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Introduction  

A doughnut! A doughnut is a concept used by the American economist Kate Raworth (2017) 

for representing the economy. This representation (figure 1) is so simple that it provides a 

striking view of the challenge facing humanity. In simple terms, humanity should be within 

the ‘safe and just space’ which is delimited by a social ceiling and an environmental ceiling. 

According to K.Raworth (2017), by staying within this green zone, humanity would fulfill its 

social needs without exceeding the carrying capacity of the planet and damaging the vital 

cycles and the needed balanced ecosystems that sustain  human life. 

 

Figure 1: Doughnut Model (Raworth, 2020) 

On one side, the doughnut describes a social ceiling which is made up of a quantity of factors, 

including population access to drinking water and to sanitation (water), the illiteracy rate 

among adults and the number of children out of schools (education), the degree of social 

equity, or the access to electricity or cooking facilities (energy). Setting specific measures to 

account for each of the social factors is helpful in describing the degree at which humanity is 

successful in fulfilling its social needs. On the other side, the doughnut shows how humanity 
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is limited by an ecological ceiling that humanity should not overshoot in order to 

safeguard the carrying capacity of the planet as well as the vital cycles and needed balanced 

ecosystems that sustain human life. This is defined by various indicators as the concentration 

of atmospheric carbon dioxide (climate change), the rate of species extinctions (biodiversity 

loss), or the chemical pollution.  

 

Figure 2: Doughnut Model, Actual Global State (Raworth, 2020) 

However, as figure 2 is demonstrating, the nine planetary boundaries beyond which lie 

unacceptable environmental degradation as well as the twelve social foundations that form the 

minimum social standard are not met (Raworth, 2020). The Doughtnut representation by 

K.Raworth, which is only used as an introductory element, shows a striking view of  the state 

of the present situation globally for humanity. The conclusion is clear: humanity is 

overshooting ecological boundaries without fulfilling its global social needs. The immediate 

questions that this raises are: How may humanity fulfill its social needs globally without 

compromising the environment? How may environmental issues be tackled? What are the 

possible solutions to return under the ecological ceiling?  
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In order to adequately answer these questions, research was focused on the ecological ceiling, 

with specific attention given to climate change and land degradation. This reduction in scope 

was a conscious choice as the two subjects encompassed the majority of Raworth’s indicators, 

as well as permitting the research to delve deeper into the subjects.  

The question of returning below the ecological ceiling has been the foundation of my research 

throughout my academic career. I discovered that potential solutions pertain broadly to the 

technological sphere, such as the development of renewable energy, and to the political sphere, 

such as the Paris Agreement set in 2015. Furthermore, I discovered that political solutions do 

not include only governmental or organizational actions; indeed, they also included actions 

led by the civil society. Indeed, during my student life in Quebec, I uncovered numerous 

initiatives led by local communities that helped deal with the environmental crisis. For 

instance, while undertaking a project to understand and promote sustainable mobility in 

Quebec, I was struck by the actions of two farmers, Nasser Boumenna and Claire Lanctôt, 

who apply agroecological methods to produce fruit and vegetables to customers in Montreal. 

This agricultural technique ensured high productivity without impacting land health (Poitout, 

2018a). Moreover, in Quebec, I have been struck by the initiative of urban agriculture led by 

the Granby Community Gardens. In the town of Granby, a group of thirteen individuals of 

different ages dedicated their time to grow fruit and vegetables for them and the community 

(Poitout, 2018b). Such as the Granby Community Gardens, I discovered the existence of 

various initiatives around the world that produce and exchange value according to different 

methods. Consequently, I understood that it was essential to understand economics and gained 

interests in comprehending these new economic trends, such as the sharing economy, that set 

and provide individual ways for interacting with each other. Therefore, this thesis provides an 

analysis on economic theories as well as on specific economic trends. 

