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Abstract. Materials are deeply connected with the environment, because they stem from raw materials
extracted from the geosphere, rely on large amounts of energy and of water in their production stage, project
emissions to air, water and soil when their ores (or minerals) are mined, when they are made in steel mills or
cement kilns, including very significant amounts of greenhouse gases. They also contribute to emissions and
energy consumption of the artifacts of which they are part, either consumption or investment goods. Their
connection with the biosphere raises many issues, in terms of toxicology, ecotoxicology or biodiversity or simply
of public health or in the working place. Materials, as an essential part of the anthroposphere, interact deeply
with the anthroposphere itself but also with the biosphere, the geosphere, the atmosphere and the hydrosphere,
thus with nature in a general way throughmechanismswhich can no longer simply be described at themargin, as
resource depletion or as pollution. This raises issues related to the sustainability of materials in human activities,
in which they are deeply immersed and entangled. The standard way of dealing with these environmental issues
is to invoke sustainability and to explain that all actors are engaged in sustainable development, a morals or an
ethics that points in which direction to go: all players in the materials field, industry, institutions and research,
claim allegiance to sustainable development. At a more technical level, specific tools like Life Cycle Assessment
(LCA) are used extensively to measure the interaction of materials with the environment. This, however, is not
enough to deal properly with the environmental issues of materials, because these issues are not marginal any
longer: the anthroposphere has become so large with respect to the biosphere, the geosphere and the planet in
general that environmental risk is now part of modern life, especially in connection with climate change and the
loss of biodiversity. To go deeper in analyzing the connection of human activities with nature, it is therefore
necessary to reach out to SSH (Social Science and Humanities) disciplines and particularly to environmental
ethics. This is a prerequisite for materials scientists (and others) to act decisively in the future in the face of the
danger that lies ahead of us. The present paper reviews the advances of environmental ethics, a fairly young
discipline born in the 1970s, in as far as it can help all actors on the world anthropospheric theater choose their
lines for the future in a more conscious and sophisticated way than simply claiming obedience to sustainability.
We will review briefly intellectual forerunners of the discipline like Jean-Jacques Rousseau, Henri David
Thoreau, Rachel Carson or Paul Ehrlich. This will help flesh out well-known concepts like the precautionary
principle or the “polluter-pays” principle, which are invoked in creating new materials or new processes to keep
pollution and health issues under control, as part of the constraints of professional ethics but also of
environmental law. It will be necessary to question to whom or to what the key concept of intrinsic value is
attached: people, all living organisms or ecosystems, i.e. the environment in general, and thus to define
anthropocentrism, biocentrism and ecocentrism. Environmental law and the ethics of sustainable development
are still mainly anthropocentric while scientific ecology is more clearly ecocentric. To tackle the challenges of
environmental issues as they are posed today and to avoid catastrophes, it might be necessary in the future for all
social players and for people of the world of materials to follow the steps of environmental ethics and to move up
from anthropocentrism to the broader vision of ecocentrism.
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Résumé. L’environnement et les matériaux, vus des points de vue de l’éthique, des sciences
sociales, du droit et de la politique. La relation entre matériaux et environnement est très forte : en effet les
matériaux trouvent leur origine dans les matières premières issues de la géosphère, dépendent de grandes
quantités d’énergie et d’eau dans l’étape de leur production, projettent des émissions dans l’air, l’eau et le sol
quand leurs minerais (minéraux) sont extraits des mines ou des carrières, quand ils sont produits dans des usines
sidérurgiques ou des cimenteries – et ces émissions comprennent des gaz à effet de serre. Les matériaux
contribuent aussi aux émissions et aux consommations d’énergie des artifacts auxquels ils sont intégrés, comme
biens de consommation ou d’investissement. Leur rapport avec la biosphère soulève aussi beaucoup de problèmes
en termes de toxicologie, d’écotoxocologie et de biodiversité ou simplement de santé publique ou au travail. Les
matériaux, qui jouent un rôle essentiel dans l’anthroposphère, interagissent avec l’anthroposphère elle-même,
mais aussi avec la biosphère, la géosphère, l’atmosphère et l’hydrosphère, donc avec la nature dans sa totalité à
travers des mécanismes qu’on ne peut plus simplement décrire à la marge comme épuisement des ressources ou
comme pollution. Les questions posées relèvent du caractère durable des matériaux dans l’activité humaine, où
ils sont immergés et avec laquelle ils sont intriqués. La façon habituelle de traiter de ces questions
environnementales est d’invoquer le développement durable et de montrer que tous les acteurs y sont engagés,
dans une démarche à la fois morale et éthique qui donne la direction vers laquelle aller : dans le monde des
matériaux, tous les acteurs industriels, institutionnels ou de la recherche ont fait allégeance au développement
durable. À un niveau plus technique, l’analyse de cycle de vie (ACV) est utilisée très couramment pour mesurer
la force de l’interaction entre matériaux et environnement. Ceci ne suffit cependant pas pour traiter
convenablement des questions environnementales liées aux matériaux, parce qu’on n’a plus à faire à des
questionsmarginales : l’anthroposphère a acquis une dimension si grande par rapport à la biosphère, la géosphère
et la planète en général que le risque environnemental est devenu une part importante de notre monde moderne,
en particulier en ce qui concerne le changement climatique et la perte de la biodiversité. Pour aller plus loin, il est
nécessaire de faire appel aux sciences sociales et humaines (SSH) et en particulier à l’éthique environnementale.
C’est un préalable pour que les spécialistes de matériaux (et beaucoup d’autres acteurs) puissent agir avec
détermination dans l’avenir et faire face aux dangers qu’ils confrontent de façon durable. Cet article passe en
revue les avancées de l’éthique environnementale, une jeune discipline apparue seulement sous sa forme actuelle
dans les années 1970, qui devrait suggérer aux acteurs du théâtre de l’anthroposphère les textes et les dialogues à
déclamer dans l’avenir : ils s’engageront ainsi d’une façon plus profonde et plus complexe qu’en se déclarant
simplement adeptes du développement durable. On parlera aussi des écrivains-précurseurs qu’ont été Jean-
Jacques Rousseau, Henri David Thoreau, Rachel Carson ou Paul Ehrlich. Cela permettra de donner de la
consistance au principe de précaution ou à celui du pollueur-payeur, qu’on invoque à propos d’innovation en
procédés et en produits pour en maîtriser les conséquences en matière de pollution et de santé publique. Il s’agit
de cesser de les évoquer comme des mantras et de leur donner une épaisseur à la fois d’éthique professionnelle et
de respect du code l’environnement. La question-clé est de savoir à qui ou à quoi on doit attribuer une valeur
intrinsèque : les gens, les êtres vivants en général ou les écosystèmes, ce qui conduit à définir l’anthropocentrisme,
le biocentrisme ou l’écocentrisme. Le code de l’environnement est aujourd’hui anthropocentrique, alors que
l’écologie scientifique est très clairement écocentrique. Pour affronter les défis que posent les questions
environnementales, à la société en général mais aussi aux acteurs du monde des matériaux, il sera probablement
nécessaire dans l’avenir de suivre les pas de l’éthique environnementale et de passer d’une vision purement
anthropocentrique du monde à une vision plus large, donc à une vision écocentrique.

Mots clés: matériaux / production de matériaux / utilisation des matériaux / matières premières et économie
circulaire / empreinte écologique des matériaux / principe du pollueur-payeur / développement durable /
principe de précaution / hiérarchie des déchets / questions environnementales / ACV / AFM / éthique de
l’environnement / anthropocentrisme / biocentrisme / écocentrisme / code de l’environnement
“All this inability to act effectively in the political arena
casts a long shadow of doubt on whether, politically or
technologically, much less ethically, we humans are
anywhere near being smart enough to manage the
planet”

Rolston [1]
1 Foreword

Materials are at the core of our modern world, where the
domain of people and society, the anthroposphere, has
reached a larger extension than ever before in history. The
anthroposphere interacts on an equal footing with the
spheres of nature, i.e. the biosphere, the geosphere and the
atmosphere and thus the anthroposphere is no longer today
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immersed in nature but is partially in control of it. This is
an echo of what Bruno Latour says in [2], pointing out the
fact that these interactions are reciprocal.

Materials themselves play a complex role in this
interaction: they enforce the barriers between the spheres
and make the life of humans more comfortable or even
possible; they also contribute to emissions and pollution,
directly where materials are produced and indirectly
through the artefacts that are made of them; finally, they
borrow from the limited amount of “fossil” resources
available, either energy or raw materials [3].

The fate of the environment is therefore entangled with
that of artifacts and of materials, and vice-versa: for
example, the steel industry is directly responsible for
roughly 7% of greenhouse gas emissions, themselves the
major cause of anthropogenic climate change.

Materials scientists and engineers can no longer operate
solely in the isolated world of Materials Science. Indeed,
they have to be deeply aware of how materials production
interacts both with society and nature. Process engineers
develop new or better processes for making materials,
which are now tailor-designed to minimize their environ-
ment footprint in an approach called ecodesign or lean and
frugal design. New products, today, can only be commer-
cialized after a series of studies have been performed, which
measure the material’s interaction with society, people and
nature: this includes Life Cycle Analysis (LCA), Impact
Assessments, Sustainability Assessments (SAT), Materials
Flow Analysis (MFA), toxicological and ecotoxicological
studies as well as, sometimes, social science studies, for
example in the framework of Social Innovation [4].

This broader dimension of materials science is reflected
regularly in the papers published in Matériaux et
Techniques, especially the annual special issue related to
the Society and Materials conferences (SAM) [5–9].
Moreover, the author has a book in print entirely devoted
to this broad topic [10].

The environmental and societal dimensions are often
simplified by referring to Sustainable Development or by
using a specific tool like LCA.

This, however, is too narrow a perspective, as the
ultimate approach should question the connection of
materials with nature and society at a more complex level
of argument, for example that of ethics and philosophy.

All things considered, materials are social constructs
[11], and the environment is an important element of this
construction. However, this idea is difficult to grasp for
“hard scientists” and some explaining and arguing, like
what is done here, is necessary.

