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Abstract: The basis of human societal existence is a com-

plex interaction between social, environmental and indus-

trial aspects resulting in the consumption of the environ-

ment for wealth generation. In combination with the actual

scope of human industrial activity and population develop-

ment this has led to a currently exceptional planetary sit-

uation, which is characterized by unprecedented environ-

mental pressures. In order to develop a strategy on how in-

dustrial activity, especially themineral rawmaterials sector

and its downstream industries, can develop more sustain-

ably, various sustainability models can combined provide

orientation on where the journey should go.
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Nachhaltigkeitsmodelle für effiziente Ressourcennutzung

im Kontext der gegenwärtigen ökologischen und sozialen

Spannungsfelder

Zusammenfassung: Die Basis der menschlichen gesell-

schaftlichen Existenz wird durch ein komplexes Konstrukt

aus Interaktionen zwischen sozialen, ökologischen und

ökonomischen Aspekten gebildet. In Kombinationmit dem

tatsächlichen Ausmaß der gesellschaftlichen Industrieak-

tivität und des Bevölkerungswachstums hat dies zu einer

außergewöhnlichenplanetarenSituationgeführt, diedurch

noch nie da gewesene Umweltbelastung charakterisiert ist.

Um eineStrategie zur nachhaltigeren Entwicklung des Roh-

stoffsektors mit seiner Downstream Industrie entwickeln

zu können, ermöglichen zahlreiche Nachhaltigkeitsmodelle

in Kombination eine Orientierung, wo die Reise hin gehen

kann.
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1. The Basis of Human Societal Existence
and its Status Quo

In theway thehumansocietal systemhasdeveloped, amin-

imumamount ofwealth is required for everybody to obtain

a certain minimum life standard that at the very least en-

sures sufficient nutrition, health, education and housing

and as a result leads to human capacity development ([1,

2]; Fig. 1).

To generate this wealth, economic activity, or more

specifically industrial activity is needed. The basis for this

are raw materials, such as minerals and metals. “They

form the backbone of modern economies and are key to

providingwealth services to citizens around the globe such

as housing, mobility and communication. Sustainability

transitions such as the energy system transformation and

megatrends such as digitization pose extra requirements

on the world economy’s raw material supply” [3]. The

raw materials industry and its downstream industry are

therefore the backbone industrial sector of human wealth.

Raw Materials need to be obtained from the environ-

ment’s natural capital [4], meaning that the environment

provides the industry with relevant provisioning ecosys-

tem services [5] but that at the same time the environment

is being consumed. For their very existence humans are

dependent on the environment and its natural capital for

ecosystem services like the supporting service for soil for-

mation, nutrient cycling and biodiversity but also others

like the regulating and cultural service. Society’s existence

and its interconnected industrial activity for wealth gener-

ation thus need the environment while at the same time

consuming it.

These interconnections in combination with the actual

scope of human industrial activity and existence have cur-

rently led to an exceptional planetary situation, which is

characterized by unprecedented environmental pressures.
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Fig. 1: WealthCreation Inter-
dependencyTriangle,Susanne
Feiel. ©SusanneFeiel

Fig. 2: FullWorld vs. EmptyWorld,HermanDaly, https://greattransition.
org/publication/economics-for-a-full-world (Accessed09.12.2019)

Population growth has drastically increased by unbeliev-

able 6.5 billion over the past 120 years [6]. Close to 8 billion

people live on the planet today, all of them striving for eco-

nomicwell-being for abetter social life. When theeconomic

system came into being some 100 years ago its industrial

activities were insignificant to the planet [7] compared to

theexisting large ecological reality. Environmental impacts

were thus easily absorbed. Only a small fraction of the total

population drove industrial activity. (Fig. 2).

