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1 THE SUSTAINABILITY AND THE LIMITATION OF THE AVAILABLE MATERIAL 
FLOWS 
1.1 Sustainability: our point of view   
The spreading of the use of the word sustainable in all the fields, from scientific literature to the 
daily speech, as well as its different interpretations, nearly require, in a research as this one, pay 
a minimum attention to establish the point of view adopted to avoid mistakes. Such as J. M 
Naredo (Naredo & Valero Capilla 1999) has explained, the word ‘sustainable’ appeared related 
with the environmental worries as an adjective of the idea of the ‘sustainable development’. In 
fact ‘sustainable’ was not a strange word for economists devoted to development, because they 
have used this adjective to talk about the ‘self-sustained growth’. For this reason it was easily 
acceptable. But this notion have a high degree of uncertainty because it links in a single expres-
sión the worry about the economic development, normally defined in the economics file as 
growth of the production in monetary terms, with the intention to maintain the health of the eco-
systems, without specifying how these would be compatible, which has caused a rhetorical use. 
In fact, the definition in the Brundtland report (Comissió Mundial sobre el Medi Ambient 1987, 
p. 41), became canonical, keeps this ambiguity. However, the original worry for the physical vi-
ability of the human systems has brought some authors to go more deeply into the research of 
the content of the sustainability notion. 

«The greater part of the current lack of definition comes from the insistence of reconciling the 
economic growth (or development) with the idea of sustainability, when each of these aspects 
are referred to different levels of abstraction and reasoning systems». The notions of economic 
growth –and development– are based on the usual idea of economic system and work with the 
corresponding units of the homogeneous monetary aggregates of ‘production’ and their deri-
vated units. However, the worry for the sustainability is based on the singular and heterogene-
ous physical processes (Naredo & Valero Capilla 1999, p. 60).  

The implicit definition of ‘utility’ in the sustainable building 
assessment methods. 

J. Puyo Collet  
Universitat Politècnica de Catalunya, Department of Architectural Technology I (Vallès School of 
Architecture), Sant Cugat del Vallès, Spain 
joan.puyo@upc.edu 

A. Cuchí Burgos 
Universitat Politècnica de Catalunya, Department of Architectural Technology I (Vallès School of 
Architecture), Sant Cugat del Vallès, Spain 
alberto.cuchí@upc.edu 

ABSTRACT: The research is focused on the concept of ‘utility’ regarding the sustainable build-
ing assessment methods. The study presented is part of a wider research that analyses the sus-
tainable building assessment methods regarding the challenge of sustainability. Keeping in mind 
that the condition of sustainability is the material cycles closure, we highlight the place that 
‘utility’ occupies in the measure of the sustainability. We explore how the standards of LCA and 
sustainable building assessment deal with this question. Then we point out the impossibility of 
an objective measurement of utility and the fact that the methodologies adopt a conventional 
definition of this concept. Finally we contribute a formulation that has to allow us, in future 
works, analysing the definition of utility adopted by the different methodologies and the corre-
sponding implicit judgment values. 
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All the organisms, populations and ecosystems of the earth are alive thanks to the continuous 
degradation of the matter and energy involved in the material cycles. But as the earth has finite 
material resources, the maintenance of the life is only viable thanks to the fact that the biosphere 
is an open system which receives a continuous energetic flow from the sun which allows coun-
teracting the degradation. Whereas the idea of the economic system is understood as a closed 
system and suppose that the flow of the investment can counteract the deterioration caused on 
its obtaining, following the model of a continuous movement machine. The conclusions are that 
as the opening of the system and the degradation of the matter, very important questions in the 
description of the biosphere, do not have reflection in the idea of the economic system, it is not 
possible, from this point of view, deal with the sustainability in a coherent way. And, on the 
other hand, that the sustainability can be defined as the condition of the closure of material cy-
cles, which has as a corollary the need of basing all the processes on the solar energy flow. This 
last point of view, designed as a strong sustainability, is the one used here (Naredo & Valero 
Capilla 1999, p. 64). 

