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Abstract: Environmental sustainability is a crucial issue for future surviving and quality 
of life. Decoupling economic growth from environmental sustainability would be useful 
and desirable; and even better would be to join the pathways of these two values. A linear 
eco-efficient cradle to grave approach should be changed with a circular cradle to cradle 
logic. Using the instrument of factor analysis, this paper studies the approach of private 
firms toward eco-efficiency and sustainability. The results of our analysis show that 
private firms tend to adopt three different approaches. Two of them are based on eco-
inefficient production technologies while the third approach privileges investments in 
R&D and more efficient production technologies that produce less waste and less GHG 
emissions. 

Keywords: Eco-efficiency, cradle-to-grave, sustainability, eco-effectiveness, cradle-to-
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1.  Introduction 

In the recent decades, sustainability has become a growing concern. Since the Earth 
summit of 1992 in Rio, the idea that the economic, social and environmental aspects of 
the problem were interrelated, and part of the possible solution [1], has been generally 
accepted. In the beginning of nineties, it has begun to take place the idea that eco-
efficiency may be the solution to the sustainability problems.  

Eco-efficiency is associated with a cradle-to-grave flow. It has essentially quantitative 
approach, which is to minimize wastes and consumption of natural resources [2]. 
However, an example of the difficulties in a recycling proceedings can be seen in the 
remanufacturing processes, that can restore in like-new conditions the returned products, 
when the forecasting models do not allow to have a clear timing and quantity of return 
products [3]. In the cradle-to-grave view it is possible to note a trade-off between the 
environmental influence of an economic activity and the associated costs [4]. 
Environmental protection has an economic cost; hence better environmental quality 
requires more charges. An increase in eco-efficiency can improve the environmental 
standards with the same costs or it can reduce the costs maintaining the same 
environmental quality. Nevertheless, when the maximum level of eco-efficiency is 
reached, the trade-off takes place. The eco-efficient solutions lie on a Pareto optimal 
frontier [4]. The concept of the eco-efficiency is related with “creating more value with 
less impact or doing more with less” [5, p. 9]. To visualize better the idea it is possible to 
represent it as a ratio between an economic value and an “environmental influence” [5], 
[6]. The ultimate extension of this logic is the Zero emission strategy. It is, in fact, 
necessary to eliminate the negative environmental effects associated with the production 
system [2]. Several difficulties must be considered adopting a Zero emission strategy, as, 
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for example, market failures and cultural barriers that can limit the diffusion of the 
necessary technologies [7]. Decoupling the relationship between the economic growth and 
environmental impact may allow achieving growth with no damages to the environment 
but it may not set a positive relationship between ecology and economic growth [2]. 

From management point of view, it is necessary to find an equilibrium between the 
level of environmental protection and the costs. A too high level of environmental 
protection may lead to excessive costs [8]. These kinds of problems are characteristic of 
the cradle-to-grave logic: an improvement in one dimension occurs at the expenses of the 
other, unless an increase in the level of eco-efficiency occurs. The sustainability of the 
system, hence, it is not sure, it depends to the degree of eco-efficiency that it is possible to 
reach.  

The necessary increase in eco-efficiency in order to achieve sustainability is the main 
idea behind the concept of Factor X reduction in the utilization of resources [9]. This must 
be expressed as a quantitative target as, for example, a reduction in the usage of resources, 
energy consumption or wastes necessary to make a product or provide a service. The 
range of reduction estimated goes from four times, in the short period, to fifty times in the 
long period to be achieved with technological improvement [9]. Nevertheless, as pointed 
out by Figge and Hahn [10], some environmental aspects are essentially qualitative and 
are difficult to quantify, as for instance, the loss of biodiversity. Eco-efficiency is only 
partially related to sustainability. The relative gain achieved by an increase in eco-
efficiency does not always lead to an advantage in absolute terms, due to the so called 
Rebound effect. It is possible, in fact, that more efficiency in the utilization of resources 
may induce a reduction of the prices of goods; this may induce an increase in the overall 
selling and, by this way, of pollution. The result is a rise in the absolute level of ecological 
footprint [11], [12]. The paradoxical outcome is that an increase in eco-efficiency causes 
an increase in the total environmental depletion due to the augment of production and 
consumption. The Rebound effect is an important issue to be considered and it is not 
simple to evaluate.  Direct, indirect and correlated effects must be considered [13]. Let us 
take the case of luxury, normal and inferior goods. The consumption level of these goods 
is not determined by price only but also by the price elasticity of the demand of the goods. 
This, in turn, influences the intensity of positive or negative Rebound effects. 