This article was written for materials scientists and
engineers, especially those who have been working on
environment-related issues and have not always had an
opportunity to dig into the concepts at the background of
their work.

Therefore, the present article is not out of place in a
journal like Matériaux & Techniques. This may be going
against the habit of keeping disciplinary fields separate,
especially hard and soft sciences, even more so metallurgy
and ethics or philosophy, but the tradition of Society and
Materials conferences has been to break interdisciplinary
silos [12]. SSH itself is ripe with new approaches, which
question the way science and technology function and do it
in a deep and unsettling way. For example, the
environment itself is considered today as a social construct
like materials.
2 More on the connection between
materials, materials scientists and the
environment

Material scientists have been using the concept of Life
Cycle Thinking (LCT), in connection with their use of LCA
but also, more profoundly, because this has been a way to
acknowledge that materials have a time and space
extension that goes well beyond simply making or using
materials.

This is a way of embedding materials into an extended
reality, which is not that of a virtual world but rather of the
total world of the environment and of society as a whole,
especially the value chains in which materials are involved.
LCT leads to the concept of circularity, of circular
economy, a systemic approach in which materials have
been deeply active for a long time, actually for longer than
the word has become popular in policy making circles [13]:
the circular model has been the historical model for
structural materials throughout history and even prehis-
tory [14], thus for copper, bronze, iron, tin, stones and even
wood; more recently, the materials community has been
active in fleshing out circularity in practical accomplish-
ments, around the concept of recycling, reuse, exchange of
waste between different industrial activities (called today
industrial synergy), etc.

An effective search for materials and energy efficiency
as well as ecodesign approaches that include lean and
frugal design have been particularly active, earlier and to a
larger extent than in other industrial activities. This
points to a genuine commitment to the environment, in
the sense of countermeasures being actively implemented
in plants and incorporated into the business model of
materials industries [3]. This has even led to the
conclusion that caring for the environment, from an
industrial standpoint, is often a way to improve its own
processes and to become more efficient: the optimum for
the whole environment is often also an optimum for the
industrial ecosystem.

At a societal level, LCT has improved communication
across the value chain, in effect forcing chains of clients-
users to exchange data regarding the products they trade:
these are the figures that populate the LCA databases but
also the LCI (Life Cycle Inventory) of particular studies.
Note, incidentally, that materials play an essential role in
these databases.
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The circular economy, an essential concept today in
the implementation of sustainable development by
policymakers, is therefore a practice of the materials
world and of materials people that has served as a model
to society in general and one in which the materials
community is fluent.

The further concept of Social Cycle of Materials was
proposed by sociologists to describe how materials
innovation takes place and by focusing on the social
actors, which intervene in the process [15]: “we might
initially think of 4 types of actors that are fully part of the
social cycle of materials, inasmuch as they have a great
importance in producing social and economic impacts in a
broad sense and influence the development of materials.
These actors include those who belong to the world of
scientific and technological research, those involved in the
management of environmental dynamics, those involved in
the design and implementation of policies, and what we
commonly refer to as civil society (quote from [16])”. The
point of extending LCT through a critical analysis external
to the domains of LCA and of technology, is to go beyond
what the discipline can offer from its own methodological
resources, particularly as far as externalities (like environ-
mental issues) are concerned, as well as risks.

More generally, materials scientists have a role that
goes way beyond inventing new materials, new processes
for making them and certifying their sustainability by an
LCA study: they are part of the social network that needs
innovation in their field, that specifies it in a long and
interactive dialogue and that arrives at solutions which all
players deem acceptable, from various standpoint,
including environmental ones. The materials people
themselves are thus part of the Social Cycle of Materials,
volens, nolens.

In other words, materials people have been using
environmental ethics for a long time, but à la Monsieur
Jourdain [17]. A deeper, more focused look at the discipline,
as proposed in the present article, can only help them go
further in that direction.

3 Positioning materials and the spheres of
ecology in an historical and philosophical
perspective

The questions with which this article deals are related to a
number of almost synonymous words –nature, environ-
ment, natural environment, ecology and ecosystems.

They also refer to a series ofmethodological approaches –
natural philosophy, sustainability, environmental damage,
human/non-human health (toxicology, ecotoxicology),
SSH1 (sociology, anthropology, geography, philosophy)
and to disciplines which tackle the same objects from
different standpoints –philosophy, ethics (environmental
ethics), political science related to the environment and law.
Time is also of the essence, as each of these concepts and
methods are dated, “time-stamped”, andhave been changing
1 Social Sciences and Humanities.
not only with time but also with space –New Zealand, for
example, has environmental laws which deconstruct the
basis of the environmental laws of Judeo-Christian countries
[18].2

Another entry into this discussion would have consisted
in mentioning and analyzing the contributions of impor-
tant authors who have exposed paradigm shifts in concepts
and approaches related to Environmental Issues (EI)
before others did it or who have done it better than
them – thus in collecting a kind of anthology. An interest-
ing book of Ariane Debourdeau does exactly that [19].
Authors which share the status of writers and philosophers,
like Jean-Jacques Rousseau [20] or Henry David Thoreau
[21] among many others, would have an important role in
such an anthology alongside more abstract and intellectual
authors.

After personally working on countless environmental
issues related to materials and publishing widely on many
of them as an engineer and a scientist [10], I felt the need for
a more rigorous and tightly argued approach regarding the
intellectual arguments on which environmental issues are
analyzed and judged. I wanted to question the historical
background of which I was distinctly part, as most of the
structured work in the area goes back to the 1960s and
1970s, the philosophical and ethical backgrounds on which
all of this is based and their connection with the
formulation of environmental law. Leading experts in
these various fields operate in separate conceptual worlds
so that explaining their advances, which are not fully
coherent, is a challenge.

Therefore, we will start by reviewing the key words on
which this article is structured: nature, natural science,
environment, wilderness, ecology and their daughter
categories of natural/scientific ecology, ecosystems and
biosphere, industrial ecology and anthroposphere.

Then we will mention the methods and keywords of
various practical ways for thinking and acting about
the environment: natural science in the past, sustainabili-
ty, the precautionary principle, the principle of responsi-
bility or the “polluter-pays” principle nowadays, the
connections with pollution, environmental damage, health
and toxicology.

Finally, in order to try to put everything into a more
coherent focus, we shall review philosophical and ethical
views about the environment, which are tightly connected
with political science and environmental law. However, as
it turns out, philosophers and ethicists went further than
what society is ready to implement, as exemplified by the
present status of environmental legislation, which remains
somewhat behind ethical thinking.

Ironically enough, what we will be able to review is
strongly eurocentric, focused on the work developed in
Western countries and it ignores some of the thinking
common in non-western cultures, especially the cultures of
the First Peoples.
2 The river Whaganui was recognized as a living entity by the
Parliament of New Zealand on 15 March, 2017.
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4 Keywords: Nature, Environment and
Ecology

Nature is probably the oldest word that relates to the topic
of this article, along with the adjective natural and other
composite words.3

The word Nature comes from latin natura, which is
derived from the verb nascere, to be born, and therefore
means the action of giving birth, of extracting, of being
innate or “natural”. It also means “the way things are”, the
order of things, like in the Natura Rerum of Lucretius. It is
actually the translation by Lucretius of old Greek fysikή,
or physics. It corresponds to what is called the natural
world today, formally studied by Natural Sciences
(sciences naturelles, F), which are nowadays subdivided
in Life Sciences, Earth Sciences and Physical Sciences, to
keep things simple.

Natural Science, in the singular, designated in Antiq-
uity what is called today Science on the one hand and
Philosophy on the other.

The word environment is a much more recent word,
when it is used in a sense close to what we mean here – a set
of elements and of physical phenomena which influence a
living organism, 1827 in English and 1921 in French,
although its present use – ensemble des conditions nature-
lles et culturelles susceptibles d’agir sur les organismes
vivants et les activités humaines – goes back only to c.1960
[22]. Note that both keywords, nature and environment,
are sometimes used together, as in the expression natural
environment, which is therefore tautological.

The word ecology brings the theme under the category
of science: it stems from the German word Ökologie, itself
from old Greek oko& and λógo&, the study of habitat, a
wordmade up by Ernst H. Haeckel (1873), amedical doctor
and biologist who specialized in zoology and anatomy. An
earlier occurrence is mentioned in Henry David Thoreau
(1852), although it went unnoticed at the time [23]. As a
science and until 1968–1970, ecology described the milieus
where living organisms lived: then a metonymic shift gave
the word the meaning of what is studied by ecology.
Nowadays, the meaning has been extended to that of a
discipline related to policymaking, which has the objective
of better adapting man to his environment. The word also
designates the political movements that support this
practice.

At the core of this article is therefore an old concept,
Nature, which has been present in human thought since
Antiquity: in the Western tradition, Nature was concep-
tualized and defined by Greek philosophers, while
monotheist religions were at the origin of the slightly
different Judeo-Christian tradition. The attention to
environmental issues, however, is much more recent:
indeed, the modern meaning of the words environment
and ecology dates back to the turn of the 1970s.

Appendix A gives the equivalents of some essential
keywords of this article in a few major languages (English,
French, German, Spanish, Chinese and Japanese).
3 The American Heritage Dictionary of the English language lists
27 words related to nature and natural.
5 Essential environmental concepts

In this section, we introduce the environmental issues at
the core of this article.
5.1 Identification of “environmental issues”: pollution
and environmental damage, resources and resource
depletion, ecosystems and biodiversity

Environmental Issues (EIs) were identified in the second
half of the 20th century and became common lore, in the
press and in political discourse, when they started to
become worrisome. Beyond the words and the stories that
they told, there developed an understanding of their
mechanisms, consequences and causes: a science of the
environment took shape, complete with models, measure-
ments and simulations. It consisted actually in the
convergence of many disciplines, from physical and life
sciences to SSH – including a number of applied disciplines,
like meteorology or mining technology. On the other hand,
issues clearly mean problems and the emphasis was put on
the liabilities related to the environment and to their
negative externalities, to use economic language.