Some authors have thought that the economic growth and the sustainability can be compati-
ble through the idea of the decoupling. This idea supposes that even though the monetary aggre-
gates which represent the production of the wealth carry on growing, the material support of this 
production can be reduced thanks to technological changes. Other authors, however, have dem-
onstrated in an empirical way and with recent data the falseness of this hypothesis, showing that 
the absolute decoupling –the absolute reduction of troughput material at a global level– is just 
«a myth» (Jackson 2009, p. 67-86, cap. 5). 

1.2 Material cycles and flows 
Material cycles have been on earth since its origin and shaped life, while life deeply changed 
these cycles. This coevolution is the one that has determined the conditions of the environment 
which we all depend on. The deep and fast modification of the material cycles established like 
this supposes, from the point of view of the life and specifically the human life, the degradation 
of the environment. In fact, as R. Margalef points out (Margalef 1982, p. 325;Margalef 1992, p. 
88) any pollution problem can be described as an illness of the transport of the ecosystems and 
the first step for the solution is recognize the disturbed cycle.  

From a global perspective, the movement of materials in the biosphere appears as a cycle, in 
other words, it is like a journey of some materials tracing wide or short ways through the hydro-
sphere, the lithosphere, the atmosphere, or through their limits, and in a determined speed. From 
the point of view of a particular system, however, it is more useful to pay attention how this 
movement of materials crosses the borders of the delimited system and then represent it as a 
flow. Thus, when the sustainability of a system is considered, we can simply take into account if 
the inflows and outflows are compatible with the corresponding natural cycles. In this way we 
are taking into account the compatibility with the rest of the ecosystem.  

All the living being are situated in any point of the material cycles in order to obtain a flow of 
utile resources for its life, either to use on its living structure or on external structures, which al-
low a higher control of the material cycles. If the human being is different from the rest of the 
living beings is because of the big proportion of the resources which uses for the external struc-
tures in comparison with its living structure (Margalef 1982, p. 307;Margalef 1991, p. 250). The 
increase of these structures has supposed an immoderate interference in the material cycles and 
the fast transformation of the environment, putting in danger the bases of its own existence. The 
evidences of different processes of environmental damages, exposed by the scientific commu-
nity, are not more than concretions of the perturbation of each of the material cycles. It explains, 
therefore, the need of the establishment of limits of the flows involved in all the human proc-
esses, in each of the relevant areas from the point of view of each material cycle. Without going 
into detail about the discussion of the establishment of these particular limits, it is necessary to 
signal that it is from the best scientific knowledge of the moment that it is necessary to establish 
them. In the same way, as it has been done in concrete cases, it is necessary to consider the evo-
lution of the limitations of the flows in the time, establishing target reduction scenarios 
(Zimmermann et al. 2005). In conclusion, the condition of sustainability supposes the control of 
the material flows of the human technical processes. 
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2 THE SUSTAINABILITY IN THE PARTICULAR PROCESSES 
2.1 Consequences of the sustainability for the particular processes 
It has been usual to talk about the sustainability as an attribute of an object, whether it is a sheet 
of paper, a building or a city. The indiscriminate use of the adjective ‘sustainable’, mentioned 
above (sect. 1.1), supposes that the word is used to highlight a pretended or real paid attention in 
environmental questions, in a particular process, in comparison to the usual practise. But this 
use is too generic and a little bit useful to deal with the environmental problems. In order to es-
tablish a more restrictive and operative use of the word ‘sustainable’ applied to any particular 
process –the particular sustainability– is necessary to establish the relation with the definition of 
general sustainability. General sustainability can be defined as the limitation of the total flows 
of a substance in the relevant area; and the ‘relevant area’ as the biospheric area involved in the 
material cycle in question, for example the local, regional, global field or the hydrographic ba-
sin,.... Thus, for example, the relevant area for the liquid polluting substances can be water 
down of a hydrographic basin and for GEH substances the global field. The definition of par-
ticular sustainability has to be coherent with the condition of general sustainability.  
   The condition of general sustainability, as we have said, is the closure of the material cycles, 
which can be expressed for each resource and emission as a total limit flow. 

