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K9% Nicholas Georgescu-Roegen, The Entropy Law and the Economic Process 
(Cambridge, MA: Harvard University Press, 1971).
L9% Frederick Soddy, Cartesian Economics: The Bearing of Physical Science upon State 
Stewardship (London: Hendersons, 1921).
?M9% Yanis Varoufakis, Technofeudalism: What Killed Capitalism (London: Bodley Head, 
2023; New York: Melville House, 2024).
??9% Nicholas Georgescu-Roegen, The Entropy Law and the Economic Process
?@9% A. Valero, A. Valero, y G. Calvo, Thanatia, Límites materiales de la transición 
energética (Zaragoza: Universidad de Zaragoza, 2021).
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?A9% L. Fernández Galiano, El fuego y la memoria, sobre arquitectura y energía (Madrid: Alianza Forma, 1991). 
?B9% C. Verdaguer, “Paisaje antes de la batalla. Apuntes para un necesario debate sobre el paradigma ecológico en arquitectura y urbanismo,” Revista Urban, núm. 3 (1999).
?C9% Eduardo Prieto, Historia medioambiental de la arquitectura (Madrid: Ediciones Cátedra, 2019).
?D9% Lydia Kallipoliti, Histories of Ecological Design. An Unfi nished Cyclopedia (Barcelona: Actar Publishers, 2024).
?E9% J. Craig, D. Vaughan, y B. Skinner, Recursos de la Tierra y el medio ambiente (Madrid: Pearson Educación, 2012).
?K9% De estos, algo más de 0,7 toneladas correspondieron a metales y 7,1 a materias primas minerales no metálicas. En el caso de nuestro país, hay cierto grado de autosufi ciencia por 
la disponibilidad de materiales como yeso, arcilla o piedra, pero también una fuerte dependencia en la importación de combustibles fósiles y materiales como cobre o madera (Raw Materials 
Information System (RMIS). https://rmis.jrc.ec.europa.eu/).
?L9% Le Corbusier, Précisions sur un état présent de l’architecture et de l’urbanisme (Paris: Vincent Fréal, 1930).
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@M9% Vilfredo Pareto, “Il massimo di utilità dato dalla libera concorrenza,” Giornale 
degli Economisti 9, no. 2 (1894): 48–66..
@?9% Claude Perrault, Les dix livres d’architecture de Vitruve corrigez et traduïts 
nouvellement en François, avec des notes et des fi gures (Paris: Jean Baptiste Coignard, 1673).
@@9% José Luis González Moreno-Navarro, El legado oculto de Vitruvio: saber 
constructivo y teoría arquitectónica (Madrid: Alianza Editorial, 1993).
@A9% Es interesante comprobar la profusión de normas, procedimientos, 
herramientas y sellos relacionados con la cuantifi cación de impactos ambientales en la 
construcción en las dos últimas décadas. A modo de ejemplo, la aplicación de la norma UNE-
EN 15978:2012 que defi ne los métodos de cálculo de la evaluación del comportamiento 
ambiental de un edifi cio, exige el conocimiento de otros 11 documentos similares.
@B9% AENOR. UNE-EN ISO 14040:2006. Gestión ambiental. Análisis del ciclo de vida. 
Principios y marco de referencia. (ISO 14040:2006). 2006.
@C9% AENOR. UNE-EN ISO 14044:2006. Gestión ambiental. Análisis del ciclo de vida. 
Requisitos y directrices. (ISO 14044:2006). 2006.
@D9% AENOR. UNE-EN 15978:2012. Sostenibilidad en la construcción. Evaluación del 
comportamiento ambiental de los edifi cios. Métodos de cálculo. 2012.
@E9% AENOR. UNE-EN 15804:2012+A2:2020/AC:2021. Sostenibilidad en la 
construcción. Declaraciones ambientales de producto. Reglas de categoría de producto básicas para 
productos de construcción. 2012
@K9% AENOR. UNE-EN ISO 14025:2010. Etiquetas y declaraciones ambientales. 
Declaraciones ambientales tipo III. Principios y procedimientos. (ISO 14025:2006). 2006.
@L9% Existen algunas bases de datos sore el impacto ambiental de los materiales 
de construcción impulsadas desde instituciones públicas y/o empresas privadas, aunque la 
mayoría suelen ser accesibles mediante pago.
AM9% La recién aprobada Directiva (UE) 2024/1275 del Parlamento Europeo y del 
Consejo, de 24 de abril de 2024, relativa a la efi ciencia energética de los edifi cios (refundición) 
ya recoge la necesidad de tener en cuenta las condiciones climáticas modifi cadas, al igual que 
la consideración de los impactos asociados no sólo al uso, sino al ciclo de vida completo del 
edifi cio.
A?9% Vida útil que suele asignarse a los edifi cios que se diseñan con un carácter 
permanente. AENOR. ISO 15686-1: 2010 Edifi cios y activos construidos. Planifi cación de vida 
útil. Parte 1: Principios generales. 2010. 
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Proposal by the MRDV architectural studio for Benidorm. Source: 
W. van Rijs, J. Maas, and N. de Vries, eds., MVRDV. Costa Ibérica: 
Upbeat to the Leisure City (Barcelona: Actar, 2005). 4