Pollution of air, water and groundwas probably the first
of these issues to show in the spotlight. Initially a local
matter, often related to an industrial plant, it has evolved
into a regional and even a worldwide matter, caused by
industry but also by households, traffic and agriculture,
sometimes with interactions between these different origins
through the transport of pollution across regions, borders
and even continents. Water pollution has affected water
tables, whole watersheds, seas and oceans.Ground pollution
tends tobemore localbut can contaminatewaterand thusbe
transported far away. Pollution can result in environmental
damage such as smog or particulate matter in the lower
atmosphere, especially in cities. Greenhouse gas emissions,
not strictly considered as air pollution, belong to the same
class of phenomena: they are clearly connected to Climate
Change, one the major environmental issues today.

Resources, both in energy and raw materials, which
were extracted from the ground in mines, quarries, oil or
gas fields, also joined the list of environmental issues, when
the matter of their possible scarcity was raised and the
concept of Critical Raw Materials (CRM) started to be
used. Besides primary raw materials, secondary raw
materials and the concept of the circular economy became
important in the discussion of the availability of materials
resources.

Ecology made the point that these issues could not be
analyzed separately and purely locally but were connected
inside the whole biosphere, where the unit set of reference is
an ecosystem or a set of ecosystems (biomes) and actually
the whole anthroposphere, where the industrial ecology
model describes it metaphorically as a natural system.
Interaction of both spheres at a global scale, for example in
the case of the ozone layer destruction, of climate change
andof themass extinctionofbiological species (biodiversity),
became the norm in addressing these issues. The awareness
of the importance of environmental issues at a political
level reached the scale of the planet and, therefore,
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Fig. 1. Les objectifs de développement durable de l’ONU.
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international organizations, foremost of which the United
Nations and its various bodies, took the issues in stride and
developed policy approaches for the world as whole to
address them.

The SSH dimension of environmental science gave the
floor to philosophers, to analyze, dissect and clarify the key
concepts,butalsotoethicists,whoarguedaboutresponsibility
and moral values, and finally to political scientists and policy
makers who proposed frameworks for steering the world
through these issues and beyond the crisis looming in their
trail. These contributions will be presented in Section 5.4.

5.2 Construction of the concept of sustainability

The major concept around which these issues have been
packagedinglobalcommunicationandinpolicymakingcircles
is that of Sustainable Development, also called Sustainability.
There are various definitions of sustainability but the UN
version promises that the planet will be transmitted to future
generations in such a way that they can continue to live on it
under conditions that guarantee a reasonable level of well-
being.This is certainly not anobjective statement ofwhatwill
undoubtedly happen, but rather an ethical objective that
should guide policy in the future and a kind of contract
between the present and the future.

Note that Sustainability is related to the precautionary
principle, to the “polluter pays” principle and to the general
acknowledgment that we live in a society of risks. All these
concepts were contributed by philosophy, environmental
ethics and environmental policymaking (cf. Sects. 6.4, 6.5,
6.6 and 7). They are close but not fully congruent, nor
necessarily coherent: they relate to various forms of
analysis, of storytelling, and, as such, all of them are “true”.
5.3 Damage to human health and to non-human
health– toxicology and ecotoxicology

Human health relates to a particularly complex interface
between biosphere and anthroposphere: a sustainable
world is one in which human health is preserved. This is
related to sanitation, medicine, advances in biology and
pharmacology. This is also related to toxicology and to the
twin discipline of ecotoxicology, which extends the concept
of health to non-human species.

The UN, in its Sustainable Development Goals, has an
extended definition of sustainability which includes not
only environmental and health provisions but also cultural
values related to well-being in general, end of poverty,
democracy, peace, gender equality, etc. (cf. Fig. 1).

5.4 Environmental policymaking, law and legislation

The policymaking dimension of sustainability, considered
today as the main formulation of the response to
environmental issues, has developed across society in the
worlds of government, business, associations (NGOs) and
citizenry.

Law has also contributed to proposing frameworks for
reining in environment issues in as far as they raise specific
and important problems that need legal resolution.
6 Disciplinary approaches to the environment

We shall now move on to the construction of the relevant
concepts, from the standpoints of more structured
disciplines, namely philosophy, ethics and law.
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6.1 Natural philosophy and the separation of science
from philosophy

Until Galileo Galilei and his trial in 1633, science and
philosophy were not separated and the study of both was
called natural philosophy, philosophia naturalis in Latin.
Philosophers, as they are remembered today, were also
scientists and engineers, to use modern terminology.
Natural philosophy was to be distinguished from moral
philosophy, which included metaphysics and ethics as well
as what is called today SSH.

Representative productions of natural philosophy are
the Natura Rerum of Lucretius [24] or the Natural History
of Pliny [25], while the more philosophical texts would be
represented by Aristotle’s Physics [26].

There are many ways beyond physics and philosophy,
in which nature intruded on human consciousness. Meteors
and the weather, water, rain, sea and rivers, landscapes –
either in the tame countryside of farmers, in the
sophisticated gardens of the aristocracy or in the wilderness
of mountains or of virgin regions of the world. Interest was
in the quiet or in the extravagant occurrence of the
weather, like storms, floods, tempests. This is now studied
for example by historians, in a discipline called the History
of emotions [27].

In the Middle Ages, the world was seen in Europe as an
impersonation of the world of the Bible: meteors expressed
the power and the anger of God, while the Devil was hiding
in the mountains [28].

Modern times saw the desacralization of nature during
the Renaissance, which is understood by historians today
as the rediscovery of nature rather than that of Antiquity4.
Nature became a mirror of people’s minds, moods, feelings
rather than that of godlike creatures [29–33]. Note that the
Counter Reform of the catholic church helped people look
up to the sky, which had become abundantly represented in
frescos showing it as populated by angels (cf. Giambattista
Tiepolo, for example).

Rather than tracking the philosophical analysis of
nature in Modern Times, we will simply mention some of
the writers and plastic artists, who have illustrated the
evolution of the vision of nature. Indeed, artists are
members of society, who are the first to express how people
feel about nature in powerful and original ways.

Jean-Jacques Rousseau (1712–1778) spoke of his own
introspective feelings as if they were a form of weather –he
vies “to apply a barometer to his soul5” [20] – and he used his
walks (promenades) in the countryside or in city parks to
clarify his own thoughts. That was the time when
aristocrats started to be interested in nature and actually
traveled to the mountains, like the Alps in France, driven
4 Knowledge, as taught in secondary schools from Antiquity to
the beginning of the Renaissance, was subdivided in the seven
Liberal Arts. The Artes Liberales comprised the Trivium (the
three ways) related to the power of language (grammar, dialectic
and rhetoric), and the Quadrivium related to the power of
numbers (arithmetic, music, geometry ad astrology (or astron-
omy). Overarching them was Philosophy and Theology, towards
the end of the Middle Ages.
5 « J’appliquerai le baromètre à mon âme. ».
by the emotion of the “sublime”, that it offered to bored city
dwellers. Emmanuel Kant (1724–1804) defined the sublime
in his theory of aesthetics: the sublime goes beyond the
beautiful or the pretty and opens up a dimension that is
limitless, infinite.

Note that Rousseau used the concept of nature to build
his own vision of society: nature is the reference state (l’état
de nature) from which the organization of society is
constructed through his concept of a Social Contract,
concluded among its members, whereby some of their
freedom is abandoned in exchange for the protection of
other intrinsic rights [34]6. The Social Contract has been at
the basis of political theory since then, althoughmostly in a
general way, since Rousseau’s ideas have been seen since as
too simplistic both by anthropologists [35] and political
scientists. It is still used today, however, to conceptualize
what ought to be the connection between society and
nature (cf. Sect. 6.5 and [36]).

Henry-David Thoreau (1817–1862) is an American
philosopher and writer, who left the city of Concord,
Massachusetts, to live in a cabin by a lake for one year and
wrote a book depicting his experience, Walden or the life in
the woods [21]: he is considered as one the first “inventors”
of ecology as a science and at the same time as a
philosopher. The following quote fromWalden summarizes
his attitude: “I went to the woods because I wished to live
deliberately, to front only the essential facts of life. And see
if I could not learn what it had to teach and not, when I
came to die, discover that I had not lived”. He introduced
the concepts of the preservation of nature in the
countryside and of the conservation of wilderness in
national parks, an institution invented in the US in 1972 by
President Ulysses Grant: the principle of national parks
was adopted across the world as a way to create living
museums which preserve nature, as a kind of Paradise Lost,
a reminiscence of the Biblical, Judeo-Christian vision of
nature and the world. Other important authors were
instrumental in the development of the American wilder-
ness concept: John Muir (1838–1914), the founder of the
Sierra Club and the proponent of reverentialism, and Aldo
Leopold, who had advocated an appreciation and conser-
vation of things natural, wild and free (the land as a whole
ought to be an object of our moral concern), and then the
adoption of a land ethics [37].

Closeness to nature was an important part of romanti-
cism, strong in the areas of poetry, plastic arts, music and
novels: it was born as a reaction to the industrial revolution
and to the rationalism of the Enlightenment.

Nature in all these instances represents the world as it
is, in all its dimensions and complexity, and includes man,
mankind and society. Thus, nature is not simply the world
without people and without the artificial contributions
that they made. The vision of nature has been increasing in
complexity under the dual input of sciences and arts from
the onset of Modern Times until today.

Note for the record, that at the end of 19th century,
science was so certain of its ability to describe the
functioning of the world that the connection with
6 His thoughts were based on Thomas Hobbes’ and John Locke’s
previous work.
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philosophy, arts and literature was inversed: a school of
thought called naturalism became popular among novel-
ists – the foremost of whom was Emile Zola7, painters and
other plastic artists8, who referred either to naturalism or
to realism, taken as synonyme; a philosophical school of
thought also bearing the name of naturalism9. Nature, in
these contexts, means the world as it functions in all its
complexity and therefore includes the whole biosphere, the
anthroposphere and the geosphere – although none of the
naturalists knew these words or the concepts they cover:
nature as the world outside of mankind’s influence is
therefore not part of naturalism. Naturalism includes
mankind, society and social sciences, although the ideas at
the times would not be considered as part of SSH today but
more as ideologies: for example, Social Darwinism or
Eugenism developed as branches of Naturalism.

