed by Bruntland Commission that considers 

sustainable the development meeting the needs of the present without 

compromising this possibility for future generations: “a process of change 

in which the exploitation of resources, the direction of investments, the 

orientation of technological development, and institutional change are made 

consistent with future as well as present needs”3. This definition is 

intentionally vague on the types of needs to be guaranteed and the 

orientation to be followed for sustainability, but this vagueness continues 

stimulating the investigation on the consequences of the world’s current 

development paths and the search for operative guidelines for sustainability 

and its assessment.  

Sustainability is a goal with different dimensions and involves inter-

generational scenarios. Though it is difficult to summarize the various 

stances on sustainable development, it is possible to highlight three different 

approaches: according to the first, the very strong relation between 

environmental, economic and social development requires sustainability to 

be assessed considering jointly the status of preservation of resources and 

environment and the social-economic conditions. Sustainable development 

                                                 
3 World Commission on Environment and Development (1987), Our common future, 
Oxford, Oxford University Press, p. 9. 
 



 
 

16

should maximize at the same time the goals of the biological system 

(genetic diversity, resilience, biological productivity), of the economic 

system (meeting basic needs, improving equity, increasing wealth) and of 

the social system (accessibility, involvement, social cohesion, social justice 

and institutional stability). The needs of environmental protection and the 

goals of economic and social progress should be met in a context of global 

balance. 

The second approach focuses more on the ecological system, believing that 

the economic and social system depend on the environment global situation. 

Man is integral, but subordinate, part of nature, which has its own evolution 

balance, and human action must adapt to the preservation of this balance. 

According to this approach, sustainability depends on the capability of 

adaptation and resilience of ecological systems and its assessment requires 

to measure both the anthropic activity pressures on environment and the 

ecosystems responses.  

The third approach stresses the role of capital and considers the preservation 

of the capital stock, both produced by man both human and natural capital, 

the condition for sustainable development.  

According to this approach, called constant capital approach, we can 

distinguish different stances on sustainability differentiating on the reliance 

regarding the possibility to replace the various types of capital. Weak 

sustainability requires to keep the total capital stock unchanged, accepting 

the possibility to replace the various types of capital, while strong 

sustainability requires no type of capital to be reduced in the long run. 

Accepting the concept of sustainable development as the need to not 

compromise similar possibilities for the future, we will try to identify 

indicators of sustainable value added, efficiency and profitability. 
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The sustainable value added is the maximum output that can be consumed 

without compromising the factors allowing to repeat the productive process. 

Normally, to calculate the value added it is necessary to depreciate the 

capital produced by man (in (5) this depreciation is not considered, because 

the relation refers to a model only with circulating capital) to consider the 

need to replace the consumed capital and to allow to reintegrate the inputs.  

The assessment of the sustainable value added should consider the impact 

of production activity not only on the capital produced by man, but also on 

human capital and natural capital. This impact could affect the services 

supplied by these kinds of capital with opposed effects on the future 

possibility to create valued added and on the achievable wealth.  

 

5. Human capital: drive and goal of development 

It is clear that the total output of a country depends not only on the physical 

quantity of factors used but also on an intangible variable reflecting its 

capability to employ the productive factors; this capability can be 

interpreted in a strict sense, as use, improvement and innovation of specific 

productive techniques, or in a wider sense, as good markets, enterprises and 

public administration. The analysis of the intangible factors in growth 

processes highlighted in particular the importance of  human capital and of 

the economic system organization. 

Solow’s4 growth model underlines that the increase in per capita income 

may not depend on the availability of more capital, but rather on the 

availability of  “better” capital. The process of capitalist accumulation leads 

the system to a steady state condition. Capital accumulation is determining 

                                                 
4 Solow R.M. (1956), A contribution to the theory of economic growth, Quarterly 
Journal of Economics, 70, 1. 
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only in the transitional phase towards this condition; once the balance of 

steady state is achieved, the income grow rate depends on the demographic 

dynamics and on technological change, which Solow considers exogenous. 

The driving capability of physical capital decreases as the accumulation 

continues and the permanent growth of per capita output is possible only 

thanks to new scientific and technological inventions. 

Human capital shares with physical capital some characteristics: it can be 

accumulated, without being consumed during the productive process, and 

its accumulation requires resources to be taken from current consumption 

with an investment choice also meeting the profitability criteria. However, 

unlike physical capital, it can constantly boost growth. This difference can 

be explained by various reasons. According to Arrow5 the accumulation of 

experience increases labour productivity, leading to growing performance. 

According to Romer6 research and development create knowledge, with 

positive externalities on the productive capability of all the enterprises, as 

the exploitation of the new knowledge is not exclusive. The creation of 

knowledge is a process which can constantly give positive effects. Lucas7 

highlights the positive externalities of investment in human capital on the 

individuals’ performance.  