A@9% A. Valero, A. Valero, y G. Calvo, Thanatia. Límites materiales de la transición 
energética.
AA% Martín Lallana, Jorge Torrubio, y Alicia Valero, Minerales para la transición 
energética y digital en España: demanda, reciclaje y medidas de sufi ciencia (Zaragoza: CIRCE, 
Amigos de la Tierra, 2023).
AB9% En el actual debate sobre el impacto ambiental del ciclo de vida de los edifi cios, 
consideramos de interés recuperar refl exiones sobre la homogeneidad y heterogeneidad en 
la conformación de los elementos y sistemas constructivos en la línea señalada en Paricio 
Anzuategui, I.: La construcción en la arquitectura. Los elementos. Tomo II. Barcelona: Institut de 
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0_U% How can architecture and engineering contribute 
to equitably managing collapse or, better yet, preventing 
it? Without an honest and robust diagnosis, any proposed 
solutions remain nothing more than random attempts. The 
nature of the problem has been previously established.!"
#"$ Thus, we will briefl y outline the key facts, whose 
understanding does not require institutions like the IPCC; 
it suffi  ces for individuals to ask questions and seek answers, 
following in the footsteps of Galileo.%

On a Medium-Sized Planet

We inhabit a planet perfectly positioned with respect to 
its star, shielded by suffi  cient electromagnetic protection 
to foster life. This unique balance allowed life to emerge, 
reshape the atmosphere (far from chemical equilibrium), 
and enable the evolutionary journey through the animal 
kingdom to our species.

Earth does not grow, although this belief was held until 
the 17th century.& Nothing that occupies space can 
grow indefi nitely; this is a fundamental principle of 
geometry. Healthy ecosystems, in contrast, are marked 
by demographic and morphological stability.' Once a 
morphological identity is established, changes occur at a 
slow pace, marginally aff ecting space and time.

Before the current sustained increase in greenhouse gases—
carbon dioxide, methane, and others—Earth maintained 
energetic equilibrium and stable temperatures. Incoming 
solar radiation equalled outgoing radiation into space, a 
thermal balance maintained by non-artifi cial ecosystems. 
This equilibrium has been disrupted: less energy now 
exits than enters, warming the biosphere, a disequilibrium 
caused by our species and with highly uneven contributions 
across countries and regions. Our era is aptly referred to 
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?9% John Ruskin, Unto This Last (Boston: George Allen, 1877).
@9% R. Clausius, Über die Energievorräte der Natur und ihre Verwertung zum Nutzen der 
Menschheit (Bonn: Verlag von Max Cohen & Sohn, 1885).
A9% Frederick Soddy, Cartesian Economics: The Bearing of Physical Science upon State 
Stewardship (London: Hendersons, 1921).
B9% Galileo Galilei, Discorsi e Dimostrazioni Matematiche (Leiden: Elsevierii, 
1638).
C9% José Manuel Naredo, La economía en evolución (Madrid: Siglo Veintiuno, 
1987).
D9% Eugene P. Odum, “The Strategy of Ecosystem Development,” Science 126 
(1969): 262–270.
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as the “Anthropocene”: humanity has become a primary 
geological agent, moving more mass annually than that 
fl owing through all the planet’s rivers combined.( 

Life thrives on useful energy (exergy): solar radiation 
(emitted at 5,000K) is more valuable than terrestrial 
dissipation (at 300K). This exergy surplus benefi ts the 
biosphere, enabling transformation and transport work, 
primarily wind, freshwater precipitation, and plant biomass 
growth.

However, increased exergy in the atmosphere and 
hydrosphere has also led to greater phenomenological 
variety—extreme events such as devastating hurricanes, 
sudden fl oods, and paralysing snowfalls. The current 
population lacks collective memory of such occurrences.

On a fi nite planet, continuous extraction of mineral 
resources without replenishment leads inevitably to 
depletion, shortages, and the collapse of our way of life. 
Conversely, healthy ecosystems operate through near-closed 
cycles of material transformation, regenerating resources 
from waste. In essence, a healthy ecosystem is a network 
where the waste of one species serves as a vital resource for 
another.

To illustrate this, consider methane oxidation—a 
combustion process:

CH
4 + 2O2 = CO2 + 2H2O

Oxygen is the essential reactant, required at a stoichiometric 
ratio of four parts to one part fuel. Combustion cannot 
occur without oxygen. Those who seek to benefi t from 
burning methane take “free” oxygen from the air, which also 
contains an additional thirteen parts of nitrogen (amounting 
to approximately seventeen parts of reactants and/or 
products per one part of fuel). We burn the fuel and emit 
“free” by-products which, unless recycled by photosynthesis 
or other anabolic reactions, become waste and pollution, 
leading to real wealth losses. But since this process is 
perceived to be “free”, no one pays for it. Furthermore, a 
valuable resource, renewable only over millions of years, is 
destroyed. Methane, considered a relatively “clean” fuel, is 
far less harmful compared to gasoline, kerosene, and similar 
alternatives. Using pseudo-magnitudes) like monetary units 
to measure the exchange value of goods makes it impossible 
to achieve Descartes’ aspiration for “the perfection of 
human life”* —namely, our well-being.

For most of its existence, our species lived in unstable 
equilibrium within healthy ecosystems. However, since 
approximately 1850, exponential increases in both mineral 
extraction and human population have disrupted this 
balance. Today, capitalism (extractivist and transport-
based) has given rise to sick, artifi cial ecosystems, heading 
towards collapse, much like many non-artifi cial ones 
in Earth’s biological past. Its young successor, techno-

feudalism (led by major brokers like, inter alia, Google and 
Amazon), relies on vast infrastructures for transporting 
goods or information (the far-from-light “cloud”) and only 
accelerates this trajectory!+, amassing monetary wealth at 
the expense of public servitude.

Focusing actions solely on “climate change” is akin to 
treating an infection by lowering the fever. Climate change 
is merely a symptom of two root causes—demographic 
and economic—and without addressing these, the fever 
will not subside. To support this fl awed approach, a new 
vocabulary—a form of Newspeak—has emerged, fi lled 
with terms that fail even the simplest semantic analysis: 
“decarbonise,” “sustainable growth,” “circular economy,” 
“net zero emissions,” and so forth.