As a result, I became convinced of the power of the civil society to answer the environmental 

crisis. I sought to develop a theoretical structure of an organization that deals with 

environmental challenges and helps construct a more resilient and sustainable society. This 

thesis is committed to that goal. This organization would take into consideration the 

environmental crises and be based on the economic theories and economic trends that this 

thesis study.  
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This thesis is constructed into three main parts. (1) The first part includes an analysis of the 

environmental and energetic context. (2) The second part pertains to the analysis of economics 

and the link between energy and economics as well as the investigation on two global trends; 

the sharing economy and the P2P economy. These two parts offer overarching analytical and 

theoretical frameworks to develop a structure that helps civil society to answer environmental 

challenges. (3) The last part describes the imagined organization “The Federation of the 

Shared” (LaFed) and its potential effects on the environment.  

Methodology  

Before describing the methodology, it is important to note that this thesis is a ‘project thesis’ 

which aims to contribute to a solution of a given issue which, in this instance, is the 

environmental crisis and the solution is the theoretical construction of an institution called: 

‘“The Federation of the Shared” (LaFed). In order to meet this goal, this thesis is composed 

of three distinctive parts.  

For the first part of this thesis, a document analysis was conducted to provide both quantitative 

data and qualitative data. As scientific research is based on on-going analyses and experiments 

led by various scientists in the world, main arguments and explanations raised relative to this 

first part are based upon consensus within the scientific community and backed up by multiple 

peer-reviewed articles. In order to ensure this scientific rigor, all the major arguments upheld 

within the first part came from meta-analysis, with specific examples occasionally mobilized 

in order to defend particular points. 

 Concerning climate change, all information included in this thesis is aligned with the work of 

the Intergovernmental Panel on Climate Change (IPCC). The IPCC is the United Nations body 

for assessing the science related to climate change. The IPCC is currently producing the sixth 

assessment report (AR6) so that this thesis only relates to the AR5 released in 2014 and other 

special reports such as the ‘Global Warming of 1.5°C’ (IPCC, 2018). Concerning land 

degradation, this thesis relies only on recent documents of reference. In order to reflect 

scientific consensus for a complex issue, this thesis relies on two main sources that have been 

elaborated by a plethora of scientists: (1) The IPBES (2018) assessment report on land 

degradation and restoration, made by the intergovernmental Science-Policy Platform on 

Biodiversity and Ecosystem Services (IPBES). (2) United Nations Convention to Combat 

Desertification (2017), an organization that works to achieve land degradation-neutrality 
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worldwide. 

Concerning the physics laws described, research was based on this thesis on the works of Ngô 

(2008), Narbel, Hansen, & Lien (2014), and a report made by the IEA (2019). As energy, and 

particularly entropy, are topics often evoked within the economic sphere, it was important to 

retrieve information only from experts within the field of physics. Moreover, this thesis 

provides a concise overview of two of the three laws of thermodynamics. this thesis. The 

second law of thermodynamics was firstly enunciated by Sadit Carnot (1824) and was 

formulated differently through time — Clausius (1850), Boltzmann (1873). In order to explain 

this law, a classic approach or a statistical approach may be used; a classical approach was 

chosen in order to facilitate comprehension. 

Research was conducted through document analysis within the framework of neo-classical 

economics and the critical approach made by biophysical economics.  This thesis only 

incorporates recent analyses from documents of reference, such as Hall & Klitgaard (2018). 

Biophysical economics, which is characterized as heterodox economics, integrates 

thermodynamics within mainstream economics, so that the majority of the thinkers on which 

this thesis relies on are both physicists and economists. During research, close attention was 

given to ensure that authors were both physicist and economist. Concerning the sharing 

economy, a great number of studies have been dedicated to this topic. Sharing economy, or 

collaborative economy, is not a well-defined section of our economy; therefore, multiple 

definitions of the sharing economy are applied throughout the literature. Consequently, this 

thesis relies on definitions from regulative institutions, and especially, the definition provided 

by the European Commission. Concerning the P2P economy, a definition of such a concept is 

blurrier. Indeed, P2P economy is a new trend within our economy. Consequently, the topic 

has not been heavily studied in the literature yet. As such, the information used to describe 