The production of human capital on one hand requires human capital, on the 

other offers further possibilities of training and, thanks to the external 

effects, makes the production of human capital more accessible. Therefore, 

a virtuous circle can be created: he who has knowledge can produce more 

                                                 
5 Arrow K.J. (1962), The economic implications of learning by doing, The Review of 
Economic Studies, 29, 3. 
6 Romer P. (1986), Increasing returns and long run growth, Journal of Political Economy, 
94, 5. 
7 Lucas R.E. (1988), On the mechanisms of economic development, Journal of Monetary 
Economics, 22, 1; (1993), Making a miracle, Econometrica, 61, 2.  
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knowledge and generate more wealth. However, also a vicious circle can be 

created, excluding those who don’t have knowledge. The interaction 

between investments in human capital and productivity can explain rapid 

growth in some economies, which may depend on choices of productive 

specialization in sectors characterized by high rates of accumulation of 

knowledge and human capital, but also the stagnation or decline of others, 

where the lack of human capital reduces the performance of the other 

capital and inhibits the production of new knowledge. 

The new growth theories underline the contribution of knowledge and 

innovation to productivity increase and explain technological change as an 

endogenous result of investments in human capital and in research and 

development generating external economies and increases in productivity. 

On the theoretical front today there seems to be a general agreement in 

considering human capital and its accumulation crucial factors in the 

dynamics of the economic systems. Growth is enhanced by knowledge and 

skills allowing to use and develop this knowledge accumulating in time 

thanks to investments in research, development, education and training and 

to the processes of on-the-job training. 

The interaction between human capital and growth can create self-fuelling 

virtuous circles: more educated workforce, higher levels of education, 

higher levels of knowledge and skills, investments in research and 

development improve innovation and productivity and higher incomes can 

spread and improve education, extend the processes of on-the-job learning 

and the use of new technologies requiring labour with higher technological 

skills, further stimulating the investments in human capital.  

Not only on the theoretical front human capital acquired with time a central 

role in the analysis of innovation and growth processes, but its importance 
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influenced the way to conceive development and to establish its assessment. 

In fact, for a long time development was intended as economic growth and 

structural change, measured especially in terms of per capita output. 

However, seeing that rapid economic growth does not automatically reduce 

poverty or inequalities, and does not generate sufficient employment8, later 

it was intended as process not necessarily aimed at extending the 

availability of goods and services, but at guaranteeing decent standard of 

life depending on food consumption, the availability of housings, health 

services, education, drawing the attention from per capita output to the 

individual condition, and now it is basically intended as sustainable human 

development. 

The human development approach9 focuses on people, on what they do or 

can do in their life. Development and wealth do not depend on the 

possession of goods or on the availability of services, but rather on what 

they allow to do. 

The goods, as well as income, are a tool to achieve wealth but are not, per 

se, an index of wealth. We should consider what people can do and can be 

with the means, but also with the capabilities at their disposal10. To judge 

the people’s wealth and the development of countries it is necessary to 

consider the achievements and to extend the possibility to realize oneself 

with reference to the basic needs, such as food, clothes, health care and 

education but also with reference to other needs linked with social relations, 

involvement and the respect for freedoms. 

                                                 
8 ILO (1976), Employment, growth and basic needs: a one-world problem, Geneva; 
(1977), Meeting basic needs. Strategies for eradicating mass poverty and unemployment, 
Geneva. 
9 UNDP (1990), Human development report 1990, New York, Oxford University Press. 
10 Sen A.K. (1985), Commodities and capabilities, Oxford, Oxford University Press. 
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Human development is the process that extends the opportunities for the 

people, for everyone, men and women, and the access to these opportunities 

must be guaranteed not only to the present generations but also for the 

future ones. The opportunities do not involve only the economic sphere and 

therefore they cannot be summarized only in per capita income. The 

possibility for a person to have a higher income, not as an end, but as a 

mean to increase wellbeing, represents one of these opportunities, but 

certainly it is not the only one. There are other opportunities, such as living 

a long and healthy life, acquiring knowledge, having political freedom, 

personal safety and being guaranteed the human rights. 

The human development approach considers people the final goal of the 

development process and the beneficiaries of this process. In this idea it 

differs from the approach that identifies development with the possibility to 

meet the basic needs and that, focussing on the need to guarantee essential 

goods and services (food, clothes, shelter, water, education and health care) 

also to the most disadvantaged, considers the people regarding the 

satisfaction of their needs. However, it differs also from the new growth 

theories which, though stressing the role of human capital, consider the 

people instruments in which we could invest to increase growth and 

produce economic development. 

Sustainable human development, focussing on people, the way they live and 

the opportunities they have, and including many aspects of human life, 

requires composite indicators for its measurement. The United Nations 

Development Programme formulated specific indicators11 to measure 

human development and its deprivation, underlining however that the 

concept of human development is so wide that even if these indexes are 
                                                 
11 UNDP (2007), Human development report 2007, New York, Oxford University Press. 
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improved and refined they will never be able to properly represent such a 

complex concept. Nonetheless, it is possible to identify a group of 

capabilities fundamental for human life as the impossibility to meet them 

inhibits also the other opportunities. In the human development index these 

fundamental capabilities consist in living a long and healthy life, having 

knowledge and access to the resources needed for a decent standard of 

living. Therefore, in this indicator the condition of human capital is 

extremely important and also other recent attempts to measure sustainable 

human development are based on indicators of education, technological 

innovation and investments in research and development, underlining the 

importance of development of the people and for the people. 