 (1) 
Where F = total flow; and Flim = total limit flow. 
The total flow is the sum of the corresponding flows to the particular processes in the relevant 
area. 

∑  (2) 
Where fi = particular flow ith. 
The other side of a particular process, and that justifies it, is the satisfaction of needs through 

the utility. And utility is always provided by a physical support that we can call satisfier (Max-
Neef et al. 1994) and that constitutes the material flows so-called from the point of view of eco-
nomics as goods, either economic or free. For the moment we will not talk about the question of 
the definition of necessity and utility, just say that the utility cancels the need, and with the or-
dinary idea it will be enough. What interests us, in the first place, is that a particular process 
generates a satisfier able to contribute utility, so the utility is a dependent magnitude of the satis-
fier: u(s). In this expression s has to be understood as a qualitative variable: a unit of a concrete 
type of satisfier and u as a utility that we will suppose that is a measurable magnitude. On the 
other hand, a particular process generates a flow of the studied matter in such a way that an in-
tensity of flow in respect of the utility can be defined, and it can be called ecological cost –
inverse magnitude of the ecological efficiency. 

 ;        (3) 
Where ci = ecological cost; and u(si) = utility of a unit of the satisfier ith. 
Substituting the expression of the particular flow (3) in the expression of the total flow (2) we 

have: 
∑  (4) 

that indicates that the total flow of a material, produced with the objective of contributing 
utility, depends on the chosen satisfier and on the ecological cost tied to this satisfier. If now we 
substitute (4) to the condition of general sustainability (1), we obtain 

∑ í  (5) 

that shows that the condition of general sustainability limits the quantity of utility and/or the 
type (i) and quantity (n) of the satisfiers. 
 The limitation of resources is imperative since the point of view of the sustainability (Jackson 
2009), above and beyond the difficulties that we might have to determine it exactly, and there-
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fore the right-hand member can be considered theoretically fixed. Therefore, if we want to deal 
with the question of the satisfaction of the human need, we have to pay attention to the factors 
of the left-hand member. A usual way and very necessary to address the subject is to modify the 
satisfiers in such a manner that a satisfier provides the same utility with less ecological cost: it is 
the way of the efficiency through the technological evolution. Another way to address the effi-
ciency is to pay attention to the relation between the satisfiers and the contribution of utilities, 
ensuring that we make the most of all the potential contribution of utilities of a satisfier: it is the 
way of the efficiency in the use of the resources –that is the grandmother's wisdom: ‘turn off the 
light when you go out of the room’. This last treatment is related to the technology but overlaps 
the questions of behaviour and cultural factors. There is also the possibility to limit the con-
sumption (n). But above and beyond the dimension of the satisfier, as showed in the left-hand 
member, there is the dimension of the utility –and its opposite: the need– and we have to re-
member that it has been left without defining and often remain defined implicitly and that is the 
factor that we deal with in this research. 