A return to a resource-based economy—measured using 
well-defi ned physical units such as mass, surface area, and 
exergy—together with a sustained reduction in mineral 
extraction and human population, and limitations on 
fossil fuel-based mobility, are the only viable treatments to 
manage collapse.

So, what can we do?

Through our projects and work, we manage the resources 
used in construction, determining how and which ones to 
employ. We also decide how much exergy will be consumed, 
and of what type, from construction to demolition or 
retrofi tting, including maintenance. Whether knowingly or 
not, our decisions have consequences and are subject to the 
immutable laws of Nature.

The poorly named decarbonisation of the economy is 
merely a reduction in fossil fuel consumption and their 
emissions into the atmosphere. The most direct way to 
achieve this would be to incorporate all the environmental 
impacts of our activities into monetary accounting, in 
accordance with the laws of thermodynamics.!! 

If the fi nancial system remains disconnected from the 
material world, the only viable option would be to mitigate 
the eff ects of the extractivist economy by reducing the 
impacts we generate.

In the fi eld of architecture, the best strategy is to harness 
solar radiation directly or in combination with the intrinsic 
properties of materials, as bioclimatic design suggests. 
This is the approach historically embraced by vernacular 
architecture, characterised by constructions adapted to local 

E9% José Manuel Naredo y Antonio Valero, dirs., Desarrollo económico y deterioro 
ecológico (Madrid: Fundación Argentaria / Visor Distribuciones, 1999).
K9% Nicholas Georgescu-Roegen, The Entropy Law and the Economic Process 
(Cambridge, MA: Harvard University Press, 1971).
L9% Frederick Soddy, Cartesian Economics: The Bearing of Physical Science upon State 
Stewardship (London: Hendersons, 1921).
?M9% Yanis Varoufakis, Technofeudalism: What Killed Capitalism (London: Bodley Head, 
2023; New York: Melville House, 2024).
??9% Nicholas Georgescu-Roegen, The Entropy Law and the Economic Process 
(Cambridge, MA: Harvard University Press, 1971)
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climatic conditions and built with materials that require 
minimal transformation.

The conversion of solar radiant energy, or its derivatives 
in the form of wind or hydrogeological energy, into 
electricity requires devices manufactured from minerals 
dispersed throughout the Earth’s crust. This process entails 
signifi cant energy consumption for extraction, separation, 
concentration, transportation, and transformation into 
usable products.

However, these costs and their associated waste are often 
overlooked, enabling discussions of “zero emissions” to 
proceed with complete impunity. A paradigmatic example is 
nuclear energy: the production chain for fi ssion fuel alone, 
from mining to its delivery at the power plant, involves 
considerable resource consumption and waste emissions. As 
for the ever-future fusion reactors, a vast amount of exergy 
would be required merely to off set the cumulative exergy 
and material expenditure since the fi rst “tokamak” in 1950.

The so-called “energy transition,” promoting technologies 
such as electric vehicles or the widespread use of 
photovoltaic panels, continues to exhibit a lack of rigour in 
analysing costs and waste, as has been demonstrated.!# 

The availability of “cheap” energy, priced without 
consideration for its impacts on a shared environment, has 
facilitated the globalisation of not only the economy but 
also, by extension, architecture. Environmental integration 
in architecture has given rise to numerous approaches, 
often labelled with adjectives such as ecological, green, 
or sustainable!$"!%"!&"!'. Early proposals for architecture 
and urbanism in harmony with nature were typically 
marginal, removed from mainstream trends, or limited to 
experimental academic initiatives with little applicability in 
professional practice. While environmental concerns have 
become integral to architectural discourse, they are often 
addressed superfi cially, without critical refl ection on the 
socio-economic processes driving current conditions or on 

how architecture might genuinely contribute to mitigating 
these eff ects.

As a survival strategy, we argue for a shift towards an 
availability-based architecture—a reimagining of well-
established, eff ective traditions aimed at reducing the 
consumption of non-renewable resources.

On the availability of resources

The Earth’s formation approximately 4.5 billion years 
ago set in motion geological processes that shaped its 
crust as we know it today, resulting in the unequal and 
irregular distribution of minerals!( NO5P9,>;Q. The pace of 
resource extraction and transformation, coupled with their 
transport across countries, has historically been facilitated 
by processes of colonisation and access to “cheap” energy 
sources such as hydrocarbons.

In the construction sector, Eurostat data from 2020 shows 
that each European citizen consumed an average of 13.5 
tonnes of raw materials per year.!) The OECD predicts that, 
despite greater effi  ciency in resource use, including actions 
aimed at fostering a “circular economy,” the use of mineral 
raw materials will double by 2060.