Our initial analysis aimed at investigating the interrelations between human 

capital and sustainability. The brief references to human capital lead us to 

make some concise remarks: human capital is essential for development, it 

is the drive of development, the gauge to measure it and represents the goal 

of development itself. And even if since the Industrial Revolution a new 

geological period seems to have started, which was proposed to call 

Anthropocene12 because, for the first time in the history of life on the Earth, 

one single species, the human race, governs evolution and determines the 

dynamics of the ecosystems, radically modifying the natural cycles, from 

water to carbon cycle, and this capability to modify acts in relatively short 

times with respect to the geological times, this species seems the only one 

that could govern the change in a sustainable way. 

 

                                                 
12 Crutzen P. J. (2002), Geology of mankind, Nature, 415. 
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6. Natural and environmental capital: differences  in  the  perception  of   

    scarcity and for sustainability 

Now we will focus on natural capital; generally, with this term we refer to 

land, ecosystems and natural resources. It represents stocks of natural origin 

carrying out different functions; for the following analysis, it is useful to 

make these distinctions:  

- Resources supply: hunt, fishing, gathering, food, fresh water, fuels, fibres, 

biochemicals, natural resources, genetic resources, natural medicines; 

- Services supply: habitat for all the living species, fulfilment of the 

biogeochemical cycles (water, oxygen, carbon and nitrogen cycles), 

preservation of air quality, climate regulation, soil formation, erosion 

control, but also leisure, aesthetic, cultural, religious and spiritual services; 

- Functions of assimilation, dispersion and deposit of the remains of the 

human activity. 

Some functions of natural capital are fundamental to survive; others, despite 

not essential, can have an important effect on growth and wealth. In order to 

assess the implications for sustainability, it is important to distinguish 

between renewable natural capital, such as living species and ecosystems 

that have a natural capability to regenerate, and non-renewable capital. The 

sustainable employment of renewable capital requires a rate of exploitation 

equal to that of natural regeneration: the speed of withdrawal should be 

equal to the speed of reproduction and the speed of waste production should 

be equal to the natural absorbing capability of the ecosystems where the 

waste is produced. Failing to maintain the regeneration and absorbing 

capability has to be considered capital consumption 13. 

                                                 
13 Daly H.E. (1990), Toward some operational principles of sustainable development, 
Ecological Economics, 2. 
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If the exploitation exceeds the regeneration capability or it reduces non-

renewable capital, sustainability requires to balance the loss of natural 

capital identifying paths not depending on the goods and services produced 

by it and then replacing those goods or services with capital produced by 

man. 

The value of the services of the ecosystems and of the natural capital stocks 

that produce them are often ignored or underestimated, because they are 

uncertain and outside the market. However, these services are essential for 

system supporting life on the Earth and for human wealth. 

A group of researchers from the University of Maryland14 estimated the 

value of the services supplied by the various ecosystems for man’s life on 

the whole planet, calculating the costs that would be met if those services 

were supplied “artificially”. For the whole biosphere the estimate of the 

value of the supplied services, most of them outside the market, varies from 

16,000 and 54,000 billion dollars per year, a value that, though exceeding 

the world output of that period, is considered in the research a minimal 

estimate. Moreover, according to the authors, the value of the ecosystems 

services will increase with time due to stress and shortage situations. 

The publication of this result, albeit puzzling, reminds the wealth produced 

by natural systems, which is often disregarded in the growth analysis and in 

the national accounting records.  

Some fundamental principles on the dynamics with natural resources are 

pointed out in the studies of the Classical economists who consider land, 

labour and capital, albeit with different emphasis on the role of each, the 

base to create wealth and consider the existence of a surplus and its 

                                                 
14 Costanza R. et al. (1997), The value of the world ecosystem services and natural 
capital, Nature, 387. 
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accumulation the necessary conditions for growth. Smith15 underlines the 

higher efficiency of labour and man’s innovative capability, improved and 

made possible by the process of division of labour, as key elements for a 

permanent growth. Malthus and Ricardo, in contrast to Smith’s optimism on 

progressive growth of productivity and production and on the virtuous circle 

of producibility, emphasize the natural tie of the resources availability and 

in particular the scarcity of fertile land. According to Malthus this tie results 

in a structural gap between population growth and food products growth: 

the power of population is so superior to the power of the earth to produce 

subsistence for man, that premature death must in some shape or other visit 

the human race16. 

According to Ricardo17 the decreasing yield of the agricultural sector, due to 

the cultivation of less and less fertile land, would lead to a slowdown or 

even a standstill in growth, if the technical progress were not sufficiently 

intense. Therefore, Ricardo does not consider an absolute shortage of land, 

but introduces the idea of relative shortage of natural resources that requires 

to identify the methods for their best use.  

According to Mill18 economic growth is influenced by the decreasing yield 

of agriculture and by technical progress that however could only delay the 

time in which the economy will achieve a steady state. Nonetheless, the 

steady state is not intended as a painful ending of the growth process, since 

Mill even hopes that man will prefer this condition before he is compelled 
                                                 
15 Smith A. (1776), An inquiry into the nature and causes of the wealth of nations,  
London, printed for A. Strahan - T. Cadell, in the Strand.  
16 Malthus R. (1798), An essay on the principle of population, London, printed for J. 
Johnson, in St. Paul’s Church-Yard. 
17 Ricardo D. (1817), On the principles of political economy and taxation, London, John 
Murray. 
18 Mill J.S. (1848), The principles of political economy with some of their applications to 
social philosophy, London, Parker. 
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to do it due to the depletion of the resources related to the population 

growth. In fact, the steady state could be an ideal balance: if technical 

progress allowed to meet the material needs of the population, the steady 

state of the population and wealth could enhance other types of 

improvement with moral and social progresses. 