P2P economy is mostly derived from the work of M.Bauwens, a thinker of the P2P economy 

and founder of the P2P foundation. Relying almost exclusively on documentation made by 

authors that are involved in the P2P economy implies potential bias. However, this lack of 

critical view is acceptable as the objective of the study is only to introduce the reader to P2P 

economy. In order to reflect the development through time of P2P economy, this thesis relies 

an historical approach. In other words, through the works of M.Bauwens, this thesis 

demonstrated the evolution of P2P economy theories. 
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The third and last part of this thesis is devoted to the description of the main lines of the 

project, LaFed, an imagined organization that answers environmental challenges. 

Consequently, content is highly subjective. In fact, this last part of this thesis has the objective 

to create the theoretical structure of LaFed that answers to issues described in the first part 

using principles detailed in the second part of this thesis. Moreover, the last part of this thesis 

defines additional management tools and methods to maintain and govern interactions within 

the organization ‘LaFed’. Concerning the description of IT Tools used to support the structure, 

this thesis relies on open source knowledge and the study of past experiences. In regard to the 

methods of collective intelligence and sociocracy used to govern interactions between peers, 

this thesis relies on reference documents, such as the Center of Collective Intelligence at the 

MIT. Lastly and more importantly, in order to describe the potential benefits on the 

environment of the creation of the imagined organization, resources are scarce. Indeed, 

according to the author’s knowledge, there is no meta-analysis nor analysis available tackling 

the global, environmental benefits of P2P economy-based organization. Consequently, in 

order to defend the potential environmental benefits of the organization ‘LaFed’, this thesis is 

dependent on sparse local initiatives and their local impacts. 

Due to the format of the research as a “project thesis”, research was conducted using a 

combination of careful document analysis from a myriad of vetted, reviewed sources as well 

as a more subjective approach in the creation of LaFed. This is a conscious choice, as it 

mobilizes both the plethora of knowledge generated in the scientific field and the highly 

innovative nature of a newly imagined structure.  
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A. Global Ecological and Energetic 
Context 

1. Climate Change and Land Degradation: Causes 
and Consequences 

1.1 Climate Change: 

Climate change is the regional and global change in climate pattern including global warming, 

which is a phenomenon of increasing average air temperature. According to the 

Intergovernmental Panel of Climate Change, “warming of the climate system is unequivocal, 

and since the 1950s, many of the observed changes are unprecedented over decades to 

millennia (IPCC, 2014). The graph represents the temperature anomaly based on the period 

1961-1990 and confirms the warming of the climate. Overall, the total temperature since pre-

industrial times has increased approximately to 1,1 degrees Celsius.  

 

Figure 3: Average Temperature Anomaly, Global (Ritchie & Roser, 2020a) 

The dominant cause of climate change since the mid-20th century is the anthropogenic 

greenhouse gas emissions — GHGs (IPCC,2014). Greenhouse gases are gases, such as carbon 

dioxide, methane, and nitrous oxide, that are trap into the atmosphere, absorbing infrared 

radiations emitted by Earth and contributing to the warming of Earth’s surface according to 
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the greenhouse effect. In fact, anthropogenic greenhouse gases emitted are stored into 

natural sinks such as the ocean or the atmosphere (Stocker et al., 2013). As shown in Figure 

4, half of the gases are stored into the atmosphere, a quarter into oceans, and the last part into 

the vegetation (i.e.: photosynthesis). This storing has effects. While the storing of CO2 into 

oceans causes acidification of oceans, the additional CO2 in the atmosphere causes the rise of 

atmospheric concentration of such gases in the atmosphere.  