OTU,MB9% ?"%K.<&'"%MA/0"#$.%3(.,&#*$>.%a%L$>$+',"%G,"0*"1-+N2%e"*&("%p&*&("%G()&$*+#*&("%a%p(.'*+("%4&(%G()&$*+#*&("2%!&")&$--"/6%A-%c(.6%A#&",.(2%
b[ij2%p&+'*+T%e"*&("%p&*&("%C**0/Tgg'"*&(":&*&("()2#.<g0(.9+#*.g-"S#.<&'"%g%La Comuna (Productive Space + Adaptable Housing). Natura 
Futura Arquitectura + Frontera Sur Arquitectura. Huaquillas, El Oro, Ecuador. 2018. Fuente: Natura Futura https://naturafuturarq.com/
proyecto/la-comuna

?@9% A. Valero, A. Valero, y G. Calvo, Thanatia. Límites materiales de la transición 
energética (Zaragoza: Universidad de Zaragoza, 2021).
?A9% L. Fernández Galiano, El fuego y la memoria, sobre arquitectura y energía (Madrid: 
Alianza Forma, 1991). 
?B9% C. Verdaguer, “Paisaje antes de la batalla. Apuntes para un necesario debate 
sobre el paradigma ecológico en arquitectura y urbanismo,” Revista Urban, núm. 3 (1999).
?C9% Eduardo Prieto, Historia medioambiental de la arquitectura (Madrid: Ediciones 
Cátedra, 2019).
?D9% Lydia Kallipoliti, Histories of Ecological Design. An Unfi nished Cyclopedia 
(Barcelona: Actar Publishers, 2024).
?E9% J. Craig, D. Vaughan, y B. Skinner, Recursos de la Tierra y el medio ambiente 
(Madrid: Pearson Educación, 2012).
?K9% Of these, just over 0.7 tonnes were metals and 7.1 were non-metallic mineral 
raw materials. In the case of our country, there is a degree of self-suffi  ciency due to the 
availability of materials such as gypsum, clay, and stone, but also a strong dependence on 
imports of fossil fuels and materials such as copper or wood (Raw Materials Information 
System (RMIS). https://rmis.jrc.ec.europa.eu/).
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On the Quantifi cation of Environmental Impacts

It would be naive to propose a single method for 
assessing the “sustainability” of a project. Le Corbusier’s 
proposal!*—”for all countries, for all climates: a house with 
exact breathing”—embodies precisely what should not be 
done, yet it remains a widespread practice where fi nancial 
resources permit. The act of inhabiting, and its impact, is 
a multidimensional problem akin to those Pareto#+ studied 
in chrematistics: not only are there multiple equally viable 
solutions to a single problem, but no evaluation method 
exists to rank them defi nitively from best to worst. Choosing 
among these solutions is inherently subjective, underscoring 
the importance of public participation and engagement.

This aligns with the classical notion of téchne, as Vitruvius 
framed it, who, respecting the etymological roots of 
architecture (from the Greek architéctōn, “chief builder”), 
defi ned it as an “art encompassing all knowledge as if within 
a circle.” Centuries later, Perrault coined the term utilitas, 
fi rmitas, venustas and attributed it to the Roman#!, marking 
a shift towards separating these domains into distinct 
categories. This division led to the current fragmented 
approach, where isolated disciplines operate detached from 
one another, relegated to the periphery of architecture##. 
Yet Vitruvius’ integrated perspective persists in classical 
architecture (e.g., Alberti) and vernacular traditions—an 
enduring foundation for what we advance as an availability-
based architecture.

Despite the diffi  culty, numerous procedures and tools 
have been developed with the intent of quantifying 
decision-making concerning environmental eff ects and, 
thus, justifying them to society.#$ It is important to note 
that each of these methods targets diff erent aims, which 
undoubtedly shape the approach and results yielded. Let 
us consider the Life Cycle Assessment (LCA) method. 
Its goal is the collection and evaluation of inputs and 
outputs and potential environmental impacts of a system 
or product, in this case, construction, throughout its life 
cycle, from cradle (resource extraction) to grave, when 
its utility ends.#% The LCA process involves defi ning the 
objective and scope of the analysis, pinpointing the input 
and output fl ows of materials and energy in an inventory 
to quantify the impacts, appraise them, and ultimately 
interpret them.#& The purpose of the evaluation can vary, 
ranging from assisting in decision-making to complying 
with legal requirements, certifi cations, or shaping policy 
recommendations.#' 

The fi rst stage of the LCA focuses on the manufacturing 
processes of materials that allow the assembly of a 
building, classifi ed into various categories.#( Environmental 
impact data associated with these processes is provided 
by manufacturers through Environmental Product 
Declarations (EPD).#) A complete and consensual EPD 
database for our country is still under development.#* 
Integrating this data into the architectural design process 

poses some challenges, as a full and accurate inventory of 
materials is typically only available after the building has 
been constructed. While pre-comparison of materials can 
assist in decision-making, the environmental impact is 
likely to depend heavily on where and how each material is 
transported to the construction site. This approach leaves 
the quantifi cation of such aspects to the designer, who is 
often unaware of the origin of the materials and systems 
specifi ed during the design phase and later installed by the 
contractor.

The LCA also assesses energy consumption during the 
building’s operational phase, relying on simulation values. 
However, the climate data historically considered valid 
for this method has not accounted for ongoing climate 
change—a factor that can signifi cantly infl uence both 
design solutions and energy consumption throughout the 
building’s lifespan.$+ 

The fi nal phase of the LCA aims to identify the impacts 
associated with future dismantling once the building ceases 
to be operational. This analysis, also based on EPDs, carries 
a high level of uncertainty. After all, how can we accurately 
quantify the environmental impacts of techniques that will 
be implemented in 50 or 100 years from now?$! 