Thus, the Classical economists analyze the categories of producibility due 

to innovation, absolute scarcity of some factors, essential for the production 

and for life, and scarcity made relative by the employment of different 

productive factors. These categories are the base of the current remarks on 

sustainability that, intended as strong sustainability, requires to impose and 

accept the limits to growth in order to maintain natural capital, while if 

intended as weak sustainability, does not establish any restraint on the 

preservation of natural capital, but requires total capital stock to be kept 

constant, accepting that natural capital can be replaced by produced capital 

to guarantee similar possibilities of production and consumption in the 

future.  

The Classical economists’ analysis shows different perspectives on the 

accumulation dynamics and the economic growth extremely influenced by 

natural resources; however, the industrialization process seems to break the 

ties highlighted between land, population and growth. The high growth rates 

of some countries favoured by the relative copiousness and accessibility of 

many raw materials induce to explain economic growth mainly with the 

accumulation of industrial capital and the transfer of productive resources to 

sectors with higher productivity.  

Following the impulse of the Industrial Revolution, the production activity 

is carried out considering the natural capital inexhaustible. At the same time 

the evolution of the economic theory leads to formulate models where 
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economic growth depends essentially on the capability to accumulate 

physical capital19. According to these theories land does not seem to be a 

restraint, but the emergence of the energy crisis, the slowdown of growth in 

industrialized countries, the emergence of environmental issues highlight 

the bounds due to scarcity. This scarcity is no longer related to land, but 

increasingly to other resources: firstly to mineral and energy, then to 

environmental resources. The scarcity leads to reinterpret the 

abovementioned paradigms and aggravates the concerns on the existence of 

the limits to development. 

We can remind, as a symbol of these concerns, Boulding’s analysis20 

affirming the need to pass from the cow-boy economy, with infinite spaces 

and untiring, but violent and exploitative, behaviours, typical of open 

societies, to the spaceman economy: a closed economy where resources are 

limited. The future economy will have to consider Earth a spaceship, where 

the availability of anything is limited, for the possibility of employment and 

the capability to absorb waste. According to Boulding21 the economists have 

the important merit of focussing on net product and enabling to formulate 

statistics on national income and output and their growth, but we should 

remember that these indicators are not suitable measures of wealth and its 

sustainability, because they do not provide information on the limits of 

                                                 
19 Hahn F.H. - Matthews R.C.O. (1965), The theory of economic growth: a survey, in 
Surveys of economic theory, American Economic Association-Royal Economic Society, 
London, Macmillan. 
20 Boulding K. (1966), The economics of the coming spaceship Earth, in Jarrett H. (edited 
by), Environmental quality in a growing economy, Baltimore, Johns Hopkins University 
Press. 
21 Boulding K. (1966), The economics of knowledge and the knowledge of economics, 
The American Economic Review, 56, 1-2; (1970), Fun and games with the Gross National 
Product. The role of misleading indicators in social policy, in Helfrich H.W.Jr. (edited 
by), Agenda for survival. The environmental crisis, New Haven, Yale University Press. 
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natural resources, on the damages and costs of pollution and on 

environmental degradation.  

In the Seventies the Club of Rome increased concerns on scarcity with a 

report on the limits to growth22. This report, based on simulation analysis, 

stressed the impossibility to maintain the growth rates of that period without 

paying the penalty of the end of development within 100 – 150 years due to 

the depletion of the most important resources and to the effects of pollution 

on the ecosystems and on population.  

These analysis underline the existence of limits deriving from scarcity, 

deemed absolute and therefore unchangeable, not considering that some 

innovations took place because they were stimulated by scarcity and 

enabled to reduce shortages making them relative. Obviously, it is not 

possible to give with certainty a judgment on sustainability beforehand. 

Nonetheless, we think that progress towards sustainability can be achieved 

carefully assessing the possibility to create a circle where the innovation 

deriving from shortage, reducing the limits due to shortage itself, helps 

continue economic growth, which produces new shortages in a constant 

process where, thanks to innovation, scarcity becomes relative. 

 

7. Scarcity rent, innovation and environmental protection 

The abovementioned analysis requires and stimulates some reflections on 

possible actions for sustainable growth. We will start with some remarks. 

The first is that per capita output has constantly increased. For the modern 

time, i.e. from the end of the eighteenth century, the statistical data do not 

show any case where the prevailing and significant demographic growth has 

                                                 
22 Meadows D. et al. (1972), The limits to growth, New York, Universe Book. 
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been accompanied by historical decreases in per capita output23. Indeed, the 

population growth was accompanied by the increase of the aggregate 

output: an increase that for many countries was so significant to boost also 

per capita output at historical levels. 

Output and labour productivity have constantly increased24. This growth 

was possible not only thanks to an increase in capital-labour ratio, but 

especially to an “intangible” factor25. 