 

Figure 4: CO2 Emissions and Carbon Sinks (IPCC, 2013) 

 

Before describing the context further, it is fundamental to understand that not all GHGs are 

the equal. Relatively to greenhouse effect, they can be ranked according to different variables: 

Their concentration in the atmosphere -measured in particles per million (ppm)-, and their 

lifetime – how long it remains in the atmosphere. Previous variables are used to define the 

global warming potential of a gas (GWP). GWP is a “measure of the total energy that a gas 

absorbs over a given period of time (usually 100 years) relative to the emissions of 1 Ton of 

carbon dioxide” (Denchak M., 2019). For example, emitting one Ton of methane is equivalent 

Figure 4: CO2 Emissions and Carbon Sinks: “Fossil fuel and cement CO2 emissions by category, estimated by the Carbon Dioxide Information 
Analysis Center (CDIAC). CO2 emissions from net land use change, mainly deforestation, are based on land cover change data. The atmospheric 

CO2 growth rate prior to 1959 is based on a spline fit to ice core observations and a synthesis of atmospheric measurements from 1959. The 
ocean CO2 sink is from a combination of models and observations. The residual land sink (term in green in the figure) is computed from the 

residual of the other terms”. (IPCC, 2013, pp51) 
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of emitting 25 Tons of CO2 and emitting one ton of Nitrous Oxyde is equivalent of emitting 

265-298 Tons of CO2 over a period of 100 years (EPA, 2019). Based on these facts, scientists 

may agglomerate emissions of various gases and speak in CO2 equivalent.  

According to data from NOAA (2020), the concentration of GHGs has increased from 

322,41ppm in 1978 to 449,4 in 2016. This concentration level must be compared with the level 

of 545ppm which is linked with a 50% chance of an increase of global temperature of 2°C and 

with the level of 478ppm which is linked with a 50% chance of an increase of global 

temperature of 1,5°C (NOAA, 2020).  The outstanding question is: Where does these 

anthropogenic greenhouses gases come from? The main sectors that emit greenhouse gases in 

the world are the energy sector, industry, and agriculture. Within the energy sector, figure 5 

shows that electricity, manufacturing, and transportation are the three main sectors that are 

responsible for the emissions of global greenhouse gases.  

 

Figure 5: Global Greenhouse Gas Emissions by Sectors, 2014 (CAIT,2020) 

Therefore, there is higher emission of GHGs that has as a direct consequence the increasing 

of GHGs concentrations in the atmosphere. Consequently, there is a heating effect due to the 

additional greenhouse effect. This heating effect has a measure called radiative forcing. 

Indeed, energy transfer between the Earth and the Sun is normally at equilibrium; anything 

that causes the Earth to leave this thermal equilibrium, whether natural (sun, volcanoes) or 

anthropogenic (aerosols, GHGs), is called radiative forcing. Formally, radiative forcing is “the 
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net change in the energy balance of the Earth system due to some imposed 

perturbation. It is usually expressed in watts per square meter” (Myhre et.al, 2013). Radiative 

forcing may be positive such as for the greenhouse effect; and, therefore participating to the 

warming of the oceans and atmosphere. It could also be negative such that the aerosol effect, 

therefore, participating to the cooling of the atmosphere during a period of time. To state, 

aerosol effect is caused by various local pollutions such as the recent Australian forest cloud 

of smoke. As represented in the figure 6, when aggregating all effects, there is a radiative 

imbalance, with more energy from the sun entering than exiting (IPCC, 2013). In fact, 

estimations uphold that the Earth has gained, from 1971 to 2010 274.10^21 joules of energy 

(Stocker et al., 2013). This surplus of energy heats our Earth in an uneven way. Indeed, the 

warming of the ocean accounts for 93% of the total heating rate, melting ice and warming of 

the continents for 3% respectively, and warming of the atmosphere makes up the remaining 

1% (Stocker et al., 2013). Briefly, the 1% warming of the atmosphere explained the global 

increase of the temperature.  

