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ABSTRACT 
The constant increase of population causes the increase of the demand for supplying the basic needs of 
this population. This paper intends to demonstrate the evolution of human needs going thought some 
significant moments of humanity’s history and the need of using accurate measuring tools to balance the 
supply. Such tools can be used as measuring instruments for decision making and to formulate politics for 
society for better sustainability and longevity for humanity and the natural environment. 
 
1. INTRODUCTION 
Environmental impacts caused to the planet have been happening for millenniums, even 
before the industrial revolution. These impacts resulting from the actions of nature, such 
as, earthquakes, volcanic eruptions, have produced geological alterations and climatic 
changes. In prehistoric periods natural environment had more time to recover from one 
environmental disturbance to another (e.g. centuries), this is something that doesn't 
happen in current times (e.g. decades), because the negative impacts happen more 
frequently and some impacts take long to be detected. The longer periods taken to detect 
environmental impacts and the even more frequent occurrence of contaminations result 
in a higher contamination rates. 

Alterations to the environment are more and more evident and these alterations affect 
man and the form that he coexists with natural and urban environment. Negative 
environmental impacts happened mainly in the last four decades of the XX century have 
provoked an awakening to the need of environmental preservation, revolutionizing the 
concepts of companies and society and how they interact with the environment. The 
society that appeared after the Industrial Revolution possessed an anthropocentric 
vision, where all life on earth was centered on man. On the contrary, the new emerging 
is an ecocentric vision focus on man's integration with natural environment. Humans are 
only another species that inhabits the planet and to survive humanity should live 
harmoniously harmony with natural systems. Humans should try to foresee their acts 
and de prepared to act in favor of the needed harmony. 

Berger and Luckmann consider that people don't worry about what is real and with what 
they know until they bump into some problems [1], it can be noticed that environmental 
degradation affects man in a lager manner then he can imagine and humanity is still not 
considering the matter with the needed attention. With growing levels of world 
population and with the need to supply this population with energy (food and fuel), 
resources are becoming scarcer and the need to reconfigure patterns of consumption, 
production and development are more than evident. The perception of this intense and 
irresponsible degradation started the environmentalist movements, with its great 
beginning in the 1960s, with the meeting of the Club of Rome and the publication, in 
1968, of The Limits of Growth, founding a new environmental thought, which soon 
would leave the scientific sphere to spread to the population [2]. To demonstrate the 
strong link among the Post Industrial Society, the environment and the need to use 



analysis tools, a literature review will be aimed at accomplishing a correlation between 
human evolution and energetic needs and the use of the eMergetic methodology as an 
analysis tool for decision making and policy proposals. 
 
2. HUMAN ACTIONS TO ENVIRONMENT, BEFORE THE INDUSTRIAL 
REVOLUTION   

Humans were nomads approximately 10.000 years ago, survival depended basically on 
the collection of nuts, seeds, plants, scavenging and the hunt of small mammals.  
The Ester Island (see box 01) event demonstrates that even before the Industrial 
Revolution many disastrous impacts happened because of the man. Impacts caused by 
the interference of man to natural environment for the supply his needs and not to 
foresee the subsequent consequences. This example of a micro system (in relation to 
Earths system) can demonstrate the damages that the excessive use of resources can 
cause. Earth can be seen in the same way as Island of Easter, the use of resources 
without a fair balance can cause total rupture of the life web and lead to the destruction 
of life as we know it. 
 
 
 
 
 
 
 
3. SOCIAL ORGANIZATIONS SEEN AS DISSIPATIVE STRUCTURES   

The organization of human societies is based on constant unbalances with the entrance 
and exit of social actions, information, politics, and so on, and human reactions promote 
the necessary energy for such convection. The Autopoiese hypothesis of Maturana and 
Varela, has its bases in Prigogine's theory of self organization, living organisms obey 
continuous structural changes while these organisms preserve its organizational pattern 
similar to a web. This hypothesis regards a network of production processes, in which 
the function of each component consists in participating in the production and or the 
transformation of other components in the web [4]. This can be converted for human 
relationships, where one individual alters characteristics and or transforms an 
individual’s characteristic in the social web. Self-regulation can also be seen in the 
theory of Gaia, described by Lovelock, where Gaia is the Earth seen as a living system 
and not as an agglomerate of rocks. The Earth is seen as a system in constant 
movement, change and self regulating, a living system that acts to maintain of its own 
equilibrium.  