TheNaturphilosophie of Friedrich von Schelling (1775–
1864) in Germany is somewhat related to philosophical
Naturalism and is an attempt to unify material and
spiritual phenomena under the aegis of nature. Based on
Johann Goethe’s romantic ideas, it is a kind of pantheist
religious endeavor dressed in philosophical garments.

6.2 National parks and the appeal of wilderness

National parks are a 19th century concept, initiated in the
United States, as a kind of penance for colonization of
North America and to avoid artificializing landscapes
there, like what had happened in Europe. It is interesting to
note that the concept of responsibility to future gener-
ations, which is at the core of sustainability, comes from
this practice.

Thus, the Organic Act of 1916 says that the National
Park Service was created “to conserve the scenery and the
natural and historic objects and wildlife therein, and to
provide for the enjoyment of the same in such manner and
by such means as will leave them unimpaired for the
enjoyment of future generations [38]”. More recently,
President Lindon Johnson said: “If further generations are
to remember us more with gratitude than sorrow, we must
achieve more than just the miracles of technology. We must
7 He claims that literature should become scientific in the preface
of Thérèse Raquin and in Le roman experimental. He gets his
intuition from Claude Bernard, a biologist (La méthode
expérimentale) and from Auguste Comte, a philosopher who
created Positivism. Other notable French writers, who joined this
movement, are Guy deMaupassant, Gustave Flaubert, Joris-Karl
Huysmans and Alphonse Daudet. Naturalism diffused to Italy
(Giovanni Verga), Spain (Benito Pérez Galdós), latin América
(Clorinda Matto de Turner) and Quebec (Albert Laberge).
8 Gustave Courbet is considered as the initiator of the Realism
school (the Bonjour Monsieur Courbet painting). His work was
reacting to Romanticism and to the academic style preferred in
the Salons.
9 Philosophical Naturalism states that anything that can be
known about the world stems from “natural principles”. There are
no external causes to things or phenomena beyond those that the
best modern science can describe. Thus, there is no transcen-
dence.
also leave them a glimpse of the world as it was created, not
just as it looked when we got through with it” (mentioned at
the Bryce Canyon National Park).

National Parks developed all over the world under the
aegis of the International Union for Conservation of
Nature (IUCN), created as an offshoot of UNESCO in
1948 [39]. There are thousands of parks in 100 countries
today [40].

National parks, as explained when mentioning Thor-
eau, refer to the concept ofwilderness, which is itself related
to the concept of climatic climax landscapes, a historical
concept based on the idea that nature, if left alone and
pristine, functions in steady-state and preserves in a kind of
untouched, virgin way. Modern ecology does not believe in
this idea any longer.

Mutatis mutandis, wilderness is a kind of social value
similar to the cultural dimension of biodiversity.

6.3 Critical events and critical writings

We have thus far insisted on the point that environmental
issues are understood today as having reached a peak and
entered into a phase of crisis and even a feeling of incoming
doom. The list of environmental issues is fairly well
identified (cf. Sect. 5.1). The tipping point is acknowledged
as the early 1970s.

There were a number of critical writings, which acted as
early announcement of that incoming crisis, as a kind of
whistleblowers of deep societal changes to come.

In France, René Dumont published books in the early
1960s, which foretold of a food crisis, especially in the Third
World and in poor countries [41]. The Green Revolution
proved him wrong, hic et nunc, and he is now mostly
forgotten, including in the world of political ecology in
France, where he was the first green party candidate to
presidential elections (1974). But he helped raise awareness
of EIs.

In the English language literature, Silent Sprint of
Rachel Carson (1907–1964) [42] and The Population
Bomb of Paul R. Ehrlich (1932) and Anne Ehrlich [43] are
recognized as the most influential early texts that
sounded the bell of doom. Rachel Carson, a marine
biologist, attracted attention to the dangers of pesticides
like DDT in her poetically written book and led the US
government to create the Environmental Protection
Agency (EPA). Paul Ehrlich was a biologist who worked
in the field of demography and is famous for the IPAT
equation, which he developed with Paul Holdren [44]: he
warned that population growth would let pollution get
out of control. His predictions were also too pessimistic
as they were not verified at the time, but his general
vision remains true in terms of trends, if not of exact
outcome.
6.4 Environmental philosophy and Philosophy of
environment

“Environmental philosophy is a branch of philosophy that
is concerned with the natural environment and humans’
place within it” [45]. It includes environmental ethics
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(cf. Sect. 6.4) and other sub-disciplines discussed
further.

The expression Philosophy of environment designates
the same discipline, in as far as it is still loosely structured
and nascent, in some countries like France.

The Philosophy of environment is sometimes treated as
a separate discipline from environmental philosophy,
focusing on some particular issues and schools of thoughts,
like Evolutionist Humanism, which ought to be considered
more like a sect or a religion than a philosophical discipline
or like a free-thought endeavor still looking for a proper
philosophical framework [46]. It refers to thinkers like
Jacques Monod, Richard Dawkings [47], Stephen Jay
Gould, who have all written extensively for the general
reader. This is somewhat similar to the theory of Gaia of
James Lovelock [48] which proposes an image of the
biosphere as a global, self-regulating living organism, which
is best seen as an ad hoc metaphor of the mechanisms
involved in a global ecological system rather than as a
scientific theory.
10 this expression refers to the philosophical discipline of axiology,
which is the study of value in ethics (consequentialist concepts:
good and bad, or deontological concepts like right and wrong,
which are known as thin moral concepts, while kindness, honesty,
sincerity and justice are thick concepts, related to virtue ethics) or
in aesthetics (beautiful and ugly).
11 The law of robotics, a playful construction of science-fiction
writer Isaac Asimov, have been used to think about artificial
intelligence and of how to deal with it in the future, when ethical
issues are raised in this new context. The 3rd law stipulates: A
robot must protect its own existence as long as such protection
does not conflict with the First or Second Laws.
12 Consequential arguments are often used to promote normative
attitude towards environmental issues. For example, there is an
on-going advertising campaign, in Montpellier, France (2018) to
promote glass recycling: « Il faut vous le dire comment ? Bien trier
le verre, c’est dans votre intérêt ».
6.5 Environmental ethics: major concepts and schools
of thought

Environmental Ethics is the most prolix chapter of
environmental philosophy. It started to be developed in
the 1970s, as a response to the identification of the
environmental issues of 5.1 [49,50]: it is an exercise in
practical philosophy to help policymakers and society
stakeholders find their way around thorny issues and help
solve them. Only Philosophy, among academic disciplines,
has the clout to offer this kind of service.

The two central questions raised by environmental
ethics are to identify: (1) what ought to be done with
respect to the environment, from the standpoint of
humankind and (2) why?

The second question is the most pressing one: why
should “we” act, we, mankind? Why should we preserve
the environment? What are the moral principles that
would urge us to do so? What has an intrinsic value
that we should strive to preserve it? People, human
beings, humankind on the one hand, or living creatures
beyond humans on the other hand or environmental
systems (ecosystems) in a more general way? Several
kinds of answers were proposed, from purely anthropo-
centric to ecocentric ones, with various shades of grey in
each case. Which of these ought to be given moral
priority?

Anthropocentrism in Environmental Ethics has also
been called human-centeredness or human chauvinism: it
states that humans are the only things that matter on
Earth. It is a very old concept that can be traced to
Aristotle, who maintained that “nature has made all things
specifically for the sake of man” [51] and that “the value of
non-human things in nature is merely instrumental”, and to
the Bible: “Then God said, Let Us make man in Our image,
according to Our likeness; let them have dominion over the
fish of the sea, over the birds of the air, and over the cattle,
over all the earth and over every creeping thing that creeps
on the earth” [52].
Traditional Western ethic perspectives assigned intrin-
sic value10 to human beings alone – and not to animals or
plants or ecosystems: this is called anthropocentric in a
strong sense. Therefore, in that sense, protecting the
environment makes sense only if this helps protect people,
for example for health reasons, because of toxic emissions,
or for avoiding the dire consequences of global warming run
amok. Or if intrinsic value is also assigned to non-human
things, then a greater amount of intrinsic value would be
assigned to human beings because “the protection or
promotion of human interests or well-being at the expense
of non-human things turns out to be nearly always
justified” [49]: this is called weak anthropocentrism. The
third law of robotics belongs to this category [53].11

The companion to the concept of intrinsic value is that
of consequential value:12 what is good may not be directly
related to the action one is envisioning, but rather to the
consequences of this action, which is in that case means
towards getting something else: thus, “anthropocentrism
often recognizes some non-intrinsic wrongness of anthro-
pogenic environmental devastation; such destruction
might damage the well-being of human beings now and
in the future, since our well-being is essentially dependent
on a sustainable environment” [49]. There is a strong
connection between consequential value and extrinsic
value [54].

Note that axiology, the subdiscipline of philosophy that
studies value, is applied both to ethics and aesthetics: this
may help point out that the value of nature and of the
environment also somehow possess an aesthetic dimension.
One may want to preserve the biosphere, not only for its
usefulness in maintaining the sustainable conditions under
which mankind can thrive, maybe even survive, not only
for its own sake, but also for simple aesthetic reasons: the
Earth indeed is a beautiful planet! Moreover, “the aesthetic
appreciation of nature has the power to re-enchant human
life” [49].

Some thinkers believed that there is no need to develop
non-anthropocentric theories: the environment can be
adequately protected by using what they call enlightened,
prudential or consequential anthropocentrism. This may be
an explicit stance like enlightened anthropocentrism or a
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cynical, hidden stance, like the latter two approaches, an
indirect form of consequentialism, which has attracted
vehement critical rebuttals [55].