 

Figure 6: Effective Radiative Forcing (ERF), Time Evolution (IPCC,2013) 

 

 

Figure 6:  Effective Radiative Forcing (ERF), Time Evolution (IPCC,2013): The factor of 
effective radiative forcing is given on the right of the chart. It can be natural phenomena 
(Solar, Volcanic) or mostly anthropogenic causes (Carbon dioxide. The dotted black line 

represents the total ERF while the dotted red line represents the total anthropogenic ERF. 
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The concept of radiative forcing is a key element in the creation of the four possible climate 

scenarios studied by the IPCC AR5; they are called Representative Concentration Pathway -

RCP- (IPCC, 2019). They range from the lowest radiative forcing imbalance (RCP 2.5) to the 

highest radiative forcing imbalance (RCP8.5). According to figure 7, the RCP 2.5 scenario is 

linked with a temperature change in 2100 lower than 2°C relative to the period 1861-80; while, 

the RCP 8.5 scenario is linked with an increase of the temperature of more than 4°C. The four 

scenarios can be examined to analyze the impacts of climate change, adaptation options, and 

the vulnerability of human societies to climate change and as such this thesis mainly refers to 

these scenarios (IPCC, 2019).  

 

Figure 7:  Global Climate Scenarios (IPCC,2013) 

 

 

 

Figure 7:  Global Climate Scenarios (IPCC,2013): “Global mean surface temperature increase as a function of cumulative total 
global CO2 emissions from various lines of evidence. Multi-model results from a hierarchy of climate-carbon cycle models for each 

RCP until 2100 are shown with coloured lines and decadal means (dots). Some decadal means are labeled for clarity (e.g., 2050 
indicating the decade 2040−2049). Model results over the historical period (1860 to 2010) are indicated in black. The coloured 

plume illustrates the multi-model spread over the four RCP scenarios and fades with the decreasing number of available models in 
RCP8.5. The multi-model mean and range simulated by CMIP5 models, forced by a CO2 increase of 1% per year (1% yr–1 CO2 
simulations), is given by the thin black line and grey area. Temperature values are given relative to the 1861−1880 base period, 

emissions relative to 1870. Decadal averages are connected by straight lines” (IPCC, 2013. pp28) 
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Humanity and the Climate Change Challenge: In 

2015, the Paris Agreement inscribes in article 2 the goal of humanity as “holding the increase 

in the global average temperature to well below 2°C above pre-industrial levels and pursuing 

efforts to limit the temperature increase to 1.5°C above pre-industrial levels, recognizing that 

this would significantly reduce the risks and impacts of climate change” (UN, 2015). 

Consequently, this agreement compels all signatories’ countries to pursue efforts to achieve 

“a balance between anthropogenic emissions by sources and removals by sinks of greenhouse 

gases in the second half of this century” (article 4, UN, 2015). 

According to previous knowledge from the study of IPCC scenarios, it is interesting to express 

in terms of carbon what the Paris Agreement is aiming at. Using the model of IPCC AR5, in 

order to attain a 50% chance to the increase in temperature of 2°C relatively to pre-industrial 

time, GHGs concentration should not pass over 507ppm (Met Office, 2019). Another 

perspective to understand the climate change issue that faces humanity is to think in terms of 

budget: how much carbon dioxide can humanity emits in order to have a 50% chance of not 

exceeding the increase of 2°C in temperature? In order to answer this question, various studies 

have been led (Millar, R. et al., 2017; Goodwin P. et al., 2018; Richardson et al., 2018); 

however, for greater understanding and to keep consistency throughout this thesis, we will 

rely on estimates based on the IPCC special report of 2018. The remaining carbon budget, 

excluding additional earth system feedbacks, such as the CO2 released by permafrost thawing, 

reaches 1500GtCO2 from the year 2018 until 2100 (IPCC, 2018). The carbon budget for 

limiting global warming at 1,5C° is 580GtCO2 (IPCC, 2018). Knowing that the current rate 

of emission is 42 GtCO2 per year in the world, it means that the carbon budget for 2°C will 

be entirely depleted after 36 years at current emission rate. Although uncertainties due to earth 

system feedbacks and other factors may change the carbon budget, the latter provides a useful 

view to describe the challenge set by the Paris Agreement.  