The cradle-to-cradle idea tries to bypass this drawback. It considers sustainability as 
the initial step to start; as opposed to the cradle-to-grave approach, which takes it as the 
final goal. Shifting from a cradle-to-grave approach to a cradle-to-cradle approach 
changes the relative weight of the social, economic and environmental aspects [2]. 

Eco-effectiveness and the cradle-to-cradle approach, aim to create a circular 
production system where materials maintain their status of resources. The objective of a 
cradle-to-cradle system is not the minimization of the depletion of resources but the 
creation of a closed cycle in their usage, keeping the quality high. In analogy with the 
natural system the output of one process becomes the input of another one, the waste of a 
process becomes the food for another one [2]. 

It is interesting to consider the different roles played by innovation in eco-efficiency 
and eco-effectiveness. In the first case, the aim is to increase the output, given the quantity 
of input, or to obtain the same output with less use of input. In the other case, the idea is to 
create a radical change. Another question to analyse is the conflict or the concordance of 
the two schemes regarding eco-efficiency and eco-effectiveness. At firm level, the two 
tools would find a precise and concrete role to pursuit as fast as possible the final aim of 
full sustainability. It is worth noticing that eco-efficiency seems more oriented to the 
production side rather than to the consumption. This could lead to more resources 
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depletion, more CO2 emissions, more pollution and production of wastes [14]. It is 
possible to assess the importance of consumers’ behaviour considering the low zero 
carbon (LZC) products and service in the UK. The adoption of such device does not 
guarantee the carbon emissions reduction because people increase consumption or do not 
use the equipment in the right way [15]. These aspects make one to ponder how to best 
use scarce resources. Investing in one aspect may, in fact, subtract important resources 
from another field that is more sustainable [16, p. 244].  

From this derives the importance of considering first the quality and then the quantity. 
When the harmful substances are eliminated, it is the right time for considering eco-
efficiency. Therefore, it is important to create a cradle-to-cradle system instead of a 
cradle-to-grave one and then pay attention to have “more with less” [14]. On the other 
hand, it must be taken into account that eco-effectiveness has generally the necessity of 
longer period to be realized. It is a wide qualitative concept, which regards the whole 
system in a holistic way. Eco-efficiency, instead, is quantitative and tends to have a 
narrower point of view, such as a single production activity [14]. 

Another important parameter to ponder is the evolution of the market. The effects of 
the same interventions may be significantly different in the case of an emerging economy, 
with a strong rise in consumption, with respect to a mature economy, with less dynamic or 
even decreasing consumptions [17].  The studies conducted to prove the existence of the 
Environmental Kuznets Curve (EKC) are an example, at macro-economic level, to 
determine whether it is possible to conjugate growth with environment.  

The importance of considering not only the business but also the “natural” and 
“societal” case depends on the degree of substitutability, linearity and irreversibility 
among these aspects [1, p. 135]. The concept of eco-effectiveness is strictly linked to the 
idea of sustainability. Instead, the idea of eco-efficiency is not strongly associated to 
sustainability, or not in a clear and unequivocal way. Quoting the United Nations 
Environmental Program (UNEP 2002), Christian G. Daughton points out the gap between 
few companies that have done significant effort to reduce “environmental footprints” and 
the large majority of companies that continue “doing business as usual” [18 p. 764]. 

It is important to assess, at firm level, the link between environmental and economic 
performance [19], [20], [21], [22], [23], [24], [25]. Even if the causality direction of this 
relationship is not unequivocally clear, its existence is enough to justify the interest 
towards eco-effectiveness. In this contest, it is of great importance the role of 
shareholders, stakeholders [26] and management [27], [8]. Firms naturally have an 
essential role to achieve the full passage to an eco-effective system of business [28]. 

Firms that introduce new process and new technology before their competitors can 
gain a competitive advantage. The same thing can be said for the increase of resource 
productivity, product change or process innovation. If companies wait for law 
enforcement to introduce innovations, they might lose the competitive advantages that 
usually early movers have [29]. 