Another shortcoming of the LCA is its current lack of 
a fi nal phase termed “cradle-to-cradle,” which would 
aim to quantify the “circular” closure of the industrial 
process—returning waste to its original state (in the 
deposit) or converting it into new resources. We venture 
that developing a methodology for calculating this could 
be the next addition to the already extensive list of LCA 
components. However, as with the existing phases, 

?L9% Le Corbusier, Précisions sur un état présent de l’architecture et de l’urbanisme (Paris: 
Vincent Fréal, 1930).
@M9% Vilfredo Pareto, “Il massimo di utilità dato dalla libera concorrenza,” Giornale 
degli Economisti 9, no. 2 (1894): 48–66..
@?9% Claude Perrault, Les dix livres d’architecture de Vitruve corrigez et traduïts 
nouvellement en François, avec des notes et des fi gures (Paris: Jean Baptiste Coignard, 1673).
@@9% José Luis González Moreno-Navarro, El legado oculto de Vitruvio: saber 
constructivo y teoría arquitectónica (Madrid: Alianza Editorial, 1993).
@A9% It is noteworthy how, over the last two decades, a proliferation of standards, 
procedures, tools, and labels has emerged to quantify environmental impacts in construction. 
For instance, applying the UNE-EN 15978:2012 standard, which outlines calculation 
methods for assessing a building’s environmental performance, requires knowledge of 11 other 
related documents.
@B9% AENOR. UNE-EN ISO 14040:2006. Environmental management. Life cycle 
analysis. Principles and reference framework (ISO 14040:2006). 2006.
@C9% AENOR. UNE-EN ISO 14044:2006. Environmental management. Life cycle 
analysis. Requirements and guidelines (ISO 14044:2006). 2006.
@D9% AENOR. UNE-EN 15978:2012. Sustainability in construction. Assessment of the 
environmental performance of buildings. Calculation methods. 2012.
@E9% AENOR. UNE-EN 15804:2012+A2:2020/AC:2021. Sustainability in 
construction. Environmental product declarations. Basic product category rules for construction 
products. 2012.
@K9% AENOR. UNE-EN ISO 14025:2010. Environmental labels and declarations. Type 
III environmental declarations. Principles and procedures (ISO 14025:2006). 2006.
@L9% There are a few databases on the environmental impact of building materials 
promoted by public institutions and/or private companies, though most are typically accessible 
only through paid access.
AM9% The recently adopted Directive (EU) 2024/1275 of the European Parliament 
and of the Council, dated 24 April 2024, on the energy performance of buildings (recast) 
highlights the need to account for changing climatic conditions and considers impacts not only 
during the building’s use but throughout its entire life cycle.
A?9% Useful life usually assigned to buildings that are designed with a permanent 
character. AENOR. ISO 15686-1: 2010 Buildings and built assets. Useful life planning. Part 1: 
General principles. 2010. 
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quantifying and evaluating these outcomes would pose 
numerous challenges. One major obstacle is LCA’s reliance 
on indicators of resource consumption (renewable and non-
renewable primary energy, water usage) and environmental 
degradation processes, such as global warming, 
eutrophication, or acidifi cation, typically expressed in 
equivalent tonnes of compounds (e.g. CO2, CFC 11, SO2, 
PO4-3, etc.), potentially emitted during the process. These 
measurements do not account for admissible thresholds for 
global or local ecosystems. Such benchmarks would enable 
us to estimate the environmental impact of a project and 
determine, through consensus, whether the benefi ts—such 
as improved habitability, social cohesion, or economic 
gains—justify the loss of ecosystem quality incurred.

The quantifi cation of physical costs would fi rst require 
establishing a unit of measurement aligned with a planetary 
system that functions on a global scale. According to the 
second law of thermodynamics, it is not only the quantity of 
resources that matters but also their quality. For instance, a 
layer of clay in the ground is fundamentally diff erent from 
bricks assembled in a building. The more a material has 
been transformed, the more energy is required to return it 
to its original state.

On the other hand, traditional monetary accounting fails 
to capture the multi-dimensional nature of environmental 
impacts. It only refl ects the exchange cost of resources—
based on extraction, transformation, and transportation—
while neglecting their eff ects on the planetary systems that 
sustain life.

Alternative approaches to measuring resource 
transformation should be explored. While energy measures 
quantity, it does not account for quality—this is where 
the concept of exergy, or useful energy, becomes relevant. 
Exergy quantifi es the maximum amount of useful work a 
system can deliver in a given reference environment. Unlike 

energy, which is conserved, exergy is consumed: we cannot 
burn the same log twice.

The reference environment is defi ned by the gradients 
associated with diff erent forms of energy—height for 
gravitational energy, temperature for thermal energy, and so 
on. Energy alone provides no information about utility. For 
instance, with 1 kJ of energy and ideal machines (capable 
of extracting 1 kJ of exergy), we could act on 1 kg of water 
in drastically diff erent ways: propelling it at 161 km/h (44.7 
m/s); lifting it to a height of 100 m; heating it by 0.24 K; 
or decomposing 37.9 g into hydrogen and oxygen, leaving 
the rest unchanged. The variation in gradients across these 
cases is wide-ranged, but it provides clues on how exergy is 
consumed. At one end of the spectrum, traditional practices 
like building terraced beds on hillside orchards increase 
gravitational exergy slightly, as stones are moved uphill. 
At the other end, mixing materials with very fi ne particles 
destroys substantial chemical exergy—separating sugar 
and salt once mixed is nearly impossible, and recycling 
smartphones often requires consuming more exergy than 
manufacturing them in the fi rst place.

If exergy was used as a unit to measure the environmental 
impacts of architecture and engineering, we would better 
understand the importance of not just the quantity of 
resources but also their quality, concentration, and location.

This approach is constrained by the challenges in 
quantifying exergy in building materials. While previous 
research provides some guidelines$#"$$, much remains to be 
done, presenting opportunities for researchers interested in 
the environmental dimensions of architecture.