Richard Routley (1935–1996), an Australian philoso-
pher, picked up the American ideas and feelings related to
nature and wilderness and took them a step further by
stating that non-human objects have intrinsic value in his
“last human” parable [56].13

A bridge between ethics and law was launched by
Christopher Stone in 1972: he proposed that trees and
other natural objects should be considered as legal entities,
like companies and corporations do [57]. Thus, they could
be represented in their own right in the courts by groups
such as NGOs.

This did not lead to an overhaul of the legal framework
in the US, but it solidly focused attention on the
environment.

Joel Feinberg pointed out that in order to have legal
and moral standing, items had to have interests, capable of
being represented in legal proceedings and moral debates
[58].

This was concomitant with the emergence of political
activism around the idea of animal rights.

By then, Environmental Ethics, political activism and
legal debates had converged to create a lively discussion
about environmental issues at all these three levels. There
were deep disagreements between parties, especially at the
level of political activism, between those who were in favor
of reform and of working with institutions and business, the
“liberal environmentalists”, and those who were calling for
no less than a revolution, the fundamentalists or “fundies”.
There was thus a distinction between shallow and deep
environmental movements, which is paralleled by another
distinction between weak and strong sustainability [59].

The concept of deep ecologywas proposed byArne Næss
(1912–2009), a Norwegian philosopher and mountain
climber.14His intuition came fromhis experience in climbing
summits in the Himalayas in the company of Sherpas, who
reveredmountains as livingbeings and refused to climb some
of them. Næss position was to extend this reverence for
mountains to other natural things in general. He saw himself
as a political activist as much as a philosopher.

Næss defines the deep ecology movement in contrast to
the shallow ecology movement, which is the “fight against
pollution and resource depletion”, an approach developed
in theWestern world and therefore one concerned with “the
health and affluence of people in the developed countries”
[60].
13 “He imagines a hypothetical situation in which the last person
surviving a world catastrophe acts to ensure the elimination of all
other living things and the last people set about destroying forests
and ecosystems after their demise. From the human-chauvinistic
(or absolutely anthropocentric) perspective, the last personwould
do nothing morally wrong, since his or her destructive act in
question would not cause any damage to the interest and well-
being of humans, who would by then have disappeared.
Nevertheless, Routley points out that there is a moral intuition
that the imagined last acts would be morally wrong”.
14 He developed his thoughts with discussions with fellow
Norwegian climbers Sigmund Kvaløy and Nils Faarlund.
The deep ecology movement, on the other hand,
endorses “biospheric egalitarianism”, the view that all
living things have value in their own right, regardless of
their usefulness to others – this is akin to the modern view
of scientific ecology that sees ecosystems and biodiversity
as the central backbone of the operation of nature,
although transposed in terms of ethical value; the same
concept already existed in Spinoza’s metaphysics, who
rejected atomistic individualism in favor of a more holistic
vision of the whole biosphere, individuals being simple
knots in what he calls the biospherical net. A living thing’s
identity is constituted by its relations to other things in the
world, as seen by the ecological connections to life in
general.

The deep ecologist respects the intrinsic value of
natural things: for example, when walking on the
mountainside, he is careful not to cause damage to
plants – a behavior generally encouraged in National Parks
today, without necessarily referring to Næss.

An evolution of Næss’ ideas led him to assume that the
human ego could identify with nature as a whole, thus
enlarging one’s Self (written with a capital S) beyond his
body’s boundaries – the theory of expanded self. This is
somewhat akin to the religious belief of Zen, which professes
to help the individual, throughmeditation, become aware of
thefluxesof lifeofwhichhe isapartandletthemflowthrough
him. Næss called his philosophy Ecosophy.

Næss did not elaborate on the key questions that the
concept of intrinsic value attributed to any natural object,
living things like animals and plants, but also rivers,
mountains, bacteria or viruses raised in the framework of
Environmental Ethics – in particular as far as defining their
interests was concerned. The translation of deep ecology to
the political and legal contexts was also left to political
activists or to other experts (see Sect. 7).

In the US, deep ecology has been considered as close to
the land ethics of Leopold, a rapprochement to which Næss
objected as he found it too totalitarian.

Næss’ deep ecology has been criticized by feminist
philosophers, because it represents a form of human
colonialism, akin to many male-oriented attitudes towards
women. Third world critics have called it elitist, in as far as
it aims to preserve the environment for well-off people in
rich countries.

Note also that,mutatis mutandis, deep ecology reminds
of Bruno Latour’s Actor Network Theory (ANT), a
sociological and anthropological theoretical framework
which posits that networks of relationships between living
and non-living things explain social interactions [61].

The further evolutions of concepts in Environmental
Ethics and Environmental Philosophy are reported in the
next section, under theheadingof “more radical approaches”.
Indeed, what was reported in the present section can be
considered as mainstream Environmental Ethics.

6.6 More radical approaches: ecofeminism,
ecocriticism and social ecology

Feminist philosophers, most of them women, introduced a
new vision of the connection of science, technology,
industry and environmental issues with broad social



J.-P. Birat: Matériaux & Techniques 107, 102 (2019) 11
mechanisms that go beyond the analyses of contemporary
social science and imply discrimination and exploitation
against women. The concept of human-centrism or
anthropocentrism becomes androcentrism in the vocabu-
lary of feminist philosophers.

Carolyn Merchant’s classical book, The death of Nature
[62], explains how the Earth (the geosphere) can be viewed
as a maternal matrix which grows metal ores and minerals
in its womb and delivers them to the surface to be later
transformed into metals or other materials, for the smooth
functioning of human society.

More crudely and, historically much earlier, Francis
Bacon (1561–1626) explained that the Earth is dug with
holes (the mines), which act as vaginas that are raped by
society and this lets ores emerge outside of the ground to
eventually produce metals, etc. [63,64]: the process is
violent but is the price to pay for advancing science and
technology. It is based on the methods of inquisition and
torture of witches, he implied. Modern critics have traced
the connection between technology and environmental
degradation to Bacon [65,66], giving him probably too
much responsibility for events that took place centuries
beyond his time.

“By the mid 1970s, feminist writers had raised the issue
of whether patriarchal modes of thinking encouraged not
only widespread inferiorizing and colonizing of women,
but also of people of color, animals and nature. Sheila
Collins [67] (1974), for instance, argued that male-
dominated culture or patriarchy is supported by four
interlocking pillars: sexism, racism, class exploitation, and
ecological destruction” [quoted from 49]. Feminism puts
stock in the concepts of domination and power, which is
also at the center of a strong theoretical debate in
anthropology.

The expression ecofeminism was invented by French
writer and activist Françoise d’Eaubonne (1920–2005).15 It
is now commonly used to refer to this school of thought.

The debate between disenchantment of nature and new
animism, initiated by the Frankfurt neo-Marxist School of
Max Horkheimer and Theodore Adorno [68], is at the core
of a theoretical discussion that took place in the 1970s.
Initially, they objected to Marxism, which is based on a
positivist attitude towards nature, driven by science, the
pursuit of progress, of power and of technological control:
they saw Marxism as anthropocentric and as adding an
extra layer of alienation to human nature and as
disenchanting nature, i.e. freezing it in a deterministic
rationality and killing it as in a still life painting. They were
looking for a new dialectical synthesis between Romanti-
cism and Enlightenment. They proposed to achieve this
objective by looking for freedom, creativity and spontanei-
ty in the values of the aesthetic, moral, sensuous and
expressive aspects of human life in an approach called new
animism, coming just short of the animist visions of the
15 Besides ecofeminism, she coined the word phallocrat. She was
one of the founders of the Mouvement de Libération des Femmes
(MLF) in France, where she was in charge of the group “Ecology
and feminism”.
First people. This is where the theory comes close to
aesthetics: art, like nature, offers an excess of representa-
tion that reaches beyond its materiality and its exchange
value.

Ecocriticism is a critical approach, proposed by Adorno
on the basis of literary critical theory, which looks at the
production of writers from the standpoint of environmental
issues, based on techniques of deconstruction, psychoanal-
ysis and radical social theory. This, incidentally, leads to
the deconstruction of the notion of nature and to the
paradoxical slogan “down with nature!”.

Social ecology, an approach proposed by Murray
Bookchin [69], an anarchist theoretician, plans to revisit
the coupled concepts of nature and nurture or nature and
culture, by distinguishing between first nature and
second nature. Environmentalism, according to him, is
a social movement and the issues it confronts are social
problems. Bookchin also thinks that nature is an
aesthetic marvel, in which humankind has a special role
to play, not to control, harness or violate it, but to help it
maintain its complexity and diversity, while curbing
pollution.

Environment and economics have entertained close
connections, especially in methods designed by economists
to internalize the externality that the environment usually
is considered to be, in their own (neoclassical) views, such
as cost-benefit analysis, the willingness-to-pay (WTP)
criterion or the concept of nature capital. Some writers see
the use of these concepts “as instrumentalizing natural
things which are in essence wild and free” [49]. Famous
attempts have been made at pricing the cost climate
change, in terms of action or inaction [70], and the value of
Biodiversity [71]. However, the efforts come from the side
of economists and thus introduces a methodological bias,
similar, mutatis mutandis, to those pointed out by
ecofeminism or social ecology. To overcome these
limitations, Mark Sagoff has introduced the distinction
between people as consumers and people as citizens in
order to avoid the strong anthropocentrist views that
come along with standard economic approaches – i.e. the
economics school of thought distinct from environmental
economics [72]. Cost benefit analysis, he says, cannot tell
us the value of nature and therefore approaches like
compensations for GHG emissions or for loss of biodiver-
sity are suspect or miss the point: not everything,
especially as far as the environment is concerned, is
economic in nature!

To accompany the new understanding of ecology that
nature and life are embedded in complex ecosystems, which
connect together to form biomes and eventually the
biosphere, as well as activism like that related to animal
liberation, Environmental Ethics has explored new ways of
acknowledging the intrinsic value of living and non-living
natural things. This means reexamining consequentialist
ethical theories, deontological ones and virtues ethics (cf.
footnote 10 and Sect. 6.5).