It can be noticed that social evolution can also be similar to the notions in the theory of 
Gaia, individuals interact with individuals, in this way sustaining constant movement in 
society. The movement, in this sense, is constant readjustment, culturally and socially in 
a constant cycle. This ever enlarging readjustment needs grater amounts of energy to 
maintain itself. In picture 01 the population increase can be observed since 10.000 years 
b.C and up to 200 a.d. It is possible to observe that the population increase is in an 
exponential way , that is due to the surplus in food production. As explained by Jared 
Diamond this surplus made possible a new social advantage, because not all of the tribe 
would have to work in the fields for food. Energy surplus made it possible of other 
members of the tribe to have the opportunity to dedicate themselves to other activities, 
such as the development of religion, of creation of cultivation technologies, military 

Box 01 - One example of a serious environmental unbalances is the case of 

Easter Island  where almost  the total of its inhabitants risked to be extinct 

around the year of 1000 A.D. 



technologies and so on. But for these activities they consumed larger amounts of energy 
in each cycle. Today the world population is approximately 6.2 billion and for the 
maintenance of such a large population it is necessary a greater amount of energy 
(resources) that has to be administered to promote well being for all and generating 
more complexity to the system. 
 

 
Figure 1. Increase in Population (Adapted from Ponting and Diamond) 

 
4. MODIFYING THE ENVIRONMENT FOR SURVIVAL   

Various cultures through the ages have adapted them selves our adapted nature to 
sustain their needs.  

The Egyptian civilization used the Nile's periodic inundations, for the maintenance of 
their agricultural system that supplied the necessary energy for the evolution of this 
civilization. This system provided great stability in the agricultural production and did 
not need modifications for the subsequent rulers, being only abolished in the beginning 
of the XI century with the introduction of new technologies. The new technologies,  
implemented, did not respect the natural cycle of the Nile River and  took this 
agricultural system, which lasted for centuries, to exhaustion. The ancient Egyptian 
system possessed the advantage of being elaborated in a way that it obeyed and 
respected the natural course and cycle of the river, with the technological interference 
that only regulating the water flow for a better distribution. This technology had a low 
interference in the natural processes of the river [3]. This system can be denominated by 
the current terminology as a "sustainable system". The technology developed by the 
Egyptians worked in a way that it modified certain aspects of nature and even so it did 
not cause destructive side effects in the natural environment. Another known case, of 
environmental modification for survival is the one of an ancient civilization that lived in 
the valley Indus close to the northwest of India. They modified the environment in a 
way that degraded their resources up to the point that this society did not survive more 
than 500 years [5]. This civilization used the rich forests to obtain agricultural areas and 
also for the production of bricks, which had to be dried in ovens using wood again, such 



bricks were for the construction of houses and temples, they also diverted the course of 
rivers to irrigate plantations [5]. In the case of this civilization the modifications in the 
environment were so drastic that they ended up eliminating the natural balance in the 
environment and consequently all of the civilization. Only some artifacts of this 
civilization remained to mark their presence, not even the name of this civilization and 
their destiny are known.  

Observing these two civilizations, it can be noticed that both civilizations transfused the 
natural environment in order to survive.  One used their resources in a sustainable 
manner, living in harmony what the environment provided with, integrating technology 
and nature in a way that is denominated today as environmental technologies, even 
without having the notion of such actions. As for the civilization in the valley of Indus, 
they applied aggressive and destructive technologies to the environment, using their 
water resources and forests in a devastating way, bringing as a consequence the 
extinction of this civilization.  