OTU,MC9% p"1($#"#$5'%,+%"$/-"<$+'*.%*I(<$#.%"%0"(*$(%,+%-"%0./$,.'$"%0"("%-"%#.'/*(&##$5'%,+%i`%>$>$+',"/%/.#$"-+/%+'%4"'*%p+(("'2%p.(<+'*+("2%b[ir2%
p&+'*+T%3(.9+#*.%G%K'+@'=1$0%.3+L10%/1.%)%C**0Tgg(+&/$'70./$,.'$"2#.<g0./$,.'$"%g%Manufacturing of thermal insulation from Posidonia for the 
construction of 14 social housing units in Sant Ferran. Formentera. 2017. Fuente: Proyecto Life Rehousing Posidonia http://reusingposidonia.com/
posidonia

A@9% A. Valero, A. Valero, y G. Calvo, Thanatia. Límites materiales de la transición 
energética.
AA% Martín Lallana, Jorge Torrubio, y Alicia Valero, Minerales para la transición 
energética y digital en España: demanda, reciclaje y medidas de sufi ciencia (Zaragoza: CIRCE, 
Amigos de la Tierra, 2023).
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This is not to suggest that the development and application 
of current methods for assessing environmental impact 
are unimportant, but rather to highlight the urgency of 
transforming our actions immediately. Progress can begin 
now, without relying on complex evaluation processes that 
risk diverting our focus from addressing the problem in its 
full breadth.

Pre-collapse proposals

Given the current limitations of quantitative methods 
like LCA, the uncertainties and inaccuracies in exergy 
accounting for industrial processes, and the root causes 
of present issues, we propose strategies that we believe are 
both appropriate and eff ective, by tackling these causes 
directly without relying on complex analyses or calculations. 

Undoubtedly, the most suitable approach would be to avoid 
extracting additional mineral resources, instead prioritising 
materials already transformed within the built heritage, 
other products, and waste generated in prior transformation 
processes. When extraction is unavoidable, nearby resources 
and low-transformation techniques should be preferred.$%

We propose an availability-based architecture as a 
feasible and attainable approach to provide habitability 
with minimal resource consumption at all stages of the 
construction process, emphasising two key strategies:

1. Reducing land transformation and using resources readily 
available in the local territory. 

2. Employing low-impact construction techniques and 
systems, prioritising the refurbishment of existing heritage 
over the creation of new buildings. 

Proper Land Management

Land is the primary and indispensable resource for 
human life, yet it is also fi nite. The total human biomass is 
relatively small: at the start of this century, the entire human 
population could have fi t, if piled up, into the El Atazar 
reservoir near Madrid.$& Even so, its impact is enormous, 
to the extent that very few, if any, non-artifi cial ecosystems 
remain. This is bringing about the sixth extinction event, 
with species disappearing at rates far exceeding those of the 
previous fi ve, primarily due to the scarcity of territory free 
from pollution and human occupation.

Urban land occupies only a small percentage of the Earth’s 
surface. However, when factoring in the areas needed to 
supply resources to urban centres, this footprint approaches 
near totality. Each expansion of urbanised areas demands a 
corresponding increase in the land required to sustain them, 
steadily depleting the planet’s available land. The notion of 
a small urban footprint is, therefore, an illusion. Worse still, 
urban populations are not evenly distributed or balanced 
across territories but are increasingly concentrated in fewer 

and ever-larger conurbations.

Galileo$' dismantled the belief in the existence of human-
shaped giants with a compelling argument, later known as 
the “square-cube law.” If a being were ten times taller than 
a human while maintaining the same form, it would weigh 
a thousand times more, yet the strength of its bones would 
only be a hundred times greater: if it managed to stand 
upright, it could barely move. This purely geometric law has 
illuminated many physical systems whose viability requires a 
fl ow (stress in mechanics, traffi  c in transport) proportional 
to a volume (weight in mechanics, population in transport). 
When such a system seeks to grow, it must change its form 
so that the space allocated to fl ow can grow proportionally 
to the volume. Volume can be seen as demand and fl ow as 
the provision that meets it. This law has been proven across 
many disciplines: given the strength of a material, there 
is an insurmountable height beyond which it cannot even 
support its own weight—buildings, dinosaurs, and trees are 
subject to it.$( Cities are no exception.

Since it is generally accepted that cities must grow, the 
verifi cation of Galileo’s law regarding urban land has 
drawn little attention from traditional urban research. 
This lack of interest has led to unconventional proposals, 
though supported by images of success, such as an absurdly 
dense Benidorm imagined by MRVD NO5P9,>=Q, a scheme 
that disregards the most basic geometric laws of traffi  c 
and fails to demonstrate its physical viability. However, 
empirical studies have consistently shown that the law is 
relentless; Buchanan’s classic study$) is a notable example. 
In summary, as a conurbation grows, an increasing fraction 
of land must be allocated to transportation, causing 
land consumption per inhabitant (the inverse of urban 
density) to grow inexorably. For instance, the Madrid 
conurbation expanded from 95 m² per capita in 1957 to 
448 m² in 1999, with an average annual growth rate (akin 
to an annual percentage rate) of 3.74% in per capita land 
consumption.$*"%+ Nonetheless, considering marginal 
consumption—new land required for each new inhabitant—
this fi gure approached 2,700 m² per capita by the end of the 
century, before the real estate bubble burst. Certainly, this 
disproportionate land consumption had little to do with the 
right to housing; it was pure urban speculation, essential 