Consequentialist ethical theories consider good and bad
to be more fundamental moral notions than right and
wrong and maintain that whether an action is right or
wrong is determined by whether its consequences are good
or bad.
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For utilitarians, a family of consequentialists, “Right
actions are those that would produce the greatest balance
of pleasure over pain” [49]. Peter Singer [73], “has argued
that the interests of all the sentient beings16 [thus humans
and non-humans alike] affected by an action should be
taken equally into consideration in assessing the action”
[49]. Giving more weight to human beings is a kind of
speciesism, an attitude as arbitrary as sexism or racism. He
considered the animal liberation movement as comparable
to the liberation movements of women and people of color.
Singer thus attributed intrinsic value to the experience of
pleasure and pain, thus not directly to beings in general but
more specifically to sentient beings. Thus, plants species or
landscapes or rivers do not hold any intrinsic value
according to this school of thought and therefore it is
unclear if a utilitarian ethic can also be an environmental
ethic.

Deontological ethical theories maintain that the
rightness or wrongness of an action is unrelated to its
consequences, good or bad. The intention is essential, not
simply the outcome. Tom Regan [74], also an animal-rights
advocate, posits that animals have rights, which should not
be violated by practices like hunting or laboratory experi-
ments on animals, whatever good may be expected of them.
He came up with a criterion for defining a being which
deserves a respectful treatment: it called it a “subject-of-life”,
i.e. it should have perceptions, expectations, longings,
memory, a sense of the future and somekind of psychological
identity over time. A weaker version of this criterion, called
biocentrism, is concerned with “teleological-centers-of-life”,
i.e. beings endowed with a well-being of their own deserve
being credited with intrinsic value.

More recently, a solution to the paradoxical tension
between the two approaches was proposed, whereby it is
assumed that there are two complementary conceptions of
intrinsic values, the consequentialist one which supports
the state of affairs and the deontological one which respects
entities for themselves.

All of the above approaches are individualistic, i.e.
refer to individual beings. But what about ecological
wholes, ecosystems, that need to be preserved? The
statement of Leopold (land ethics): “a thing is right when
it tends to preserve the integrity, stability, and beauty of
the biotic community. It is wrong when it tends
otherwise”, was revived by J. Baird Callicott [75]. “In
this theory, the earth’s biotic community per se is the
sole locus of intrinsic value, whereas the value of its
individual members is merely instrumental and depen-
dent on their contribution to the “integrity, stability, and
beauty” of the larger community” [49]. This position was
dissected and accusations of ecofascism were addressed
to Callicott: he eventually changed his position and
acknowledged that both ecosystems and individual
species have intrinsic value. The controversy is not
resolved yet.

Virtue ethics considers the quality of actions, thus thick
concepts like kindness, honesty, sincerity and justice,
rather than the thin concepts involved in consequential and
16 i.e. beings who are capable of experiencing pleasure or pain.
deontological ethics and it questions the moral reasons for
acting one way or another. As the central issue of virtue
ethics is “human flourishing”, it would seem to be an
anthropocentric approach. But since love and appreciation
of nature is part of human flourishing, the approachmay be
seen as ecocentric as well.

Note, finally, that the built environment can be
included in the framework of Environmental Ethics, with
some minor adjustments: after all, a city is an ecosystem of
its own with a specific kind of local biodiversity. A single
ethical theory would include both built and natural
environments, thus erasing the traditional distinction
and higher value of wilderness against the artifactual,
questioning the intrinsic value of non-human things and
steering away from what some have called “biophilia”.
Robert King [76,77], Andrew Light [78], Clare Palmer [79]
and Warwick Fox [80] are working in this direction.

The review proposed in Sections 6.5 and 6.6, gives an
idea of the diversity of approaches and standpoints exposed
in the Environmental Ethics literature, which has exploded
since the 1970s. There is a pragmatic dimension in this field
like in other scientific domains, whereby authors explore
new directions of thoughts, with the traditional tools of
philosophical discourse. There are also clearly schools of
thoughts, which differ and do not claim a coherent
approach for the whole domain, are ripe with controversies
and entertain harsh discussions. A practically-minded
person, focused on making use of the production of the field
for example for political action, is left with many open
questions and options (cf. Sect. 6.7).

Among pure philosophers, Michel Serres (born 1930)
holds a special place, given his background as a philosopher
of science and his gift as a writer [81]. He explained in 1990
in the Natural Contract [36] that the old Social Contract of
Jean-Jacques Rousseau (cf. Sect. 6.1) is no longer sufficient
today to account for the complexity of the relationship
between society and nature: a contract of mankind with
nature should be put in place to complement the contract of
mankind with itself; this would mean giving Nature both
intrinsic value in the sense of ethics and legal entity in the
sense of law (cf. Sect. 7), complete with a Universal
Declaration of the Rights of Nature, similar to the Universal
Declaration of Human Rights, and the possibility for
Nature to fight for its rights in court. Lawyers have not yet
found ways to implement this approach, except in the very
few countries, where non-western culture has been given
the floor (cf. Sect. 7).

6.7 How do various institutions fare regarding
Environmental Ethics?

International Institutions acknowledge the burden of the
threats posed by environmental issues, especially the most
pressing ones such as climate change or the drop in
biodiversity, and they have developed methods and
programs to deal with them. This is true of the United
Nations, of the European Union but also of the Catholic
Church. At a more local level, most National governments
have developed a framework for their sustainability
commitments (cf. Sect. 7) and business has joined in,
helped or corralled by NGOs specializing on environmental



18 These are externalities, in the language of economists.
19 This is no less than an attempt at solving the matter of Climate
Change by bringing back population to pre-industrial levels, a
genocidal proposal of massive proportion. Note that some
ethicists have been playing with such ideas, like Rolston (1996)
for instance, who claimed that (some) humans are a kind of
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issues. Moreover, political activists have organized in
Green Political Parties which push a green agenda within a
doctrine of more general political and social objectives,
often leaning to the left.

The questions raised in this section are of a different
nature from those that ethics deals with, since the matter is
about social and political action. It is therefore necessary to
produce original developments in the fields of philosophy and
of social sciences, which will be reviewed in the present
section.

The quasi-universal answer to environmental issues at
the level of action, political or otherwise, is Sustainable
Development or Sustainability (cf. Sect. 5.2). The concept
was introduced in the Brundtland report to the UN
published in 1987 [82] but commissioned in 1983, i.e. at a
time when Environmental Ethics was still a very young
discipline. Sustainable development is defined as develop-
ment that meets the needs of the present without
compromising those of future generations. The focus is
on present needs, with the poor in the world as the main
target and the fact that economic and social conditions put
limitations on the ability to meet present and future needs;
as pointed out earlier, it also a kind of contract of the
present with the future, in this case future generations. As
explained earlier (cf. Sect. 5.2) and elsewhere [59],
Sustainable Development is not an objective statement
of what can actually be achieved in the future but rather an
inspirational goal, moral and ethical in nature, on which
political institutions and other societal stakeholders should
focus.

There are clear philosophical, political and economic
precursors to the Brundtland concept of sustainability, for
example John Stuart Mill [83], who acknowledged that
beyond a development stage came a stationary stage,
because “the increase of wealth is not boundless”. Thomas
Malthus was also a precursor, although a more pessimistic
one. And the Club of Rome led by Dennis Meadows
reaffirmed these worries [84], in line with the publications
of John Ehrlich [43].

When the concept of sustainable development was first
introduced in the Brundtland report, it was clearly
anthropocentric. Non-human beings or things did not
belong in the formulation for their own sake but rather as a
means to guarantee the present and the future of human
societies, a consequential argument.17 The recent evolution
of the concept of Sustainable Development hardly moved it
beyond that point. However, all environmental burdens
and issues were included in the definition of Sustainability,
as soon as they were identified, such as, for example,
biodiversity, water scarcity or climate change: “objective”
scientific facts were more readily acknowledged than new
philosophical approaches.
17 Forests, rivers, oceans and other ecosystems, including the
natural species living in them, constitute a stock of ecological
capital from which all kinds of goods and services flow (concept of
sustainable yield). This economy-based concept is resisted by
Strong Sustainability theorists: in their views, natural or
ecological capital cannot substitute for ordinary economic capital
and vice versa.
The Brundtland report pays less attention to limits than
Mill, Malthus or the Club of Rome. The focus is more on
fairness for the poor of the world and poor countries and on
the challenges that the goals of equity and inclusion raise.

Garrett Hardin stated that “the population problem has
no technical solution; it requires a fundamental extension
in morality” [85] in a famous article dedicated to what he
called the tragedy of the commons, i.e. common resources18,
because they are the subject of degradation and extinction:
indeed, he says, society is driven by self-interest and even
by corruption, which have no room for commons. Thus,
development goals, like the UN’s sustainability goals (cf.
Fig. 1), are not sufficient to provoke the conservation of
nature; there are also moral obligations, at individual and
collective levels, to which one should abide.

Another important paper by Stephen Gardiner [86]
analyzed the case of climate change and tried to diagnose
why political action to put the phenomenon under control
has been weak beyond the declarations of international
treaties like the Paris Agreement of 2015. He explained that
the matter of climate change is first of all a moral matter,
which raises a number of ethical questions which are so
complex and numerous that they behave like a storm, a
moral storm, indeed a perfect moral storm. And, he went on
to say, this makes us vulnerable to moral corruption. This
is due to the multiplicity of agents and players and to the
egoistical drive for self- interest pointed out by Hardin.

An example of moral corruption is proposed by Bruno
Latour [87],whoposits thatthe “super-rich”haveactually fully
analyzed the risks of climate change, for example a
catastrophic increase in temperature of more than 6°C, but
they believe they can survive it in isolation as a small
community, contrary to the rest of the population, which,
anyway, they consider as responsible for the present
disorders19 [88].

A number of philosophical developments are still
necessary to help policymakers make decisions about
environmental issues. These are the principle of responsi-
bility, the precautionary principle and lesser rules like the
polluters-pays rule or the waste hierarchy.