In both cases, technologies were developed to guarantee the survival of the civilizations, 
but only the sustainable technology that worked in a way that allied it self to 
environment made it possible for survival. On the other hand the "destructive" 
technology had devastating consequences, for the environment and for the civilization 
that developed and applied it. The use of destructive agricultural technologies is evident 
and outstanding in ancient history. A great number of civilizations had their end for 
several reasons, and one of the reasons was the misappropriate use of natural resources, 
exhausting these resources in a manner that the civilizations were extinguished. 
 
5. THE THOUGHT OF HUMAN SUPERIORITY   

The constant modifications that humanity has made in the natural environment can be 
noticed in all the negative impacts that have ocuured during the ages. Mankind sees 
himself as a superior being on earth. 

Capra [4] explains that with the diversity and enrichment of human relationships there is 
an increase in humanity (language, art, thought, culture etc…) and with the human 
capacity of abstract thoughts, humans began to lose the contact with nature. With this 
explanation it can be understood that man sees himself as a being that does not belong 
to the nature, but as a creature who is superior to nature and that nature belonged to him. 

During modern history man constantly "fought" nature. Humanity has been condemning 
the natural environment to destruction to satisfy human needs. But there are people that 
don’t see the need for this destruction and also do not see man as being superior to 
nature, but as a being that is part of nature. This can be seen mainly in the oriental 
cultures. These thoughts echo in humanity's history and in present times. Environmental 
degradation and the risk of not surviving becomes more aware with the development of 
new sciences, technologies and philosophies   that develop means of protecting natural 
and urban environment from degradation. 
 
6. THE BEGINNING OF THE REVOLUTION   

The industrial revolution began in England of the XVIII, due to a series of inventions 
introduced in the process of the cotton production industry. The progress of the 
Industrial Revolution made urban populations increased, provoking an exodus of the 
rural population that was in search of new way to survive.  Two factors that had great 
influence to put the industrial revolution in motion were: 



1) religion had great influence, because the environment was present of God and 
that it should be explored in any way that man desired and that man was superior 
to they nature, as if the nature was created for mankind and not together with 
mankind [6].  

2) British merchants did not market only products, but they also brought in 
intellectual and technological innovations from all parts of the globe. 
Innovations did not consider equilibrium but they only considered profits.  

The improvement of living conditions and of survival, and the increase of the economic 
opportunities have always been accompanied by a population increase that ended in 
consuming the gained profits form the developed technologies. For the first time in 
history, economy and knowledge grew quickly enough to generate a continuous flow of 
investments and of technological innovations. The industrial revolution transformed the 
balance of the power inside nations and revolutionized social order; this modified the 
way of thinking and the way of doing and natural environment was there only to supply 
resources. 

It can be observed that, with the beginning of the Industrial Revolution, it was 
established an economic model that in order for its existence it should be in continuous 
growth. Landes [7] explains that there was a clear redistribution of investments and a 
revision of the concept of risk. A portion each time larger of capital started to be 
invested as fixed costs of production losing the flexibility that was present in the old 
economic system. 

Changes also happened with the workers that before were craftsmen and later factory 
workers. This new form of work brought modifications in these people's lifestyle, 
passing from a productive system, where they could work at home, according to their 
own schedule, to a system that establish production quotas and goals to be 
accomplished. A system that was totally opposite to the old production one. Since the 
expansion of the production systems, originated with the industrial revolution, the 
process of technological knowledge by the common citizen has been more complex and 
distant taking him farther away form the integration with natural environment. 
 
7. ECONOMY AND ENVIRONMENT 

One of the greatest factors that are in conflict with the environment after the industrial 
revolution is economy. Economy has a common origin with the ecology, so these two 
disciplines should interact and work in symbiosis, but it does not happen. Economy is 
based in expansion and this expansion is linear, while ecology (the natural 
environmental system) is based non lineal principals, a holistic vision (possessing the 
form of a web) and not in parts the way economy sees the world.  

The conflict among the Eco’s (economy and ecology) tends to be every time more 
aggressive and unbalanced. The biotic systems are fragile and need longer periods for 
recovery (possessing a "breaking" point and in some cases do not recover). The current 
economy is more devastating and faster than the biotic recovery. The current economy 
model was one of the first environmental impacts of the industrial revolution. 