AB9% In the ongoing debate on the environmental impact of a building’s life cycle, we 
fi nd it valuable to revisit refl ections on the homogeneity and heterogeneity in the formation of 
construction elements and systems, as highlighted in Paricio Anzuategui, I.: La construcción en 
la arquitectura. Los elementos. Tomo II. Barcelona: Institut de Tecnologia de la Construcció de 
Catalunya ITEC. (3rd ed.). 1996.
AC9% M. Vázquez Espí, “La ciudad acaparadora II,” en De Sur a Norte. Ciudades y 
medio ambiente en América Latina, España y Portugal, eds. Marta Román y Begoña Pernas 
(Madrid: Caja Madrid, Obra Social, 2002).
AD9% Galileo Galilei, Discorsi e Dimostrazioni Matematiche.
AE9% D’Arcy Thompson, Sobre el crecimiento y la forma (Madrid: H. Blume Ediciones, 
1981; primera edición: On Growth and Form, Edimburgo, 1917).
AK9% C. D. Buchanan, Traffi  c in Towns (Report of the Department of Transport, UK, 
1963; reprint, 1964).
AL9% J. M. Naredo y J. Frías, “El metabolismo económico de la conurbación 
madrileña,” Revista Economía Industrial 351 (2003).
BM9% José Manuel Naredo, “Anatomía y fi siología de la conurbación madrileña: 
gigantismo e inefi ciencia crecientes,” Biblioteca Ciudades para un Futuro más Sostenible 
(CF+S), Boletín nº 29/30: Notas para entender el mercado inmobiliario (2002), disponible en 
https://polired.upm.es/index.php/boletincfs/article/view/2170/2248.
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for economic growth. However, even if the supply of new 
cities matched population growth, Galileo’s law would still 
prevail.

The excessive consumption of resources by a growing 
conurbation extends beyond land. As distances increase 
and the frequency of supply must remain constant, 
transportation speeds must also rise. A glance at the classic 
formula for kinetic energy reveals that, at a minimum, 
exergy consumption associated with speed increases 
geometrically. What was once accomplished on foot in our 
childhood is now done by car, and so on. The dream of a 
railway network manager is to increase train frequency to 
raise traffi  c fl ow (throughput), even if the trains themselves 
maintain the same speed.

A large conurbation cannot be compact because the layout 
of transport infrastructure requires not only more land but 
also alignment with both the population’s distribution and 
its use of the territory. Certain urban planning models in 
the United States even theorised this approach, leading to 
the explicit design of urban sprawl—a phenomenon that 
would have arisen naturally, as demonstrated by Spanish 
conurbations NO5P9,><Q. From the compact form of the 
Neolithic village, we have evolved into the tentacular 
structure of modern conurbations, where the perimeter 
connecting to the surrounding area grows proportionally 
with the urbanised land.

An obvious recommendation for urban planning practices 
based on available resources is to halt the growth of 
conurbations and repurpose idle urban land in medium 
and small cities to accommodate demographic growth, over 
which we have no control. The fi rst objection, naturally, 
will be that such an approach infringes upon basic human 
rights. That may be true. Nonetheless, as Odum%! pointed 
out, healthy ecosystems function, among other things, 
thanks to “mutual coercion” both between and within 
species. “Mutual coercion” is also ever-present in our daily 
activities: without traffi  c regulations, navigating the streets 
of our cities would simply be impossible.

Private land ownership is, in fact, a fairly modern construct. 
Ecology, however, demonstrates that species belong to 
territories and ecosystems, not the other way around. 
When a single species claims ownership of a territory and 
exploits it at will, it destroys the pre-existing ecosystem—its 
diversity, adaptability, and more.%# This point is exemplifi ed 
by the case of Soria: through the communal ownership of 
its forests, the region has achieved an exceptional record, 
ranking among the provinces with the fewest recent forest 
fi res. Populations that depend on forest management for 
their livelihoods are often the most committed to their 
conservation. As one forest ranger put it—perhaps with 
some exaggeration—’Here, we hang arsonists from a tree,’ 
underscoring the importance of collective management of 
common property. Odum subtly touched on this issue when 

he proposed: ‘One person, one vote, is fi ne; but we also 
need one person, one hectare.

Both classical and vernacular architecture traditionally 
respected the natural vocation of land: the most fertile areas 
were reserved for agriculture, while urban development 
climbed the nearest rocky slopes if no better alternatives 
were available.%$ Contemporary urban planning has 
disregarded said aptitude entirely. Former fertile fi elds of 
countless Spanish conurbations have been paved over by 
urban sprawl.%% Transport infrastructure has fragmented 
the territory, transforming a mosaic of human settlements 
within a non-artifi cial landscape into a patchwork of 
artifi cial remnants embedded in an urbanised tapestry.

Respecting the natural aptitude of each portion of land 
primarily involves recognising the unique exergy inherent in 
each surface. This stands in stark contrast to the practices 
promoted during the 19th-century disentailment process, 
which upheld “the absolute right of landowners to exploit 
their land”. Instead, the fertility of each soil should be 
preserved and, whenever possible, enhanced.

Regeneration versus New Construction, Recovery 
versus Transformation

The sustained demographic growth since 1850 is a severe 
symptom of our ailing artifi cial ecosystems that remains 
beyond our control. If new heritage is to be built, the focus 
should be on using locally available resources as much as 
possible, maximising manual labour and minimising the 
transformation and transportation of materials. A striking 
statistic is the total area approved by the Spanish Architects’ 
Association%&, which in the fi rst half of 2023 amounted 
to 16,776,072 m². The environmental impact of these 
buildings—whether newly constructed or refurbished in 
the coming months and years—will largely depend on the 
materials and construction methods chosen, as well as their 
adaptation to local climatic and environmental conditions.%'

In contrast, compared to creating new heritage, utilising 
already transformed resources is less exergy-intensive. From 
this perspective, appropriate actions include repurposing 
underutilised assets, refurbishing heritage that wastes exergy 
or creates unhealthy conditions, and dismantling what 
cannot be regenerated—recovering and sorting materials for 
reuse (second-hand materials). Additionally, employing low-