Today society is still under the impression of living in

such an empty world where nature is endless, with only

a small population fraction driving the economy, but actu-

ally since then the world has become very full with a hu-

man—nature ratio that does not leave much space. Thus

themost common socio-economic and earth system trends

have been increasing, meaning not only GDPs and wealth,

but CO2, methane, ocean acidification, surface tempera-

tures, domesticated land, water use, fertilizer consumption,

international tourism, etc. As a result, 75% of all planetary

terrestrial surfacehasalreadybeenalteredbyhumans, 85%

of all wetlands have been lost and 25% of all species are en-

dangered, with a risk of extinction within the next 10 years

[8]. All these trends have started or accelerated since about

1900. (Fig. 3).

This human-driven impact even brought about a whole

new geological age called the Anthropocene, an age in

which human-driven activity has becomemightier than ge-

ological force in driving ecologic and planetary change [9].

Although this human imprint brings along negative

effects for the planet, it results in positive dynamics for

individual human lives. “Since the mid-twentieth cen-

tury, global economic development has already helped

many millions of people worldwide escape deprivation

and for many, this transformation has been accompanied
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Fig. 3: TheGreatAccelerationTrends [22]

bygreater equality betweenwomenandmen, andagreater

political voice” [10].

Whether good or bad, “the dominant feature of socio-

economic trends is that the economic activity of the human

enterprise [overall still] continues to grow at a rapid rate”

[9]. Additionally, population growth is still drastically in-

creasing, projected to stabilize at around 11.2 billion only in

2100 [11]. Furthermore, rawmaterials demand has strongly

increased across all types, leading to unprecedented ex-

traction, supplyandsustainability issues. Statistics confirm

that rawmaterials demand has risen from 43 billion metric

tons in 1990 to 92 billion in 2017 andwith current trends and

no concerted political action, a projected growth to 190 bil-

lion in 2060 [12]. For themoment population and economic

growth cannot be reversed and the question that remains

is how to relieve the environment despite these trends.

2. The Road to Sustainable Industrial
Development

To develop a strategy on how the mentioned industrial ac-

tivity can developmore sustainably, firstly general sustain-

ability theory and its possible contribution should be scru-

tinized to see what it can do for the endeavor.

The most familiar sustainability model is the three-pil-

lar model, an omnipresent understanding of sustainability,

placing ecology, economy and social matters at its core as

three equally weighty foundations. (Fig. 4).

It has been criticized as too empty, that “a consequence

of the lack of rigor in [its] theoretical underpinnings [. . . ]

is the difficulty in producing operational frameworks for

the characterization of sustainability which remain rooted

in theory. Such applications would [. . . ] have to be context

specific, requiring both spatial and functional boundaries”

[13]. In this sense, relevant spatial and functional frame-

works for specific applications need to be developed but

can be based on this.

Themodel does not acknowledge, however, that the en-

vironment is the service provider for industrial and social

activity as all three pillars are equally weighted. In con-

trast, the discussion around weak and strong sustainability

does acknowledge this. The theory of weak sustainabil-

ity rests upon the assumption that “we can purchase Man-

Made Capital with infinite and abundant Natural Capital”,

asserting that “man-made-resources can substitute natu-

ral resources” [14]. Strong sustainability on the other hand,

per definition has the environment as basis for economic

and societal activity as a non-substitutable factor [15], one

of the reasons being e.g. that the consumption of natural

capital isusually irreversibleas for instancewith speciesex-

tinction [16]. The environment is in fact the basis of human

Fig. 4: TheThreePillarsof
Sustainability, https://www.
thwink.org/sustain/glossary/
ThreePillarsOfSustainability.
htm (Accessed09.12.2019)
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Fig. 5: ThePlanetaryBound-
ariesofStockholmRe-
silienceCenter, https://www.
stockholmresilience.org/
research/research-news/
2015-01-15-planetary-
boundaries---an-update.
html (Accessed09.12.2019)

Fig. 6: TheTwoAspectsofDecoupling,UNEP2011,DecouplingNatural
ResourceUseandEnvironmental Impacts fromEconomicGrowth

existence and industrial activity and once it has reached its

final capacity, there is nothing more positive to gain for the

economy and society.