The analysis of growth impact on the environment, based on the relation 

between per capita income and some specific indicators of environmental 

degradation, does not seem to underline any improvement of sustainability: 

considering energy consumption, greenhouse gas emissions, energy 

production from renewable sources, the extraction of water resources and 

the volume of transports in relation to the domestic product, the 

transportation models, the exposure of urban population to air pollution, the 

per capita production of urban waste, it is clear the impossibility to maintain 

actual trends with respect to the expected income growth rates. The 

hypothesis of the environmental Kuznets curve, i.e. a relation between per 

capita output and indexes of environmental degradation first increasing and 

then decreasing, is confirmed by empirical research only for some types of 

pollutants, especially those with local effect. This relation is not confirmed 

for environmental problems with global effects. Moreover, also for those 

pollutants for which we could expect a reduction of emissions with the 

income growth, we cannot say whether the change could occur before the 

                                                 
23 Kuznets S. (1965), Economic growth and structure, London, Heinemann. 
24 Kaldor N. (1957), A model of economic growth, The Economic Journal, 67, 268. 
25 Solow R. (1957), Technical change and the aggregate production function, The Review 
of Economics and Statistics, 39, 3. 
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threshold beyond which the load-carrying capacity of the ecosystem would 

be compromised. 

The above remarks highlight a constants process of growth, albeit with deep 

inequalities, which, though creating fundamental resources to face some 

situations of environmental degradation caused by growth itself, creates 

some global environmental problems that should be handled for a 

sustainable development. 

What role did the human and natural capital play in this process and what 

role could they have in the future? 

The growth of per capita output and of the population increasingly made 

pressure on natural capital and this pressure sometimes created conditions 

of serious shortages of some resources and created concerns on the 

dependence of the system on them. However, in these moments, the scarcity 

rent drove innovation processes that made scarcity relative. Innovation 

acted and can act in various ways: replacing limited resources with others 

that are less limited or can be reproduced, increasing the efficiency in the 

employment of natural resources, transforming stocks into resources thanks 

to the progress of knowledge that enables to exploit those stocks that 

previously were considered inaccessible. However, we should underline that 

these innovations are essentially due to profitability reasons: the scarcity of 

resources and the increase in their prices enhances the search for cheaper 

substitutes, the reduction of the employment of resources, with an increase 

in the efficiency of their use, and makes convenient the exploitation of 

stocks, previously considered not profitable. 

Nonetheless, generally the innovation due to scarcity does not seem able to 

guarantee environmental protection, so the problem of reconciling growth 

and sustainability is still open.  
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One could object that many innovations, albeit stimulated by scarcity, also 

produced environmental benefits, and that, at least in the industrialized 

countries, energy intensity decreased and the economic growth made 

possible by innovation could reduce the environmental impact, as it is 

shown by environmental Kuznets curve, regarding some pollutants. 

However, just because above all the reason for innovation should be the 

attempt to reduce the restraints natural resources directly impose to the 

production and consumption processes and which affect the market 

relations, innovation does not seem aimed at reducing the shortage of those 

resources which indirectly influence production and consumptions outside 

the market relations, but whose relevance is essential not only to pursue 

growth, but also to survive. 

In conclusion, the shortage of natural capital can give a rent which enhances 

innovation, promoting a process of replacement between natural capital and 

other kinds of capital and allowing sustainability; however, if the shortage 

of natural capital does not enhance innovation, the process of replacement 

of natural capital cannot take place and any consumption of natural capital 

in these conditions becomes unsustainable. 

Thus, the distinction between weak and strong sustainability can be related 

to possibility for scarcity to produce market signs able to drive innovation. 

In paragraph 6 we reminded different functions of natural capital: especially 

the reduction to provide environmental services may not influence the 

market relations and for this reason we will not dwell on other types of 

scarcities but we will focus on environmental scarcity.  
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8. Environmental scarcity and price-distribution system 

The rather optimistic conclusion on the possibility to replace natural capital 

is based on the confidence in the capability of innovation to face scarcity;  

with this confidence we will consider some actions aimed at underlining 

environmental scarcity in order to properly enhance innovation to promote 

sustainability. 

In order to highlight the environmental scarcity in the traditional 

multisectoral production models first of all we have to consider the impact 

of production on environment. 

We assume that the production activity generates only a type of pollutant 

and that emissions are in proportion to the production level; thus the 

technology of the system is represented jointly by the technical coefficient 

matrix ),h(A  by the labour coefficient vector )'h(l  and by the emission 

vector '(h)e where each element )h(e j  expresses the pollutant emissions 

per unit of goods produced by the j-th productive process.  

We stated that the value added calculated with system (3) cannot be 

considered a correct measure of what it is possible to consume without 

compromising the possibility to reproduce that value in the future, as the 

prices depend on the costs of the inputs required in the production, 

including labour and profit margin, but not on the present and future 

environmental costs generated by the production activity, as they don’t 

depend on '(h)e . Also the order of profitability among the different 

technologies calculated according to that system does not represent a 

sustainable order of profitability. Therefore, we should reformulate the 

price-distribution system in order that the environmental costs generated by 
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the production activity are explicitly considered in determining valued 

added and profitability.  

 

9. Process regulations, environmental standards and sustainability 

Generally, it is possible to reduce the environmental impact of the 

production activity both in advance, by adopting more environmentally 

friendly productive techniques, and later, by employing abatement 

technologies or with proper measures of restoration and adaptation. 