Considering the two situations of perfect eco-efficiency and eco-effectiveness, in the 
middle of them may be found an infinite range of situations that mix some key factors 
typical of a cradle-to-grave system with other ones of a cradle-to-cradle one. For example, 
it is possible to contemplate a functional economy that has the objective to create the 
highest possible value of goods and services with the lowest consumption of material and 
energy resources [30]. The starting point of this kind of economy is to reach a high level 
of eco-efficiency but it encompasses important aspects that are useful to arrive to the 
cradle-to-cradle approach. In a cradle-to-cradle strategy, in fact, the products and goods 
are owned by the manufacturers; the consumers use the services [2], [30]. 
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In the following paragraphs it will be examined an empirical database of corporations 
worldwide distributed to identify different scenarios that one could face in the analysis of 
the relationship between eco-efficiency and sustainability. 

2.  Data 

The database used is composed of more than 7.000 firms from 87 different countries.  It is 
therefore composed of financial variables, data on emissions and some other management 
related data. Due to several missing values, the final sample used for the following 
analysis is composed of about 430 different corporations in time span that goes from 2006 
to 2010 corresponding to a table with 7 columns and with 1603 rows. The data were 
kindly provided by Corporate Knight. 

Although the number of firms may seem elevate, the sample may not be fully 
representative of the phenomenon. The first and most important problem is self-selection. 
The emission data, for example, are available only for the firms that have an adequate 
information system that monitors the emission and are interested in a process of reduction 
of the emission or work in an environment in which there is high attention on this subject. 
Moreover, the presence of many missing values for some variables further reduces the 
size of the sample. Thus, the main challenge is to choose an optimal set of variables that is 
able to capture the main features of the phenomenon without reducing too much the size 
of the sample. The main problems are given by the data on emissions and the management 
related data. Some of these variables, in fact, are not even surveyed in many firms or are 
not published. 

The set of variables, that best capture the link between eco-efficiency and eco-
effectiveness and maintain an adequate sample size, are: Net Income - Net Assets - 
Number of employees - Energy use - GHG emissions (Scope 1 + Scope 2, CO2e) - Waste 
produced - R&D Expenses. 

3.  Results 

The authors studied the link between eco-effectiveness and eco-efficiency using a factor 
analysis approach. The logarithm of the variables were considered instead of their actual 
value. We therefore implicitly assume the existence of some unobserved factors that can 
explain the different polluting behavior firms. The factors are obtained by a varimax 
rotation of the reference axes. We pointed out three main factors (see Table 1) that explain 
about 87% of the variability.  

The three factors can be associated to three different production approaches. These are 
not, of course, exact indicators of the real production approaches but are statistical 
indicators that synthetically represent the phenomena using quantitative variables that 
seem to be correlated to them. The following three approaches can be considered as ideal 
approaches whose characteristics can be derived from their correlation with the observed 
variables. It is interesting to analyze the importance of each factor by economic field and 
geographical area.   
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Table 1: Factor Analysis Results 
        
    
 Factor 1 Factor 2 Factor 3 
Net Income (millions USD) 0.28 0.36 -0.04 
Net Assets (millions USD) 0.23 0.25 0.01 
Number of employees 0.19 0.32 -0.09 
Energy use (000's MWH) 0.48 -0.12 0.48 
GHG emissions (000's Scope 1 + Scope 2, CO2e) 0.50 -0.12 0.46 
Waste produced (000's metric tonnes) 0.56 -0.42 -0.71 
R&D Expenses (millions USD) 0.19 0.71 -0.20 
        

 
The first one can be called the “more production more pollution approach”. This factor 
has in fact higher coefficients for Net income, Net Assets, Number of employee, Energy 
use, GHG emission and Waste produced, all with the same sign (see Table 1). This can be 
interpreted as a production approach that, in order to make higher profits, needs to 
produce high quantity of wastes and of GHG emissions, and consume higher quantities of 
energy. The fact that this factor can explain close to 57% of the variability is a relevant 
index of how much is still to be done in our production system in the direction of eco-
effectiveness. 