1.2 Land Degradation:  

Climate change is only a facet of the changes on Earth. Indeed, another fundamental 

biophysical component that humans have been changing is land. Land is defined according to 

the special report on climate change and land  as “the terrestrial portion of the biosphere that 

comprises the natural resources (soil, near surface air, vegetation and other biota, and water), 

the ecological processes, topography, and human settlements and infrastructure that operate 
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within that system” (IPPC, 2019b-pp.1 ). Land has forever been intertwined with human 

development. It is “a unique, valuable, and immovable resource of limited quantity, providing 

multiple benefits to society” (UNCCD, 2017). However, over the past decades, humans have 

made critical transformations to the terrestrial biosphere leading to land degradation. 

Land degradation is a global issue, costing the world an estimated 10-17% of the global Gross 

Domestic Product (GDP) annually (Fisher et al., 2018). “Land degradation is defined as a 

negative trend in land condition, caused by direct or indirect human-induced processes 

including anthropogenic climate change, expressed as long-term reduction or loss of at least 

one of the following: biological productivity, ecological integrity, or value to humans” (IPPC, 

2019b-pp.186). While measuring the extent of land degradation is difficult as “experts 

disagree about both the status and trends even in well-studied areas like Europe and North 

America” (UNCCD, 2017), this part of this thesis is dedicated to a concise study of the state 

of land degradation, its drivers, and its present and future states.  

Land degradation can take various forms such as desertification, soil salinization, erosion, soil 

salinity… In fact, we can aggregate all the various forms into three broad processes that are 

(1) biological degradation, (2) chemical degradation, and (3) physical degradation. The 

biological degradation is the state in which the structure of the soil is disrupted. The 

consequence of such degradation may be the excessive activity of the soil biota or excessive 

mineralization of organic matter (UNCCD, 2017). The chemical degradation is defined as 

“processes leading to soil chemical imbalances” such as salinization or acidification (UNCCD, 

2017, pp.44). The physical degradation, or the death of the soil according to Claude and Lydia 

Bourguignon, is “the structural breakdown of the soil through the disruption of aggregates” 

(UNCCD, 2017, pp.44); it includes erosion, sealing and crusting, or compaction. 

All the processes described are due to various factors. Direct drivers can be natural, such as 

landslides or earthquakes, or human-induced. It is essential to underline that human-induced 

drivers may influence natural direct drivers. Concerning the anthropogenic direct drivers, they 

are numerous. We will focus on the most significant direct drivers which are (1) grazing land 

and cropland management, (2) forest and tree plantation, (3) extractive industries and energy 

development, and (4) urban and infrastructure development. All direct drivers have underlying 

causes that are called indirect drivers, such as population growth or economic development. 

In fact, indirect drivers interact in a “complex, inter- dependent ways, reaching across both 

short- and long-term periods and geographic distances whilst also being subject to feedback 
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effects from the direct drivers that they influence in the form of changes to ecosystem 

services and human wellbeing” (Barger et al., 2018, pp.182).  

Grazing Land Management and Cropland Management:  

The first direct driver, and the most influential one, is the grazing land and cropland 

management. Both have been increasing in size tremendously as illustrated by figure 8. 

“Agriculture is by far the largest human use of land, covering roughly 38 per cent of land 

surface, not including Greenland and Antarctica” (UNCCD, 2017, pp.43). In regard to 

agriculture, we will focus on grazing land and cropland management.  