Environmental protection requires a part of the surplus to be assigned to this 

purpose and therefore a reformulation of the price-distribution system 

introducing the charge of environmental protection consistently with the 

“polluter pays” principle, according to which those damaging the 

environment must pay the costs to repair or reimburse these damages.  

Since there are different technologies to reduce the environmental impact of 

every productive process, the problem is to choose among them. Though the 

principles of precautionary action and the priority correction at source of the 

damages caused to environment have become the cornerstone of the current 

environmental policies, now we will consider only the problem of choosing 

among different technologies to reduce environmental impact based on 

efficiency criteria. Then, in the following analysis, we will analyze the 

different level of environmental risk related to the choice of the productive 

process and to the technology of pollution control. 

The protection costs depend on the technology adopted to reduce the 

environmental damages. The regulation authority could define the most 

efficient protection process according to the information at its disposal and 

impose to employ this process. The price-distribution system with 

environmental protection is obtained from system (3) as follows: 
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(6) [ ] ,'(h))h()'h()h(w(h)'(h))h(1 pclAp =++π+  h = 1, 2, …, k;  

(h)c  represents the environmental protection costs for the emissions 

produced by each productive process activated at unit scale. Since the 

environmental protection requires labour and other means of production,  

the environmental protection costs can be expressed as follows 

(7) ( ) ,)'h(w(h)'1(h) Tl Tp c +π+=    

where (h)T  is the technical coefficient matrix of the inputs required for 

environmental protection according to the emissions generated by the 

productive processes activated at unit scale and )h(Tl  is the labour 

coefficient vector required in this activity. 

Replacing (7) in (6) we obtain 

(8) [ ] [ ] [ ] '.(h))'h()'h()h(w(h)(h)'(h))h(1 pllTAp T =+++π+  

For sustainable environmental protection the maximum eigenvalue of the 

matrix [ ](h)(h) TA +  must be lower than one. Environmental protection 

influences the prices, the value added and the distributive variables. In fact, 

the prices established according to system (8) include the environmental 

protection costs for each sector and the rate of profit (unit wage), given the 

unit wage (rate of profit) is lower than that without environmental 

protection. 

However, the value added calculated according to system (8) still does not 

represent a proper measure of the sustainable value added, because the 

protection activity does not remove completely the emissions damages and 

the prices (h)p  do not reflect completely the application of the polluter 

pays principle, because they include only the environmental protection costs 

and not the costs of the remaining environmental damage.  



 
 

 35

A regulation imposing the environmental protection, though allowing to 

achieve environmental benefits, is essentially not sufficient to define a 

price-distribution system properly reflecting environmental scarcity. 

Furthermore, imposing enterprises to control the environmental impact by 

adopting a specific technology chosen by the regulating authority may 

create problems of asymmetrical information, because generally for the 

regulating authorities it is more difficult to acquire information on the most 

efficient protection technologies, and lead the enterprises to conform to the 

imposed standard, without enhancing the search for less polluting 

productive processes or more effective reduction technologies.  

As an alternative to this type of regulation, the enterprises could choose the 

technology for environmental protection, limiting the regulation activity to 

the definition of the environmental protection level (in the above model it 

was the amount of emissions considered efficient), though we should 

underline that generally the environmental standards are established 

according to remarks of technical (medical, engineering, biological…) 

nature with reference to criteria related to man’s health rather than 

according to economic efficiency criteria which are difficult and 

questionable to assess. Once the environmental standard has been defined, 

i.e. the maximum level of allowed emissions, an amount of allowances 

corresponding to the defined emissions must be issued. Each allowance 

enables the holder to issue a specific amount of emissions. The transfer of 

the allowances enables to comply with the global standard at the minimum 

cost.  

A regulation of this type is better than the previous one, because it is cost 

efficient. The enterprises are not obliged to conform to a prefixed model; 

they can choose how they can comply with the standard, that is they can 
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choose the technology on the basis of the costs of production, prevention, 

reduction and restoration and of the specific environmental impact and are 

driven to make more environmentally friendly choices and to develop less 

polluting productive processes. 

However, even with a regulation of this type, the enterprises consider the 

costs paid for environmental protection, but not the remaining 

environmental damages. 

Essentially, environmental regulations based on emissions standards, or 

process standards or product standards can lead to environmental 

improvement, but these instruments fail to define a system of prices that, 

completely reflecting the environmental scarcity, leads to correct changes in 

the methods of production and consumption and properly enhances the 

search for more ecological productive processes and innovation in favour of 

the environment. 

 

10. The economic valuation of the environment 

Sustainability requires to formulate a price system reflecting both the costs 

of environmental protection and the loss of the value of the services offered 

by the environmental resources, depending on not prevented or not 

eliminated environmental damage. This requires to completely implement 

the “polluter pays” principle, including in the price system also the cost 

related to this damage in order to provide correct information on the value 

added and create a virtuous circle between environmental scarcity and 

innovation that may enhance sustainability. Only referring to a price-

distribution system of this type, it is possible to define an order of 

profitability among the technologies really reflecting the minimization of all 
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the costs related to production, not only those normally detected in the 

market. 