The second one, instead, can be called the “more profits less pollution approach”. The 
second factor, in fact, has higher coefficients in absolute value on Net income, Net Asset, 
Number of employees and R&D expenses. It is worth notice that the coefficients of 
Energy use, GHG emission and Waste production have opposite sign with respect to the 
coefficient of Net income Net Assets, Number of employees and R&D expenses (see 
Table 1). This can be interpreted as a production approach based on more R&D expenses 
and more investment on capital. Profits are made reducing waste production, energy 
consumption and GHG emission. For these firms, human capital, eco-efficiency and eco-
effectiveness are the main instruments to make profits. 

Finally, the third approach can be called the “less waste more emission approach”. 
These firms seem to use a production technology that reduces waste production for high 
Energy Consumption and more GHG emissions. This may be due to higher costs 
associated to waste disposal with respect to GHG emissions. In this context, it is useful to 
note that also the R&D expenses are negatively correlated with factor 3 (see Table 1), 
revealing the lack of a systematic view towards the sustainability approach. In this 
approach the gain in one direction is obtained at the detriment of others with an evident 
trade off. 

These results have relevance in the analysis of the effect of production on the 
environment. They suggest, in fact, that in order to analyze correctly the environmental 
footprint at firm level it is necessary to distinguish between the different production 
approaches. An analysis of the link between pollution and productive factors that does not 
take into account of these differences may fail in capturing relevant aspects and arrive to 
misleading conclusions. 

The presence of three different approaches can give a better insight of the different 
solutions that can come using the eco-effectiveness point of view instead of the eco-
efficiency one. The eco-efficiency point of view would, in fact suggests, to reduce the 
level of emissions, given the same amount of production, or to increase production, given 
the level of emissions. The eco-effectiveness point of view would instead try to move 
toward production approaches that import eco-compatible technologies. This is a radical 



342                                                    Marco Menoni and Hermes Morgavi 
 

change to be made. It is not a more efficient way to produce; it is a different direction to 
economy. 

A firms that is adopting the first or the third production approaches has two ways to 
reduce its impact on environment. The first is to improve its efficiency and thus pollute 
less, giving the same level of production. The second way is to change its production 
model in to the second one. The first solution corresponds to the eco-efficiency point of 
view while the second solution more to the eco-effectiveness one. 

Table 2: Geographical Distribution of the Factors 
        
    
 Factor 1 Factor 2 Factor 3 
Africa 2.45 -1.87 -1.62 
Asia -0.24 -0.09 0.06 
Australia 3.12 -1.59 -0.51 
Europe 0.77 0.12 -0.14 
North America -0.43 0.55 -0.01 
South America -0.40 -0.99 1.10 
        

 
The analysis of the level of the three factors by geographical area and production field 
helps to identify where more work is to be made to achieve eco-effectiveness. 

Asian firms tend show more dispersion around their average value and it is more likely 
to evidence the presence of outliers. It is worth notice that Asia has the wider range of 
values for all the three factors. This can be due to the fast economic changes observed in 
the last years in this area that created many differences and inequalities. 

North American and European firms instead show much less dispersion around their 
average values of the factors. This can be due to the fact that these are more consolidated 
economies and have stable production systems. In particular, North American production 
system has higher values of Factor 2 and lower values of Factor 1 and 3 (see Table 2).   

It might be interesting to understand whether these differences arise from differences 
in the composition of the production systems or from differences in the technologies used 
to produce the same products. The analysis of the factors among different economic fields, 
in facts, evidences differences in the average values of the factors for each economic 
sector. 

The answer to the previous question would need a capillary work of comparison 
between all the firms producing analogous products in the different geographical areas. 
Unfortunately, the available data do not allow us to make this work. We can instead make 
something similar. We can decompose these differences in two components:  

 the first component is given by the differences in the average level of each factor 
due to the different importance of the economic fields in each area; 

 the second component is given by the differences in the average level of each 
factor inside the economic fields in each area. 

Let us consider, in fact, two different areas: 𝐴 and 𝐵. The average level of a generic factor 
𝐹 in each area is given by the average value of the factor in each sector, 𝑠, weighted with 
the importance of each sector in the economy of the geographical area. 

