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ECOLOGICAL FOOTPRINT

Ecological systems are characterized by entropy. In the natural or anthropogenic systems, entropy is defined by the degree of

disorganization in that system and is analogous to the term used in thermodynamics.

A higher entropy means an increased disorganization and a decrease of entropy appears with order.

The ecological footprint can be considered:

The biologically productive terrestrial and aquatic surface which is necessary for the production of 
the resources destinated for the consumption and assimilation of the produced wastes.

An indicator of sustainable development used for the assessment of anthropogenic pressure on the 
environment. 

A global or zonal assessment element that measures the total quantity of material and energy 
resources associated with an ecosystem. 



ECOLOGICAL FOOTPRINT

The reorientation of the economy towards a superior capitalization of human capacities and of nature is favored, taking 

into account the social and economic effects of the development modalities.



ECOLOGICAL FOOTPRINT & CLIMATE CHANGES

In the last decades, a wide variety of anthropogenic activities have begun to affect the climate.

The Limits to Growth (Jay Forrester, 

Dennis Meadows):
 Population;

 Natural resources;

 Industrial production;

 Agricultural production;

 Pollution.

Specific points:
 The world can be considered a homogeneous unitary system;

 If the current exploitation trends will continue, the system will collapse in the

middle of the 21st century;

 To prevent collapse, an immediate slowdown in economic growth should be

initiated, leading to equilibrium in a short period of time.

Conclusions:

 Until the end of the 21st century, without major

technological and economical changes, society will

no longer have renewable resources.

 Fragmentary and individual actions will be

unsuccessful.

 Resolution: a simultaneous solution to the resources

and pollution problems.

 The collapse of the system can be avoided by an

immediate limitation of the population,

simultaneously with stopping the economic growth.

Limitations:

 Limited number of variables;

 The global stages of development are not

considered;

 Not enough attention is paid to the

possibilities offered by technological

progress;

 The model is technocratic and social and

political factors are not included.



Mesarovic - Pestel model:

Society should be treated as a living system, whose evolution has at first a rapid, exponential growth, so that in the 

next period there will be a slowdown and then a stagnation, without stopping the operation of the system. 

Principles:

 The world can be analyzed only in relation to the differences of culture, tradition, economic development, or as a

system of regions, which are interacting. A homogenous vision can be misleading.

 To analyze the global system based on the model, a stratified scheme is used: the environmental, technological,

economical, socio – political and individual layers.

 Rather than the decay of the system, collapses can occur regionally, in different areas and moments. As the world

is a system, these catastrophes will have consequences for the entire world.

 The solution to avoid these catastrophes can be found only in a global context, through actions corresponding to

this level. Otherwise, no region will be able to avoid the consequences.

 Such a solution can be applied only through a balanced growth, analogous to organic growth.

 Delays can be fatal, so it is necessary to develop a survival strategy.

ECOLOGICAL FOOTPRINT & CLIMATE CHANGES



CRITICAL RAW MATERIALS 

2020 Critical Raw Materials (new as compared to 2017 in bold)

Antimony Fluorspar Magnesium Scandium Titanium 

Baryte Gallium Natural Graphite Silicon Strontium 

Beryllium Germanium Natural Rubber Tantalum 

Bismuth Hafnium Niobium Tungsten 

Borate Heavy Rare Earth Elements Platinum Group Metals Vanadium

Cobalt Light Rare Earth Elements Phosphate rock Bauxite

Coking Coal Indium Phosphorus Lithium

The deployment of renewable energy generation and e-

mobility solutions has translated into raw materials demands, 

leading to “new entries” such as lithium, which was never 

included in the previous lists. Moreover, many of the raw 

materials assessed in the 2020 list are also essential for the 

development of other strategic sectors such as defense and 

aerospace, robotics and digital technologies, and 3D 

manufacturing.

Several efforts have been made for the partial or total 

substitution or recycling of critical raw materials for 

various applications, but serious difficulties appear 

when the usage of known critical materials is 

correlated with the basic functionality or required 

performance of the final device.



CRITICAL RAW MATERIALS 

Supply risk indication

Critical and non-critical 

raw materials use in 

different technologies 

(selected top-25 

materials) 



CRITICAL RAW MATERIALS SUBSTITUTION 

To reduce or totally replace the critical metals from the composition of advanced materials some changes have

been made, but challenges arise when the performances of the obtained product depended on them.

To decrease the high demand for critical materials, various strategies have been developed to modify the

established technologies or to design new materials with similar properties but with a lower content of CRMs.

New design strategy for materials, 

using the life – cycle – thinking

concept, based on a new alloy 

family, that promises improved 

performance and compliance with 

the REACH regulations. 

Solution:



CRITICAL RAW MATERIALS SUBSTITUTION 

The new materials will improve the rational raw material use, recyclability, part durability and have a

low critical metal content.

The new alloys have the potential to reduce the raw materials consumption and substituting, where it is

possible, the critical metals content.

Another important aspect is the recycling potential of the new materials, that has a major impact in

reducing the industrial ecological footprint and the impact on climate changes.

Complex concentrated alloys (CCAs) are a new family of materials that have a distinct 

design strategy, due to their multitude of attractive characteristics, such as high hardness, 

good wear resistance, fatigue resistance, superior thermal properties, low elasticity modulus 

values, and/or increased oxidation and corrosion resistance

The multi-principle nature of complex concentrated alloys and the unique structures they produce have

a significant effect on reducing the critical raw material contents in materials with specific properties.



CRITICAL RAW MATERIALS SUBSTITUTION WITH COMPLEX CONCENTRATED ALLOYS 
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CONCLUSIONS

• The ecological footprint is an indicator of sustainable development that aims to calculate the anthropogenic

pressure on the environment;

• A topical issue is the irrational exploitation of natural resources – CRMs;

• To decrease the high demand for critical materials, various strategies have been developed to modify the

established technologies or to design new materials with similar properties but with a lower content of

CRMs;

• Complex concentrated alloys are a new family of materials that are based on the existence of a major

element, that influence the properties of the material with the addition of alloying elements, which improve

the final structure of the metallic material;

• It is necessary to identify balanced solutions between industrial development and environmental protection;

• Changes in the ecosystem indicate that anthropogenic demand has exceeded the regenerative and absorbing

capacity of the biosphere. Therefore, controlled management of human interaction with ecosystems is

essential to ensure sustainable development in the future.