Assigning a measurable value to the environmental damage requires a 

complex series of analysis and assessments involving various factors, such 

as ecological, economic and social benefits and damages. The effects of the 

production system on the environment can be examined and assessed from 

different and complementary points of view: to identify the alteration of the 

physical and biological systems, thus according to a scientific perspective, 

or to measure the value of the environmental goods involving the homo 

economicus, i.e. with an anthropocentric approach. Both points of view are 

important and the problem is to define which one has to inform and direct 

the public choice.  

The economic valuation of the environment allows to consider the gains and 

loss deriving from action or inaction and enables to implement the principle 

of social efficiency affirming that he who damages the environment must 

pay the costs to repair or reimburse the damages, contributing to properly 

orient the public and private choices.  

According to the value theory of the welfare economics, the value of the 

environment is intended as the flow of services it is able to supply, since the 

welfare of a person depends also on the quantity and quality of the goods 

and services supplied by the ecological system. Thus, the measurement of 

the economic value of the changes in the ecological system depends on the 

effects of these changes on man’s welfare and the economic valuation of the 

environmental goods reflects the preferences of the people on the flows of 

services supplied by them. What is assessed is not the environmental good 

in itself, but rather the people’s preferences for the changes in the quality 

and/or quantity of the environmental good, leading to changes in the flow of 
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the supplied services. An assessment based on the people’s preferences may 

not properly reflect the need to guarantee the availability of those goods 

also in the future, the risks deriving from the consequences of the current 

choices that sometimes are irreversible and, from a less anthropocentric 

perspective, the value of the existence of the environmental goods 

independently of the people’s preferences for them. 

The economic valuation of the environment is an important tool to decide 

on the possible actions for sustainable development. Considering the 

obvious condition of uncertainty on the consequences of the present 

choices, it would be fit to consider different components of the total 

economic value of an environmental good: use values, related to direct use, 

but also the so-called indirect use values, such as option values and 

inheritance values, and non-use values, i.e. the intrinsic value of the 

environmental goods.  

The abovementioned components of the total value reflect the different 

ways of considering sustainability indicated in paragraph 4 and reflect 

various reasons for preservation: maintaining the option for a use in the 

future for altruistic or inheritance reasons, but also preserving the good for 

its existence value independently of its possible use. Use values reflects the 

value of natural capital as a function of the benefits for the present 

generation and those deriving from giving the opportunity to choose also in 

the future. What is important is not preserving natural capital as a whole, 

but rather having a proper flow of goods and services and properly facing 

the risks depending on the current choices. Considering an existence value 

we recognize a subordination of the economic and social system to the 

ecological system that in any case must be preserved. 
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The economic theory formulated various criteria of environmental valuation 

developing techniques of estimate of the benefits depending on the 

availability and quality of the environmental goods, and of the damages due 

to the reduction of availability and to worse quality, based on the people’s 

ways of response. These can be examined referring to real transactions of 

goods and services which differ for environmental qualities, thus indirectly, 

or artificially creating some markets to obtain a direct valuation of the 

environmental goods and services. However, the use of these techniques 

does not allow to achieve a uniform and shared valuation of the 

environmental goods: the major problems and disputes concern the 

intergenerational nature of the valuation and the definition of the intrinsic 

value of the natural resources, reflecting the different stances on  

sustainability requirements. 

 

11. The assessment of environmental  damage  and  environmental  risk  

       for sustainability 

Calculating the sustainable value added and the sustainable profitability 

order requires the environmental damages to be properly assessed. 

However, the constant development of the assessment techniques does not 

allow to obtain a largely shared valuation of the environmental damages.  

To avoid that an incorrect estimate of the environmental damages may 

compromise sustainability, it would be suitable to include in the price 

system an assessment both in relation to the damages that the production 

activity certainly implies or for which a shared estimate exists, and in 

relation to uncertain damages or for which the estimates are very different.  

In the above model every productive process is characterized by a specific 

flow of emissions for which an assessment of the environmental damage 
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should be made. This assessment should include two aspects: one 

concerning the damages currently known and measurable with relative 

accuracy and one concerning the possible damages. 

Obviously, the verifiable damages must be ascribed to the polluting 

productive processes. This result may be achieved by imposing a tax, for 

each unit of produced emission, equal to the assessment of the “certain” 

environmental damage caused by this emission. 

Today, the environmental taxation system is considered one of the most 

significant regulating instruments both for its effectiveness and for its 

efficiency. Environmental taxes allow to include into the market prices the 

cost of the environmental services and the damages and therefore lead to 

changes in the methods of production and consumption, amending the 

distortions: in particular, they deter from the consumption of polluting 

goods and encourage the polluters to employ less polluting technologies and 

to search for technologies with lower environmental impact. The revenues 

obtained with the environmental taxation may also create resources destined 

to support innovation in the environmental sector and policies for the 

environment. 

Concerning the damages which cannot be verified immediately and for 

which the estimates are very different, it would be unlikely to levy an 

environmental tax in relation to an assessment of an “uncertain” damage, 

both because it is difficult to achieve an agreement on the estimate and 

because this type of tax would not be easily accepted. The environmental 

taxation system is not welcomed by the entrepreneurs who generally prefer 

to negotiate and influence the government on the emission level to be 

complied with rather than pay taxes making the enterprises less competitive.  
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A tax related to an uncertain damage, or difficult to assess, would be 

unlikely to be approved. On the other hand, not including in the market 

prices the assessment of possible environmental damages could lead to 

wrong choices if these damages occurred in the future. 