2.2 Indicators 
The structure of the methods of assessment and rating of the building is composed by a group of 
indicators. It is important to deal with this concept of indicator and some aspects of the classifi-
cation of these. The review of the literature gives us some definitions of ‘indicator’ (Bossel et 
al. 1999;Castro Bonaño & Salvo Tierra 2001;OECD.Group on Environmental Performance 
1993) mentioned in (Monterotti 2013, p. 73) (Agència Europea del Medi Ambient 
1998;Malmqvist & Glaumann 2006). All the definitions incorporate the following aspects: it is 
a value that describes a more complex reality than its same magnitude and therefore synthesize 
the information. To highlight some aspects of the content of the term ‘indicator’, we are inter-
ested in telling the following definition, which is both descriptive, in the sense that takes into 
account the characteristics of what usually is understood as indicator, and normative, in the 
sense that the use that we do of the concept will be adjusted to this definition. An indicator is a –
quantitative or qualitative– variable that is used for having a sufficient degree of correlation 
with one or different variables that determine the state of a system, which is the object of our in-
terest. The fact that an indicator or a group are used instead of the group of variables that define 
the system is related to fundamental questions, as epistemological questions connected with the 
reality that we study, or with practical questions, as availability of data. In any event, a variable 
is never itself an indicator but it is used as an indicator when it is considered useful to do so. 
   The indicators that are part of the methods of sustainable building rating systems that interest 
us refer to the input and output flows of the system that is a building, with the limits that the 
methodology has marked for this system. If one describes the different causal steps that go since 
a particular process to the effects on the environment, a cause-effect chain can be described 
(Eriksson et al. 2005). The indicators, then, can be classified, as the place that occupy in this 
chain, with different names as state indicators, pressure indicators, response indicators,... (Bell 
& Morse 2012, p. 28) One can also form models of indicators choosing different points of the 
chain and defining in each an indicator. It is the case of the DPSIR model, Driving force (D), 
emissions to Pressure (P), midpoint changes to State (S) and end-point problems to Impact (I) of 
the European Agency of the Environment (Malmqvist & Glaumann 2006, p. 324). In any case, 
what interests us is that the indicator defined always has a causal connection, more or less close, 
to a flow generated by the process. 
   The other characteristic of the indicators used by the sustainable building rating systems is 
that always have to refer to what justifies the generation of a flow, in other words, the utility. 
This reference to the purpose is what makes possible the comparison between different cases 
and can let establish a measure of the sustainability. This question refers both to the field of the 
building sustainability assessment and to the most general field of the LCA methodology. In 
these two fields an effort of systematisation has been recently done through the formulation of 
standards, and therefore we are interested in studying how they deal with the question. 
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2.3 The ‘functional unit’ and the ‘functional equivalent’ 
The UNE-EN ISO 1040:2006 and UNE-EN 1044:2006 standardise the LCA methodology. As it 
is established there, when a LCA of a product or service –i.e. of any process– is carried out it is 
done relatively to a unit of product designated as a ‘functional unit’. «A functional unit is a 
measure of the performance of the functional outputs of the product system. The primary pur-
pose of a functional unit is to provide a reference to which the inputs and outputs are related. 
This reference is necessary to ensure comparability of LCA results» (AENOR 2006a, p. 20). 
What is identified as a functional unit, therefore, is not necessarily a quantity of individual 
product but the quantity of a function identified that provides. It is necessary to highlight that 
this ‘function’ points out to the variable utility that we have defined above (sect. 2.1) 
 The standardisation of the building sustainability assessment is carried out in the set of stan-
dards UNE-EN 15643:2012. In that case we see that, in spite of the building sustainability 
evaluation supposes an analogous process to the LCA, here the concept of functional unit is not 
used but the ‘functional equivalent’, which is defined like this: «Quantified functional require-
ments and/or technical requirements for a building or an assembled system (part of works) for 
use as a basis for comparison» (AENOR 2011, p. 12). The concepts of functional unit and func-
tional equivalent occupy the same place in each of the corresponding contexts. The relevant dif-
ference is that while in the first case a basic quantity of function or utility is isolated, in the sec-
ond case a complete description of the types and level of corresponding utility to the process 
studied is done. We have to suppose that the different approach that the authors of the two stan-
dards assume, in each of the contexts, answers to supported reasons. We have to suppose that 
the difference is justified by the complexity of the utility that provides a building: the habitabil-
ity. 
    In the LCA in general, when the comparison between two alternatives of product is treated, 
what is known as a ‘comparative assertion’, there is just the problem that one must to refer to 
the same functional unit of reference. In the same way, in the case of the assessment of the 
building, we will not find any problem in comparing two alternative projects of the same build-
ing that fulfil with the established functional equivalent. The problem of the reference to the 
utility appears when one wants to develop a measure of the sustainability of the building for any 
building. And it is necessary to remember at this point that the possibility to develop a measure 
of the sustainability of particular processes depends on the capacity of being applied in a general 
way (see equations (1) and (2)). In this case, the functional equivalent rarely coincides and 
therefore it is unavoidable a reference to the utility that allows not only the comparison between 
buildings –relative measure– but also the reference to the total flows that appears in the condi-
tion of sustainability. 
    When a methodology is formulated for a sustainable building rating system, it is obligated to 
define this reference to the utility. In fact, the indicators used in these methodologies, as we say 
in the section 2.2, always are a particular type: a quotient between an indicator and the unit of 
the defined habitability –operation that usually receives the name of ‘normalisation’ (Cole 1999, 
p. 8). The question that we set out in this research is to systematise the analysis of the definition 
of the unit of habitability used to let us analyse, in the future, the implicit judgment values in the 
chosen definition. 