Ecology prioritizes cooperation, conservation and partnership while economy prioritizes 
competition, expansion and dominance. Pointing [3] comments that the fundamental 
flaw that exists in classic economy and in the derived modern economic systems is that 
all ignore the problem of the exhaustion of the sources. Economy only treats the 
problem of production and distribution of the sources among the different end 
competitors.  



 
 
8. URBAN ENVIRONMENT AND NATURAL ENVIRONMENT 

Durkheim commented by Hannigan [8] in his theory that, society is constituted of a 
social "organism" that has to adapt constantly to the physical and social ambient. With 
the progress of industrialization urban centers increased inordinately due to the lack of 
vision for the need of planning, and by this way creating social disorder and disordered 
occupation of the natural environment. Hannigan [8] comments that, with the ascension 
of modern life, the influence over the physical environment passes to an inferior 
position. Inkekes and Smith observe that a fundamental part in the development of a 
modern sense of effectiveness lives in the capacity to develop a potential domination 
over the environment. With these reflections it can be noticed that man has a notion and 
sense of property over the environment. The ecological destruction of the environment 
has also its explanation and origins in the field of the human ecology.  

Models to represent the impact caused by society over the environment have been 
developed. These models demonstrate how society is acting over the environment and 
tries to alert to the damages caused the acts. The P.O.E.T. (The Population - 
Organization - Environment – Technology) developed by Dunan, represents an 
ecological view in which each element is interconnected with the other three elements 
and a change in one of the elements can affect the other ones. The P.O.E.T model is one 
of the first models applied to analyze the complex nature of ecological ruptures. This 
model presents a structure that is explained in picture 2 [08]: 

 
Figure 2. P.O.E.T.  Model 

 
This model can be interpreted in the following way; an increase of population (P) can 
create a pressure in the direction of increase of technology (T), as well as an increase of 
urbanization (O) driving the increase of the pollution levels (E). It can be observed that 
with the expansion in excess of any one of the environments this increase will generate 
an increase in the adjacent environments, taking place the collapse of the system due to 
the excess demand. The environment possesses a limited energy supply and when 
extrapolation happens in the need of energy resources (in the concept of E. Odum [9]), 
the environment enters in collapse, deteriorating life conditions and restructuring itself 
to create a new order. 
It can be noticed the need for respecting the limits of each subsystem that composes the 
larger system to maintain equilibrium. The flow of energy from one subsystem to 



another should be respected; in case of an unbalance in one of the subsystems the 
system as a whole will suffer the consequences. The P.O.E.T. model can be applied in 
human, agricultural, energy, ecological systems. 
 
9. POSTINDUSTRIAL SOCIETY AND THE ENVIRONMENT   

A new wave of productive development is gaining strength since the decade of 1960 
[10], being this new form of society also known as knowledge society, information 
society, post Ford society or postindustrial society. This development wave is crating 
the possibility for mental reflections regarding environmental conditions, allowing man 
to see how he interacts with nature. These reflections instigate the break of the Cartesian 
vision of the world, and a consequent vision of the man / nature system as one with a 
single flow in life. 

Bell [10] comments that knowledge and information are becoming the strategic 
resources and the transforming agents of the postindustrial society, in the same way that 
the combination of energies, resources and mechanical technology were the 
transforming instruments of the industrial society. In this new society, De Massi [11] 
explains that the hegemony is exercised not anymore by the proprietors of the means of 
production, but by those that administer knowledge and can plan innovation, but it is 
necessary to pay attention so that this dominant class doesn't start working for the 
maintenance of its status quo. With this it can seen that man now has the chance to plan 
life in a way that he can interact with natural environment and not live in a constant 
conflict with it. 
 
10. POSTINDUSTRIAL SOCIETY AND THE NATURAL ENVIRONMENT   

With the concepts exposed previously it can be understood that this society possesses 
technological and intellectual capacity to diffuse the need to coexist with the natural 
environment, and not to have the natural environment as something that should be 
dominated and explored until the exhaustion. 