Considering only the “certain” environmental damage, indicating with τ  

the assessment of the certain environmental damage per unit of produced 

emission and levying a tax on emissions equal to τ , the price-distribution 

system is: 

(9) [ ] ,'(h))'h()'h()h(ŵ(h)'(h)ˆ)h(ˆ1 pelAp  =τ++π+  h = 1, 2, …, k. 

The prices and the distributive variables calculated with system (9) differ 

from those calculated both with system (3) where the impact of the 

economic activity on the environment is not considered, and with system (8) 

where, though considering this impact, the environmental costs are limited 

to the prevented or eliminated damage.  

From system (9) it emerges that the more the environmental damage, the 

less the value added. This system allows to calculate the maximum 

environmental damage per unit of emission that each technology can bear. 

This maximum level, indicated with  ),h(d  is equal to   

(10) [ ] ,
)h()'h(

1)h(d
j

1 vAIe −−
=  h = 1, 2, …, k, 

where jv  is a vector with m components all equal to zero except for the j-

th, which is equal to one. An environmental damage higher than )h(d  

indicates that the current technology is not sustainable. 

From system (9) it is possible to obtain an assessment of the sustainable 

value added more suitable than in system (8) and define an order of 

profitability among the different technologies considering the shared 
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assessment on the environmental damages caused by production. However, 

if this assessment were incorrect, only later we would realize that we made 

choices based on inappropriate signs and for some types of environmental 

damages it could be too late, or very expensive, to repair the damage. 

 

12. A  proposal   of   joint   application   of    the    “polluter pays”    and   

      precautionary principles for sustainability 

A precautionary approach requires also an assessment of the uncertain 

damages, or differently perceived, to be included in the price system. 

Besides, the precautionary principle is introduced, with the Treaty of 

Maastricht, among the fundamental principles of the communitarian 

environmental policy, together with the prevention principle, the repair 

principle, with priority at source, of the damages caused to environment and 

the “polluter pays” principle. According to the precautionary principle, in 

order to guarantee the protection of fundamental goods, such as health or 

environment, it is necessary to adopt or impose specific precautionary 

measures for those activities that may represent threats or danger and for 

which a dangerous situation can be expected, even if it is not proved on the 

current scientific knowledge.    

This principle legitimates to impose specific measures before a possible 

damage occurs; as it has constitutional value, it is a binding principle for the 

Member States. 

The persons in charge of the environmental policies have to constantly face 

the dilemma to balance people’s and enterprises’ freedoms and rights with 

the need to reduce or remove the risk of negative effects for the 

environment and health.  



 
 

 43

This balance could be achieved with a regulating action based on the joint 

employment of two important environmental tools: taxes and refundable 

deposits. In particular, the environmental tax should cover the “certain” 

environmental damage. The deposit should be calculated according to an 

estimate of the possible damage. In case of differences in the estimate, the 

precautionary principle requires the highest estimate to be referred to.  

Indicating with σ  the estimate of the current value of the maximum 

possible damage of an emission unit, the price-distribution system is equal 

to:  

(11) [ ] ,'(h)~)'h()'h()'h()h(w(h)'(h)~)h(~1 peelAp =σ+τ++π+  h = 1, 2, …, k, 

After the payment of the deposit an amount of allowances has to be 

distributed, and it will have to be reimbursed totally or partially if it is 

possible to prove with reasonable certainty that the possible damage will not 

occur or is lower than the maximum estimated value. 

With these regulating instruments the polluters are charged both the certain 

cost of the environmental damage and the real cost of the future damage 

even if currently the latter is not properly known. As long as the scientific 

information on the environmental impact is incomplete or not decisive the 

environmental risk is at the polluter’s charge. 

This application of the precautionary principle requires the polluter to know 

and assess in advance the consequences of his operations and the possible 

changes deriving from the modifications of the technological and 

managerial processes. The polluters have the responsibility to produce the 

scientific proofs necessary to carry out a complete assessment on the 

environmental risk and impact, and the possibility to be reimbursed the 

deposit represents a constant incentive to improve the assessments and 

reduce environmental damages. 
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Even in case of serious environmental damage, if the estimate of the 

possible damage is appropriate, the fund accumulated thanks to the deposits 

should be able to indemnify the future generations. 

System (11) shows that the h-th technology, for which 

(12)  )h(d>σ+τ  

would result, is not sustainable. The assessment of the maximum possible 

damage is of strategic importance because it can impede the activation of 

technologies with high environmental risk or delay their activation, while it 

enhances the adoption of technologies for which the profitability can be 

estimated beforehand, i.e. those whose environmental impact can be 

correctly assessed. 

Finally, the price-distribution system (11) seems the most appropriate to 

assess the sustainable value added and establish the order of profitability 

among the technologies. The proposed regulating instruments help perceive 

the environmental scarcity in a particular way, both including the certain 

environmental cost and creating an “insurance” system for the possible 

environmental damage and incentives for its definition and reduction, 

constantly assessing the opportunities of environmental improvement and 

the real costs of innovation. Assigning the environmental scarcity a correct 

value can enhance environmental protection and contribute to orient the 

production and consumption choices to behaviours aimed at reconciling 

growth and sustainability. 
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