2.4 The definition of ‘need’ and ‘utility’ 
In the section 2.1 we have not deeply talked about the symmetrical concepts of necessity and 
utility and we just said that the needs were cancelled by the utilities provided by the satisfiers. 
The development of the ideas has placed ‘utility’, and the possibility to measure it, as a central 
concept of the research, and therefore it is necessary to analyse it with more attention. In order 
to consider the question, we can go to the field of economics that has dealt deeply with it. The 
birth of economics was based in the study of the creation of wealth. Wealth was defined as all 
those objects that «are necessary, useful and pleasant to the human being» (Naredo 1987, p. 
117). This link between wealth –as a production– and utility, what satisfies people, is the moral 
justification of the efforts for the increase of the production as well as for the study of the condi-
tions that make this increase possible. This fact is what brought to the study of the utility and the 
reason why big efforts were done in order to define it as a measurable magnitude. However, as 
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J. M. Naredo shows, the idea of the measurability of the utility, either in cardinal or ordinal 
terms, was an illusion (Naredo 1987, esp. cap. 20). 
 In fact the impossibility of a strict definition and the quantification of the utility depend on 
the lack of definition of the concept of necessity. «As other concepts and words coming from 
the evolution of the human thought, the notion of necessity has become part of the common lan-
guage, and even to the social sciences language, without defining its sctrict meaning: their limits 
are not exactly pointed out neither what is considered to extend or cut off them». This impossi-
bility is determined by the fact that the needs are based on the human appetite and these depend 
on their social and ideological context. This is why it is not «possible to specify these limits 
through a fractional analytic effort which finally results in the formulation of a really objective 
theory of human needs» (Naredo 1987, p. 53-54).  
 Keeping references contributed in mind to justify the impossibility to work with a definition 
and an objective quantification of the utility. On the other band, the application of the condition 
of sustainability to the particular processes has brought us to establish the need to measure the 
utility, as the magnitude that justifies the allocation of resources. And in the concrete field of the 
sustainable building rating systems we have also seen the need to establish a unit of reference 
that defines and quantifies the habitability. The solution depend on understand that if we want to 
establish a measure of the sustainability of particular processes, we have to do a conventional 
definition and recognise that this definition will be based on a subjective value judgment. And 
we have to realise that all the sustainable building rating systems give a definition of this type 
and therefore they are based on a value judgment. 