On the first hand, according to the IPBES report (2018), livestock grazing represents the single 

largest human use of the natural environment supporting one-sixth of the global population 

and using 50% of agricultural land and 69% of drylands (Barger et al., 2018). There are two 

broad types of grazing that are the (1) extensive grazing lands, which accounts for 91% of the 

grazing land, and (2) the intensive grazing. On the other hand, “the second extensive human 

activity on the planet” are croplands (Barger et al., 2018). According to the same report, 15,8 

million km2 of natural ecosystems have been converted to cropland as of 2014; it is comparable 

to the area of all the South American continent. 4,7 million km2 of this area is only dedicated 

to animal feed and meat production, which represent between 33 and 39% of all crop 

production (Barger et al., 2018). To illustrate how croplands may degrade the land, the report 

raised the arguments that croplands may degrade inadvertently ecosystem services on which 

Figure 8: Global Land Use over the Long Term (Ritchie & Roser, 2020b) 
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they rely through eutrophication of water bodies by fertilizers, use of profound tillage, toxic 

effects of pesticides and fungicides, pest and disease control on non-target species and erosion 

(Prince S., 2018). In fact, it is estimated that “25% of the present agricultural land to be highly 

degraded, about 44% to be slightly-moderately degraded, and about 10% to be recovering 

from degradation” (Gomiero, 2016, pp.8). Therefore, grazing land and cropland management 

arise as two major direct causes of land degradation. There is a need to deepen the analysis 

and look at the indirect drivers of both factors. Indirect drivers are human population, 

household income and dietary changes as well as other factors such as the increase in 

bioenergy, cultural aspects, and land tenure regime. 

Human population growth and consumption patterns are key drivers in the increasing demand 

for livestock products and cropland production. Concerning livestock products, rising 

household lead to the changing of consumption pattern (Barger et al., 2018). For instance, 

meat consumption has been increasing at a great pace in developing countries in Asia, which 

have seen an increase of “3% in meat consumption and 5% in dairy consumption per year 

from 2000 to 2010”, according to the Food and Agriculture Organization (FAO) in 2013 

(Barger et al., 2018, p.146). Concerning crop production, between 1963 and 2005 the 

expansion of croplands for food were due by 26% to the dietary change while 74% were due 

to the rising population; It is important to underline that these two drivers have a tendency to 

equalize over time with rising incomes (Barger et al., 2018). While others indirect drivers are 

included into the equation, the two stated factors are keys. 

Concerning the predictions, grazing lands will continue to increase globally until 2030 after 

declining until 2050 (Barger et al., 2018). Such tendency is based on the assumption that 

livestock will increasingly be supported by crops rather than grazing lands. Consequently, land 

degradation will shift toward cropland and agricultural systems. Overall, “further 

extensification and further intensification of croplands are both likely”, led by a growing 

population and an increasing per capita consumption rates (Barger et al., 2018, p.153).  

Forest and Tree Plantations:  

A second direct driver of land degradation globally is forest activities. Indeed, forest is a key 

regulator of ecosystem services in the planet, permitting regulation of groundwater levels, the 

increase in water yields, the maintenance of water quality, and the protection against erosion 

or flooding (Achard, 2009). While the clearance of forest is often a precursor to the 
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establishment of plantations, intensive management practices of natural forest or its 

conversion to plantations have great impacts on the ecology and hydrology (UNCCD, 2017). 

According to the global forest assessment of the FAO in 2014, the “total forest area declined 

by 3% between 1990 and 2015” (Barger et al., 2018, p.158). A more detailed analysis shows 

that natural forests have declined by 6% over the same period —2,4M km2 or around five 

times the area of metropolitan France —while planted forests have increased by 66% — 1,1M 

km2 — (Barger et al., 2018). Therefore, it appears to have a substitution of natural forest by 

other land uses globally. According to the IPBES report (2018), the main indirect drivers are 

the demand for energy and for forest products as raw materials (Barger et al., 2018). 