Hans Jonas (1903–1993) has dealt, rather courageous-
ly, with the moral question of whether future generations
have rights in his 1979 book, the Imperative of Responsi-
bility20 [89]. His argument is that the question has no
answer in the framework of classical ethics, with focuses on
planetary “cancer”. He maintained that while “feeding people
always seems humane… when we face up to what is really going
on, by just feeding people, without attention to the larger social
results, we could be feeding a kind of cancer.”
20 The title has been chosen as an answer to the book of Ernst
Bloch, the Principle of Hope, which supports the Marxist view of
an utopian future in which progress can continue indefinitely, if
properly stirred at a political level. A position in 1954, when the
book was published, which was already passé.
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the individual, and that a new principle has to be added,
that of “our” responsibility for mankind in general, the
planet as a whole, non-human beings or things and future
generations which are not born yet and thus would
“normally” not be able to claim any rights – thus not a
responsibility for our own actions, but one based on a
benevolent view of mankind and its fate on Earth. This, he
says, is a matter of survival, as the fact that the connection
between mankind and nature has been inverted in recent
times calls on new rules and new approaches21. The book,
which addressed a more general public than the Environ-
mental Ethics cognoscenti, was received with hostility by
some, in France, for example, but politicians saw it as the
opening they were looking for to base their decision-making
related to environmental issues and more generally to
technology. Jonas gave them an open-ended program based
on the concept of respect for others.

The precautionary principle is seen as derived from the
ideasof Jonas, butat the level of the lawrather thanof ethics.
It is a translation of theGerman expressionVorsorgeprinzip.
It was introduced at the Rio Earth Summit in 1992, i.e.
contemporaneously to the Brundtland report, 20 years after
Jonas’ book. The idea is that legislation should take
discretionary steps to bar chemicals (and materials) or
technologies that may cause harm to the environment or to
people (this includes food) to alleviate risks of a serious and
irreversible nature, even if science has not yet provided
definite proofs of harm.22The precautionary principle is now
strongly anchored in EU regulations and hence in the
legislation of Member States. Its use, however, is sometimes
overextended, when politicians hesitate on what course of
action to take, or the principle is not used, for example when
industrial lobbiesconvince theauthorities that the case isnot
clear enough tomake a decision, like in the case of pesticides
(neonicotinoids), herbicides (glyphosate) and endocrine
disruptors. Note that Jonas, who is often seen as a precursor
of the precautionary principle, called it an example of the
heuristic of fear [89].

The polluter-pays principle is an internalization of
pollution costs, in the sense of economics, in a logic of
reparation and prevention. It offers a solution to the
resolution of pollution issues, which law and courts have
been relying upon. It does not necessarily imply a direct
responsibility for the pollution event in the sense of
traditional law, but rather in the sense of Jonas. Direct
responsibility is often the case, though, but the principle is
being applied to situations which are more ambiguous, like
Greenhouse Gas (GHG) emissions, which do come out of a
smokestack or of an exhaust pipe (the polluters), but may
be considered as the responsibility of the whole value chain
21 «Agis de façon à ce que les effets de ton action soient
compatibles avec la permanence d’une vie authentiquement
humaine sur terre ».
22 “In order to protect the environment, the precautionary
approach shall be widely applied by States according to their
capabilities. Where there are threats of serious or irreversible
damage, lack of full scientific certainty shall not be used as a
reason for postponing cost-effective measures to prevent
environmental degradation” (UN declaration).
which led to these emissions and, why not, mostly of the
energy resource producers [90].

The waste hierarchy is a detailed rule used to prioritize
between ways of disposing of anthropogenic waste: it
establishes a petty order, where avoidance stands at the
highest ethical level and landfilling at the lowest. It thus
points out to the “best” solution that ought to be selected in
an ecodesign approach but also opens the way to trade-offs
among various solutions, which raises ethical issues.

One important philosopher and sociologist, Ulrich
Beck (1944–2015), rejected the separation of disciplines
implied in the previous analyses and explained that the
present intimate connection between nature, the bio-
sphere and mankind or the anthroposphere is not simply a
historical development that describes a collision between
separate histories but rather the result of the historical
evolution of society itself. Society has been creating risks
which it has to face and deal with, not as an exogeneous
phenomenon but rather as an endogenous one. Politics
meets Ecology in his Theory of Risk book, at an ambitious
and fascinating level [91].

The Catholic Church is also an important institution,
especially since western culture and the science, technology
and attitudes to the environment that it vehiculates are
deeply influenced by Judeo-Christian tradition. The quotes
from the Bible mentioned in Section 6.5 have long been
tempered, for example by the views of Francis of Assisi
(1181–1226). In 1997, Pope John-Paul II declared [92]: “in
the name of an idea inspired by egocentrism and
biocentrism it is being proposed that the ontological and
axiological difference between men and other living beings
be eliminated, since the biosphere is considered a biotic
unity of undifferentiated value23.” More recently, the Holy
Sea published the Encyclical Letter Laudato Si’ [93], which
explicitly adopts the concept of Sustainability: nature
should be preserved and the role of human beings should
take proper care of the Earth, “to till and keep it”, rather
than brutally “take dominion” of it

Business (Corporate Sustainability Reports, Corporate
Social Responsibility) has also embarked into some
versions of Sustainability, as analyzed in [59]. They do
not necessarily conformwith the most advanced versions of
environmental ethics but they demonstrate a willingness to
deal with the responsibility, Jonas’ style, that they feel
towards the environment. CSR covers a wide range of
styles, from genuine pro-active attitudes to coarse
greenwashing.
23 If this statement looks like an opening towards bio- or
ecocentrism, the address goes on to say: “If humanity today
succeeds in combining the new scientific capacities with a strong
ethical dimension, it will certainly be able to promote the
environment as a home and a resource for man and for all men,
and will be able to eliminate the causes of pollution and to
guarantee adequate conditions of hygiene and health for small
groups as well as for vast human settlements” –which reverses
back to an anthropocentric position, mitigated by the religious
view that “it is the relationship man has with God that determines
his relationship with his fellows and with his environment”.
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The case of environmental NGOs is even more diverse,
especially since some of them, like Greenpeace, tend to be
on the activist side of environmentalism.

7 Environmental laws, codes and regulations

Environmental law is both hard and soft law and relies as
much on science, the science of Life and scientific Ecology,
as it does on traditional law approaches. As such, it is fairly
fluent in what we have called environmental issues (EI),
including the most recent ones of them.

Environmental law is broad and ambitious, calling on
solidarity and reconciliation –between the partisans of
growths and those of ungrowth – as a way to deal with the
EI [94]:

–
 it has adopted the concept of SustainableDevelopment and
is therefore universalist in time and space, thus recognizing
that EI do not stop at national borders and that they
propagate into the future; it is fertilizing all thefields of law,
playing the role of a guiding principle, and environmental
law is now included in the constitutions of many countries;
–
 it is federating law and science, life and social sciences
especially;
–
 it is a law of Life;

–
 it makes it necessary for the lawmaker and the lawyer to
think in a different way, i.e. start from first moral
principle in a hermeneutics way and then move on to
specify objective targets to deal with focused practical
issues (e.g. emission limit on dioxins);
–
 Environmental Law is a systemic law which ambitions to
deal with economics, politics and the connection that
both have to entertain with nature and life “in a holistic
approach of milieus, cycles and natural equilibria, always
under the threat of entropy but which base the elements
of their renaissance in their decomposition” [94];
–
 it takes stock of the fact that public opinion is aware that
progress brings threats for the survival of species and for
human health;
–
 it is a law of citizen commitment and of duties to carry
out as much as of rights to claim;
–

24 Lawyers define the two concepts slightly differently from
ethicists: anthropocentrism states that only humans have rights,
whereas ecocentrism attributes rights to nature (understood as
what is not human or has not been touched by humans) as well.
Having rights does not mean being a legal entity however, another
level of subtlety in law concepts.
Environmental Law should solve the apparent contra-
diction between legal certainty and uncertainties related
to environmental or health threats, and this is where the
precautionary principle steps in.

The Stockholm declaration of 1972 was the first global
international statement on the connection between
mankind and nature. It said, in its first principles:
“Man has the fundamental right to freedom, equality and
adequate conditions of life, in an environment of a quality
that permits a life of dignity and well-being, and he bears a
solemn responsibility to protect and improve the envi-
ronment for present and future generations” [95] and: “the
natural resources of the earth, including the air, water,
land, flora and fauna and especially representative
samples of natural ecosystems, must be safeguarded for
the benefit of present and future generations through
careful planning or management, as appropriate” [96]. The
Rio declaration followed up 20 years later, which mod-
ernizes the language and broadens the scope of “environ-
mental protection” [97].
Thus, Law has picked up EI and developed a framework
to deal with them, in resonance with its disciplinary
methods and culture, roughly at the same time as the other
stakeholders in the areas, i.e. the second half of the 20th
century. Law was not particularly late, if one overlooks the
delays that some countries introduced in its implementa-
tion, but it developed on its own, not necessarily looking for
conceptual support from other fields.

Reference to Environmental Ethics, however, is not
common in the Law literature and it would seem like
Environmental Law is stuck in the earlier debates on the
anthropocentric role of man to protect the environment
and on the reasons for protecting it, in most parts of the
world – as the constant reference to the Stockholm
declaration would seem to attest. This would be a
reductionist view, however, as environmental law seems
to have been built directly on science, or so it claims [94],
and to have short-circuited the ethics debate which
proceeded also at its own pace: “les partisans de
l’anthropocentrisme et ceux de l’écocentrisme en sortent
affaiblis puisqu’il est difficile de nier les droits de la nature
et les droits de l’homme24” [94].

Environmental Law has been organized at national and
international levels [98] since the end of the second world
war, with different accomplishments in different parts of
the world. The International Convention for the Regulation
of Whaling published on 2 December 1946 stands as one of
its first impersonation.