𝐹-𝐴 − 𝐹-𝐵 = � �𝐹-𝐴𝑠
𝑛𝐴𝑠

𝑛𝐴
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𝑆
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where 𝐹-𝑅 is the average value of the factor 𝐹 in the area 𝑅; 𝐹-𝐴𝑠 is the average value of 
the factor 𝐹 in the sector 𝑠 of the area 𝑅; 𝑛𝑅 is the number of firms of the area 𝑅; 𝑛𝑅𝑠  is the 
number of firms in the sector 𝑠 of the area 𝑅. 

The previous formula can also be written in the following way: 
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(2) 

The first term of (2) captures the intensity effect, that is the difference in the average 
levels of the factor due to its different levels in each sector, given the same composition 
by sectors (in this case, the composition of the area 𝐴). The second term instead captures 
the composition effect. That is the difference in the average levels of the factor due to 
different sectorial composition, given the same level of the factor in each sector. 

Notice that this decomposition is not indifferent to the choice of the base area. If one 
considers in fact the area A as the base for the decomposition, the result in (2) is obtained; 
while if one chooses area B as the base for the decomposition, the following result is 
obtained: 
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(5) 

Nevertheless, it is worth analyzing the results of this decomposition. For example, the 
analysis of the two effects evidences that the difference in the average value of the factor 
1 between Europe and America is the combined effect of both positive intensive effect and 
combinational effect. That is, on average, the level of factor 1 on all the economic sectors 
in Europe is higher than in North America; moreover, Europe evidences a production 
combination, which privileges sectors with higher levels of factor 1. The direct conclusion 
of this result is that an effective improvement in European sustainability needs an increase 
of the eco-effectiveness of European firms that, on average, adopt in each sector more the 
first approach. It is also necessary to make structural changes in the production system, 
privileging sectors less correlated with GHG emissions. 
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On the other hand, the difference in the average level of factor 2 between Asia and 
Europe is due to intensity effect rather than to a combination effect. That is, on average, 
the level of factor 2 on all the economic sectors in Europe is higher than in Asia; thought 
Europe evidences a production combination comparatively more focused in sectors with 
lower levels of factor 2 than the Asian’s one. The direct conclusion of this result is that an 
effective improvement in Asian sustainability needs an increase of the eco-effectiveness of 
their firms that, on average, tend to adopt less the second approach. This gap in eco-
effectiveness, with respect to Europe, is only partially compensated by the European 
production system, which, with respect to Asia, privileges sectors that adopt less 
sustainable technologies. 

The results shown cannot be generalized to all the production firms. The sample used, 
in fact, is not statistically representative because of the mentioned problems of self-
selection and of the presence of missing values. Nevertheless, the methodology presented 
has good potential to analyze the eco-effectiveness of the economic systems. It helps in 
fact to take into account of the different production models adopted by the firms and 
choose the most sustainable approach in order to achieve eco-effectiveness. 

4.  Conclusions 

From the analysis conducted, various scenarios emerge with different implication for 
sustainability. Eco-efficiency can easily encounter the logic of business because more 
efficiency means a reduction in the production costs and in the yield per unit of input. The 
eco-effectiveness cannot always respect this assumption because the reduction of the 
overall footprint may correspond to a reduction of activity in the short period. For this 
reason, it is fundamental to identify the appropriate drivers that can lead to eco-
effectiveness. The expenses in R&D expenses can be thought as an indicator of great 
importance to facilitate the passage towards an eco-effective system. In this context, the 
pressure of the stakeholders, both of the government and the corporations, would be 
determinant. 

Quoting Huppes [31], at macro level the concept of decoupling, shows whether eco-
efficiency has raised enough to take into account the economic growth avoiding 
environmental deteriorations. This is relative easy at macro level but not as easy at firm 
level. The results of the previous analysis point out the relevance of each component of 
the system to achieve the aim of sustainability. It is important to choose the right 
production approach and the best sectorial composition that best favour the creation a 
cradle-to-cradle system. This needs a change in the production system as a whole and not 
in each sector separately. 

Eco-effectiveness is the right pathway but it is important to consider if it is possible to 
reach it in the shortest period time. The factor analysis can help distinguish the different 
production approaches with respect to environment footprint. An efficiency approach 
would be to find the efficiency frontier that reduce pollution and privilege the firms that 
adopt the most efficient production function. In the effectiveness point of view instead it is 
possible to distinguish between sustainable and not sustainable approaches and move 
toward the sustainable ones. 
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