3 FORMULATION OF THE HABITABILITY FOR AN ANALYSIS 

Having settled down the question of the utility of reference, we set out the notation and the 
methodology that will be useful –in future works– to analyse the definitions used by different 
methods or the definitions that are possible to use. This analysis will let us show the judgment 
values that are behind the use of the different definitions of utility used. 
  We have already commented that a need can be satisfied with different satisfiers and we have 
put aside the election of satisfier to focus on the question of utility. Suppose a need, a satisfier 
already selected, the particular process to obtain the satisfier and one of the flows that generates 
this process. We can conceive the satisfier in two parts. The first one is the detailed definition of 
all the physical conditions that the satisfier provides and we can express as a physical model 
(function σ). In the equation (3) we expressed the ecological cost as the quotient between the 
flow and the quantity of utility. But as we have seen in section 2.4 it does not have any sense to 
take the utility as an objectively measurable magnitude. Being realistic, we can substitute the 
expression of the ecological cost for a new one that has as a denominator the conditions of the 
satisfier, i.e. (σ), and we obtain: 

 (6) 
Where cs = ecological cost of the satisfier; f = material flow; and σ = conditions of the satis-

fier. 
The second part that defines the satisfier, therefore, is the defined environmental cost (cs). So 

we have that the flow can be expressed as the product of the two expressions that define the 
satisfier: the cost and the conditions. And at the same time we can develop the σ function, usu-
ally as a product of different factors: 

       …         (7) 
The (f) flow is an indicator that does not comply with the condition that we established for an 

indicator of a sustainable building rating system, which is being relative to a unit of reference of 
the utility (sect. 2.2). This condition is the one that would allow the comparison between differ-
ent buildings (sect. 2.3). It is whereas a total flow of the analysed process, relative to the ‘func-
tional equivalent’. Define a conventional utility of reference means that some factors of the 
conditions of the satisfier (αi) have to be designed as legitimate representatives of the concept of 
utility.  

Portugal SB13 - Contribution of Sustainable Building to Meet EU 20-20-20 Targets

494



.
 …  

   …       (8) 

So the indicator of sustainability is defined as the quotient between the flow and these factors, 
which can be called ‘defined utility’ (u*). On the other hand, the methodology of qualification, 
because of the condition of sustainability, will have to establish a restriction of this indicator, as 
a limit of the flow. In spite of not being the object of this research, we point out that some au-
thors have worked in order to formulate methodologies to relate general limits and particular 
limits of resources (Zimmermann et al. 2005). 

.
 

   …  í   (9) 
Where u* = defined utility; and  flim = assigned flow limit. 
Having this last expression obtained, we can describe the meaning of each part. The indicator 

will be subjected to a restriction (≤ flim). The defined utility (u*) can be understood as what justi-
fies the allocation of resources, in the sense that an increase of (u*) allows an increase of (f) 
without the indicator varies, and therefore receiving the same rate. On the other hand, all the 
factors of the right-hand member, either the environmental cost of the satisfier and the rest of 
the factors of the conditions of the satisfier that have not been considered as a legitimate utility, 
became subjected to the restriction and its increase supposes the proportional increase of the in-
dicator, giving a more unfavourable rate.  

To deal with the analysis of the definition of utility used for a method, therefore, the devel-
opment and the notation contributed can be used, isolating the defined utility and studying the 
factors included in this definition and then, we can study the implicit judgment values in the 
used definition of utility. 

4 CONCLUSIONS 

The condition of sustainability supposes the limitation of the available resources and, on the 
other hand, it involves the concept of utility that can be understood as the purpose that legiti-
mates the allocation of resources. In spite of the centrality of the concept of utility for the sus-
tainability, it is not possible to make an objective and measurable definition. That is why the 
sustainable building rating methods are doomed to use any conventional definition of ‘utility’ of 
the buildings or ‘habitability’ –often in an implicit way. With the aim of analyse the definitions 
of utility that the methodologies use we have developed, in this study, a theoretical framework 
and a formulation showing the factors that are considered as legitimate representatives of the 
utility, and the other ones that are submitted to restriction. The fact that the methods do not ex-
plain this definition is a factor of lack of transparency for the comparison of their results. 

The theoretical framework and the formulation contributed let us, from now, analyse rigor-
ously the definition of habitability used by the methodologies. It also let us uses the comparative 
analysis and reflect on possible alternative definitions. At the same time, this analysis will be 
useful to show the implicit judgment values in the definitions of utility used. 
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