Environmental Law is being implemented at supra-
national levels, the Federal government in theUS and the EU
in Europe and of course also at national levels. The UN and
various other international agencies are in charge of some of
the major environmental issues of world dimension, like
Climate Change (the UNFCC), biodiversity, stratospheric
ozone, acid rain, etc. (cf. [99]). Environmental Law is
organized in many countries in an Environmental Code
[100,101] and key principles are included today in many
constitutions.

Lesser issues, such as more local pollution issues, are
handled at national or supra-regional levels.

Recent developments [18] have given legal status to
environmental things like a river or a lake in India and New
Zealand. In Ecuador, since 2008, Nature has been given
“intrinsic” rights: Mother Earth, Pachamama, has thus
become a legal entity.

What is happening, is that Environmental Ethics, a
euro- or western-centric discipline, has been discovering or
reinventing concepts which are common in non-Western
traditions, either philosophical or religious. Present, post-
modern thinking is thus reverting back to ancestral natural
philosophy!
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8 Measuring the social and environmental
values of objects, technologies and services

In the burgeoning struggle to develop new ways of dealing
with modernity and post-modernity, the methods that
were devised to bring numbers and measurements into the
fray hold a special place that calls for a particular
discussion in this article.

Historically, the first such method is Life-Cycle
Assessment, LCA, which was also invented in the
1970s and is born of the marriage of physics (mass and
energy balances) and accounting (financial balances)
[102]. The point was to devise practical ways to bring
environmental issues on board within the culture of
industry, therefore to use the languages of business
managers and engineers. The focus was clearly on
emissions and on their environmental impact, pollution.
The approach was pragmatic, based on the understand-
ing that environmental issues of various importance were
being acknowledged and that they called for action from
the side of industry, which was seen at the time as the
major source of the problems.

LCA developed briskly and quickly, adopting the
language and worldview of sustainable development, while
taking on board environmental issues, health issues and a
category of social issues related to labor law [103]. In
parallel, the field attracted the attention of that part of the
legal world that deals with standards and this gave birth to
a series of ISO standard.25 It is interesting that LCA, for
example as it is taught in higher education institutions, is
defined and explained from the standpoint of standards, an
interesting case of metonymy!

LCA does not connect clearly to the concepts defined by
Environmental Ethics, as the fields grew in parallel and
were not necessarily aware of each other, an exacerbated
case of silo behavior. Some researchers, though, have
attempted to bridge the gap [104].

A post-mortem analysis would conclude that the field
started as an anthropocentric endeavor, with researchers in
LCA scrambling to bring fixes to environmental issues. The
focus on the environment, rather than on the business-
economic and the social dimensions, attracted LCA towards
thescientific ecologysideof thedebate,under the influenceof
the academics who started to take charge of the field.26 This
probably explains why the developments stemming from
universities have been hard science-centered.27 On the
whole, however, LCA is an applied science at best, probably
rather a technology.
25 The ISO 14040/14044 series.
26 thus based on a lopsided understanding of sustainability.
27 This includes the developments related to toxicology and
ecotoxicology and, more generally, the tendency to transform
LCA into a “theory of everything”, somewhat similar to what
high-energy physics has been attempting to do, although with
widely different tools and approaches.
More recently (1990s), the field arrived at the concept of
areas of protection [105], which has been the subject of many
arguments anddiscussionsbut aimsatunifyingamultitudeof
indicators28 on the basis of the classical dichotomy between
nature and mankind, i.e. between the technosphere or the
anthroposphere and the biosphere and the geosphere. Note
that conceptual innovation was meant to solve a practical
hurdle, that of simplifying overly complex LCA analyses for
the benefit of decision makers. The concept of intrinsic value
seems irrelevant in this particular context and the approach,
although taking onboard aholistic view of the physicalworld,
does not acknowledge the attempts of environmental ethics to
propose adifferentworldviewthatmightalsobenefit theLCA
community. Other methodologies were invented to alleviate
thedownsidesofLCA,namelyMaterialFlowAnalysis (MFA)
and other approaches like Sustainable Technology Assess-
ment (STA). Where LCA looked at the world from a micro-
standpoint and then added things up to build a more macro-
vision,MFA looks at flows ofmatter or energy at a large scale
and thereforeacknowledges that large-scale systemsareat the
core of things and that relationships, connections, networks
are key to a proper vision of how the world operates. This
introduces a kind of thermodynamics of ecology, with
concepts like entropy available to capture some features of
the system, which would otherwise remain obscure. This also
connects with the concepts of Deep Ecology and of Actor
NetworkTheory (ANT).The foreword of this article (Sect. 1)
already touched on these matters.

Both methods have to deal with the matter of defining
the system in which they operate (the functional unit of
LCA, for example): this introduces a bias in the way they
describe the world. I would tend to think that both LCA
and MFA are intrinsically anthropocentric, although they
could probably be steered in an opposite direction, if more
moral weight was given to “nature”29.

9 Conclusions

The connection of mankind, i.e. society or the anthropo-
sphere, with nature and the environment, also called the
biosphere or the ecosphere, has been taken for granted since
the end of the 20th century in the general public and also in
scientific and industrial circles. The buzz word is
Sustainability or Sustainable Development. Everyone
seems to have adopted it as an ethical objective, from
the side of business, environmental NGOs, political
institutions and actually almost any stakeholder, at
regional, national, supra-regional or world level. This is
particular true in the activities related to materials.

This is a fairly new development, dating back to the end
of the 20th century, when pollution and other serious
environmental issues have attracted attention and called
for action. When alarms were sounded, the science of the
environment, ecology, developed and brought some
28 The initial areas of protection were: human health, man-made
environment, natural environment, and natural resources.
29 Industrial Ecology, which started (on the right foot) as the
metaphor of the anthroposphere based on the model of the
biosphere, ended up actually as an anthropomorphic discipline.



J.-P. Birat: Matériaux & Techniques 107, 102 (2019) 17
scientific insight into the complexity of the phenomena
involved. Political activism also grew, driven by some
social NGOs and by green political parties in the US and in
Europe. Law pitched in with its own sensitivity and
developed a framework of legislation and regulation, which
is now tightly embedded in the life of the economy, industry
and business, even if, in a country like the United States,
this is presently being unraveled by the EPA commissioner
(2017–2018).

This has created a rather deafening background noise,
which has been difficult to understand and to analyze.
Thus, the question arose of whether there was any
coherence among these different approaches and, if the
answer was yes, how could it be highlighted?

When in doubt at an intellectual level, then ethics and
philosophy may bring some useful insight.

After taking stock of the general public’s understanding
of the status of nature and of society and identifying what is
called environmental issues today, ripe with deep uncer-
tainties concerning the future of society and of nature itself,
the article has reviewed what philosophers said about the
matter.30 Initially, Nature left the realm of philosophy to
enter that of science, when the two disciplines separated at
the end of the Middle Ages in Europe. But as soon as
Nature ceased to be a tabernacle in which mankind could
safely live, i.e. in the 20th century, as a consequence of the
scientific and industrial revolutions and of subsequent
population growth, Philosophy lived up to its responsibili-
ties and started to develop the field of Environmental
Ethics, at the same time as the other stakeholders,
scientists, lawyers, economic players, civil society institu-
tions, policymakers and politicians or technologists
measuring the social and environmental value of human
activities weremoving forward. Philosophy started from its
own culture and intellectual concepts to develop a rich and
fairly practically-minded body of work. They can be briefly
summarized by the concept of intrinsic value, which can
then be declined into anthropocentrism, biocentrism and
ecocentrism. Not all approaches have converged yet at a
30 One common buzz word in the general public is that the planet
is in danger and that we ought to save it. However, the present
environmental predicaments seem to put society in danger, rather
than the planet itself. In the geological past, more serious changes
in environmental conditions have taken place and the planet has
survived, due to the robustness of the mechanisms on which life is
based and which we call evolution. However, we are all
anthropocentrists and we would probably wish for mankind to
survive without gambling our future by playing the dice of
evolution!
theoretical level, although they are not so far apart at a
practical level: law is still deeply and mostly anthropocen-
tric while ecology, the science, is definitely ecocentric;
environmental ethics is split among a variety of schools of
thought, which are evolving, somewhat like nature is!

These considerations should help scientists and engi-
neers, foremost of which those of the world of materials,
become more environmentally aware in performing their
missions and their duties, which are so deeply related to
nature at so many different levels.

To tackle the challenges of environmental issues as they
are posed today and to avoid catastrophes, it might be
necessary in the future for all social players and for people
of the world of materials to follow the steps of
environmental ethics and to move up from anthropocen-
trism to the broader vision of ecocentrism.

The standpoints we have been representing here are
mainly related to Western culture, which has a strong
Judeo-Christian basis related to the Bible as a philosophi-
cal and conceptual background. Like most Social Sciences,
they have therefore a definite ethnocentric bias. As the
author has learned, teaching this kind of views in China for
example, as part of a course on “sustainable materials
science”, � or in other parts of the world like Africa with
different cultural and philosophical traditions – may
present a challenge to the “professor” [106].
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Appendix A: Environmental words in various languages
English French German Spanish Chinese Japanese

nature nature Natur naturaleza 性质 (Xing) 自然

environment environnement Umwelt ambiente 环境 (Huánjìng) 環境

ecology écologie Ökologie ecología 生态 (Shengtài) 生態学

philosophy philosophie Philosophie filosofía 哲学 (Zhéxué) 哲学

ethics éthique Ethik ética 道德 (Dàodé) 倫理

precautionary
principle

principe de précaution Vorsorge
prinzip

principio de
precaución

预防原则
(Yùfáng yuánzé)

予防原則

polluter-pays-
principle

principe pollueur-
payeur

Verursacher
prinzip

el que contamina
paga principio

污染者付费原则
(Wūrǎn zhě
fùfèi yuánzé)

汚染者は原則を支払う

principle of
responsibility

principe
de responsabilité

Prinzip der
verantwortung

principio de
responsabilidad

责任原则
(Zérèn yuánzé)

責任の原則
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