Models are being developed that make it possible for the urban and rural men, expand 
there integration with natural environment and consequently to possess an increase of 
life quality and a sustainable vision. Such models can be implanted in developing 
countries if properly adapted for their reality and with the use of correct tools. Tools that 
allow the possibility to analyze the entrance and exit flows of energy, with the intention 
of creating the possibility of generating indicators to improve urban and rural man's 
conviviality with natural environment. 
 
11. EMERGY AN ANALYSIS TOOL   

The eMergy methodology developed by H. T. Odum, during his life as a researcher, has 
its base in biology studies, thermodynamics, self-organization, hierarchical flows of 
energy, etc… This methodology transforms the entrance flows and exit flows of energy 
of a system into a same base called solar emergy. Emergy can be defined as being all 
the necessary energy to make a product or a service. According to H.T. Odum [12] the 
term emergy comes from Embodied Energy that is energy input to produce. 

H. Odum explains that there is energy in everything, including information; eMergy can 
be used to evaluate the true value of activities, processes and or products. Emergy 
recognizes and measures the universal energy hierarchy in natural and human systems. 

Since eMergy tries to identify as being the correct form of estimating real value, the 



systems can be organized to reach the maximum eMergetic power and by doing this the 
elaboration of better sustainable policies can be developed in order to use the available 
resources and enable conditions of implementing a system with maximum 
sustainability.  

To accomplish this environmental accounting, the trasformity process is used, so that 
each form of energy that composes the system is converted to its solar equivalent as 
demonstrated in the example of wood transformity [11]: 
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Therefore: Annual eMergy flow = annual flow of caloric energy x trasformity 
 

 
 
Figure 3. Emergetic design of the trasformiy calculation of wood (adapted from Ortega) 
 
Once the total numbers of entrances flows are identified and the total eMergy of the 
process is evaluated, a group of indexes can be calculated. Being these indexes useful to 
the accomplishment of studies and comparisons of processes, for decision making and 
policy elaboration [12]. 

It can be observed, in illustration 3, that the energy concentration flows from left to 
right. The trees have a larger energy concentration than the products that precede it. In 
case there was continuity for the use of the wood, for instance, the construction of 
houses or furniture would have larger eMergy concentration than the wood, due to other 
factors that would enter in its composition, such as the transport, wood working, labor 
etc…. With this other energy fluxes can be joined inside other energy fluxes and by 
analogy it is observed that systems reside in systems that compose the web of life or 
human productive processes with continuously exchange energy. 
 
12. CONCLUSION   

The need of man's integration with the natural environment is something that the new 
postindustrial society can make possible. The members of this society should give 
importance for the integration and balance between human needs and the support 



capacity of earth. Integration that aims at bringing all social levels to a minimum 
understanding that for human survival there is a need to break with old paradigms and 
to create a systemic vision of the world, a world that is a living system. A system where 
there is the need to respect whole living chain so it can flow and perpetuate. 

Therefore, environmental conservation is no longer a trend; it is a need for the 
population, industry and organizations. There is the need to obtain well being and 
comfort, and still preserve resources for future generations, extracting and producing 
with maxim efficiency. A sustainable vision is necessary, one that proposes changes in 
production behavior. For instance, the accumulated industrial residues should be 
converted in raw material to return to the productive process or be used in new products. 
The generation of energy for feeding the industry from their residues is also a 
possibility and a need.  The capacity to develop efficient environmental control tools is 
at the reach of the several disciplines that composes the administration processes. The 
interdisciplinary processes make it possible for the integration of all the production 
procedures for the development, analyze and application of the environmental 
management tools. 

EMergy analysis can be proposed for the evaluation of the sustainability capacity of 
natural environment and man made systems. Emergy analysis could be applied in 
industries, services providers, educational entities, public entities, agricultural societies 
all in any scale making it a versatile tool.   

The purpose of such tool would be to optimize the use of the systems resources and 
balance the demand and the supply, giving the necessary time to the environment for the 
regeneration. Also it would permit a prolonging of the capacity of exploration of non 
renewable resources due to the fact of a more rational use. 
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