B?9% Eugene P. Odum, “The Strategy of Ecosystem Development,” Science 126 
(1969): 262-270.
B@9% Ibid.
BA9% Mariano Vázquez Espí, “Los límites de la técnica,” Ciudad y Territorio. Estudios 
Territoriales 29, no. 111 (1997): 65.
BB9% The recent catastrophe in Valencia tragically underscores the destructive nature 
of this model, which disregards the natural suitability of soils where even the Romans knew 
construction should not take place due to the risk of fl ooding.
BC9% Visa statistics. Higher Council of the Spanish Architects’ Associations. https://
www.cscae.com/index.php/servicios58/estadistica.
BD9% G. Gómez Muñoz, Método de análisis diacrónico para la intervención en 
el alojamiento con criterios ecológicos. El caso de Madrid 1940–2100 (tesis doctoral, 
Universidad Politécnica de Madrid, 2014), disponible en https://oa.upm.es/30897.
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environmental-impact techniques and construction systems 
in architectural design can be approached from at least two 
perspectives.

The fi rst one focuses on materiality within a context of 
scarcity. This approach is exemplifi ed by numerous cases 
in the so-called Global South%("%)"%*, where local natural 
resources are combined with ancestral knowledge for 
construction NO5P9,>WQ. While such solutions have been 
minimally replicable in our context, we could renew 
traditional construction solutions, adapting them to the 
conditions of our territory and the current economic, social, 
and cultural landscape.

In the logic of ecosystem dynamics that operate in spiral 
cycles, waste from one process can become a resource for 
another. A prime example of this is the development of 
the European LIFE Posidonia project, led by the Balearic 
Institute of Housing (IBAVI). This initiative designed a 
fl at-roof construction system using insulation made from 
the remains of the seagrass Posidonia oceanica, which are 
deposited along the island’s coasts NO5P9,>XQ. This solution 
has been implemented in several social housing projects 
on the islands&+, off ering an opportunity to generate new 
economic models while addressing the need for accessible 
housing for island residents.

Designing for disassembly is another way to improve 

resource transformation, as it enables the recovery of 
systems and construction elements once their useful life 
has ended.&!"&# Architectural design using elements from 
disassembly appears feasible, as demonstrated by examples 
from Spanish teams working on small-scale projects, such 
as the Loggia Baseliana Pavilion in Münchenstein, Basel, 
by Isla Architects NO5P9,>YQ. To scale up this practice, the 
development of a new economic sector would be essential, 
focused on the collection, cleaning, sorting, cataloguing, 
and storage of elements from building disassembly, which 
could then be used in the design of new constructions. Such 
infrastructure already exists in other industries, as seen in 
the facilities of Desguaces La Torre in Madrid.&$

Continuing to move forward also depends on our 
creativity

Today, we have access to vast amounts of information, but 
it must be put to eff ective use. Since consumers are the 

OTU,MD9% 3"1+--5'%?.77$"%s"/+-$"'"2%mv'#C+'/*+$'6%s"/$-+"2%E/-"%"(#C$*+#*/2%b[bb2%p.*.7(":8"T%?&$/%_8";2%p&+'*+T%E/-"%G(#C$*+#*/%C**0/Tgg$/-"S"(#C$*+#*/2#.<g
?.77$"Ss"/+-$"'"2%g%Loggia Baseliana Pavilion. Münchenstein, Basel. Isla Architects. 2022. Photograph: Luis Díaz. Source: Isla Architects https://
isla-architects.com/Loggia-Baseliana.

BE9% Cassio Sauer, Arquitetura x escasez (Brasilia: Editora Concordia Brasil, 2022).
BK9% Natura Futura & Juan Carlos Bamba, Hábitats fl otantes. Una mirada a la 
arquitectura del agua en Ecuador (Madrid: Trama Ediciones, 2023).
BL9% Luis Fernández-Galiano, ed., AV Proyectos, Escasez material, no. 122 (2024).
CM9% F. Márquez, R. Levene., eds., “IBAVI. 2019–2023 Una investigación colectiva”, 
El Croquis no. 219 (2023).
C?9% David Cheshire, The Handbook to Building a Circular Economy (London: RIBA 
Publishing, 2021).
C@9% AENOR. UNE-ISO 20887 Sostenibilidad en edifi cios y obras de ingeniería civil 
Diseño para el desmontaje y la adaptabilidad Principios, requisitos y directrices. 2023.
CA9% https://www.desguaceslatorre.es/
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ones paying for the services provided by water, electricity, 
and other utility companies, a responsible government 
should consider this data (once anonymised) as public. In 
conjunction with census data and land registry records, it 
is possible to create maps of per capita consumption in the 
built environment, which could then help identify buildings 
most in need of immediate retrofi tting. Such refurbishment 
actions should be carried out proactively, rather than 
passively as in current aid programmes.

When replacement is necessary, disassembly should 
always be prioritised to recover the maximum number of 
components, thereby fostering the development of new 
sectors dedicated to their management.

Once already available resources have been exhausted, any 
unavoidable new construction should be designed with a 
long-term perspective, ideally infi nite (like the pyramids 
of Giza), while accounting for the uncertainty of what the 
future might hold.

In both refurbishment and new construction, let us use our 
creativity to design based on ecosystem principles. For an 
economy to truly be “circular” and a transition “ecological,” 
it must lead to architecture that is unique to each location, 
tailored to its specifi c conditions and resources.

While our work operates within an institutional framework 
that may constrain us, this framework is not unchangeable. 
If science is the art of formulating the right questions and 
politics the art of providing the right answers, an essential 
task is for politics to off er well-considered answers to the 
questions raised by science. Technique, our discipline, has 
much to contribute in this regard.
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