In fact, this ismirrored inThe Planetary Boundaries, a set

of identified naturally existing limits which “define a safe

operating space for humanity based on the intrinsic bio-

physical processes that regulate the stability of the Earth

System.” Overstepping them may lead “[. . . ] to the begin-

ning of global ecosystem imbalances, the results of which

are unknown” with the risk of “abrupt or irreversible envi-

ronmental changes thatwouldbedeleteriousor evencatas-

trophic for human well-being” ([17]; Fig. 5).

The current status is that three boundaries have been

transgressedwithnegative outlooks. They need to be guid-

ing indicators in all industrial processes.

A fairly new framework are the UN Sustainable Devel-

opment Goals—SDGs—in which countries mobilize efforts

to balance the environmental, social and economic dimen-

sions of human development to ensure a sustainable fu-

ture for all people by decoupling industry’s environmental

impact from its economic activity, the key concept mean-

ing “two things: decoupling economic growth from re-

source consumption (‘resource decoupling’) and from en-

vironmental impacts (‘impact decoupling’)” [18]. (Fig. 6).

The three sustainability pillars are equally weighted in

the framework, so the underlying notion follows a weak

sustainability approach. After all, the agenda follows the

original concept of the Brundtland report in which eco-

nomic growth is seen as the solution to achieve human

well-being and solve environmental problems. However,

the concept appears worthy of a closer look.

The question is how this decoupling can take place in

the raw materials and its downstream industry.
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SDG 12, Responsible consumption and production with

its target 12.2—by 2030 achieve sustainable management
and efficient use of natural resources seems to have a rele-

vant specific scope and guiding potential. The UN [19] and

EUROSTAT [20] have developed indicators to measure the

progress of its implementation inside the EU, but these are

only quantitative. They do not reflect qualitative aspects

of production processes that reflect or influence globally

spread rawmaterials value chains. Clearly, reduced output

of somethingdoesnot automatically imply it isqualitatively

more sustainable. The question is thus, how this relevant

target can be populated with a qualitative indicator frame-

work for sustainable raw materials value chain production

processes that will thus decouple.

As opposed to popular perception, circular economy

cannot provide the key to solving the problem as due to

several restraints such as in-stock use, required material

qualities, required energy input, complex material compo-

sition, material loss etc. [21] it will never be able to com-

pletely supply the system with the needed raw materials

through secondaries. It will be part of the solution, anyhow,

if cleverly designed. In any case, it has led science to look

at materials in their individual production and consump-

tion and reproduction and re-consumption path which can

serve as a valuable contributor to design qualitative life cy-

cle system boundary frameworks.

3. Conclusion

It hasbecomeclear that part of thesolutionof how todecou-

ple environmental impact from industrial production is the

development of system, functional and spatial boundaries

and populate them with qualitative framework indicators

that reflect the environment as basis of all processes. Spa-

tial boundaries according to the circular economy should

comprise analyses for each individual material cycle. Ac-

cording to thecritiqueof general sustainability theory, func-

tional boundaries should be established through a delimi-

tation of each individual production step inside any of these

material cycles. Within each of these production steps then

qualitative indicators like the planetary boundaries should

be applied, ensuring that no production step negatively

influences the biophysical equilibrium. Functional-bound-

ary-interface management is of further crucial importance

as it will ensure the handing over of materials from one

production step to the next is realized with due diligence

in terms of environmental care. Concerning spatial bound-

aries, it is important to spatially place raw materials pro-

duction and its downstream industry somewhere where it

is possible to control the system and its functions. In this

way, an option to decouple impact for Europe is to increase

local production. This is not only important in terms of en-

vironmental aspects but in terms of social aspects, namely

who we want to be as a society. It is time that we take re-

sponsibility for our own consumption behavior and make

sure that our extensive wealth creation activities do not

harm other people and the environment somewhere else

anymore.
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