As economic development is increasing, the demand for forest products is increasing. Such 

correlation has been verified through history. Indeed, as Debeir, Deléage, & Hémery (2013) 

highlight, the supremacy of the Roman Empire was due in part to a great use of wood for 

carpentry (construction) — ‘materia’ in latin— and firewood (energy) — ‘lignum’; and as 

local resources became insufficient, trade of wood appeared to keep up with the expansion of 

the Roman power. In the XVIII and in the early XIX centuries in France and United Kingdom, 

due to economic development and a search for a greater living standard, the price of wood has 

been increasing in the context of global fall in prices, which led to a search for other forms of 

energy, the coal (Debeir, Deléage, & Hémery, 2013). In the 20th century, as economic 

development continued in Europe, consumption of forest products rose, illustrated by an 

approximately 50% increase in demand in Europe (Barger et al., 2018). Following historical 

trends, forecasts support the continuing increase in demand for forest products over the coming 

decades, which is principally caused by the economic development of lower-income countries 

(Barger et al., 2018).  

Extractive Industry and Energy Development 

A third direct driver of land degradation globally is the extractive industries and energy 

development. There has been and will continue to have investments in mineral extraction due 

to the positive variations of standard of living (Kesler, 2007). This increasing demand will 

result in “land and soil degradation from deforestation, vegetation burning, and mining 

operations” (UNCCD, 2017). We can enumerate three broad extractive techniques which are 

(1) underground mining, (2) surface and open pit mining that is correlated with a much larger 

footprint, and (3) well extraction (Barger et al., 2018). Such operations may cause 
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environmental damages such that harming the provision of clean water to biomass 

production as well as significant declining of biodiversity (Barger et al., 2018).  

The fundamental indirect driver of extractive industry is the demand for specific commodities 

in the global economy (Barger et al., 2018). From rare earths to basic metals, the demand is 

led more by the increase of standard of living rather than the increase of the population (Kesler, 

2007). To meet this demand, major technological shift happens, which directly affect land 

degradation negatively. The first is the declining cost of earth-moving equipment that conduct 

the extractive industry to prefer surface mining instead of underground mining (Barger et al., 

2018). Such operations are particularly destructive as it substantially harms topsoil of land and 

create large quantities of waste. Secondly, in the oil and gas sector, the industry observed a 

rapid deployment of hydraulic fracturing and horizontal drilling. In addition, the footprint of 

well drilling is reinforcing due to the infrastructure (pipelines, roads…) that are needed to 

support the activity (Barger et al., 2018). 

Infrastructure, Industrial Development and Urbanization  

A fourth direct driver of land degradation is the growth of urbanization and infrastructure 

development. Urban land area is generally defined by administrative boundaries. Within the 

urban land areas, it exists “build-up” areas, which are defined as the presence of buildings; 

and within this build-up area we can define impervious surfaces such as buildings, asphalt, 

and concrete (Barger et al., 2018). Such infrastructures is causing soil sealing which is one of 

the “most severe form of land degradation, with a near total loss of soil biological, 

hydrological, and biogeochemical functions” (Barger et al., 2018, p.164). In 2000, built-up 

areas represented over 0,4% of the planet land area and 4% of all arable land (Barger et al., 

2018).  

There are three key indirect drivers that lead to the growth of urbanization: (1) Human 

population growth that is projected to attain 9,7 billion in 2050 compared to 7,3 billion today; 

(2) The migration of people from rural to urban areas, illustrated by the fact that in 1900 only 

13% of people lived in urban areas while it is around 54% today, and will be around 66% in 

2050; (3) the decline in urban density due to the sub-urban expansion (Barger et al., 2018; 

UNCCD, 2017). Concerning the predictions, urban areas will largely depend on the future of 

urban density. If urban density stagnates, Angel et al. (2011) forecast an urban land cover in 

2030 of 0,62% of all land (+32% over 2010 level), and 0,76% in 2050 (Angel et al.,2011). 
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However, if urban density continues to decline at a rate of 2% per annum, urban areas may 

attain 1,14% in 2030 and 2,07% in 2050 (Angel et al., 2011). 

1.3 Direct Consequences 

According to what previously demonstrated, which is the causes and existence of climate 

change and land degradation, it is essential to analyze potential consequences for human 

societies. Therefore, the following paragraphs will be dedicated to explain a concise but not 

exhaustive direct consequence of land degradation and climate change by focusing on earth’s 

ecosystems services and biodiversity, food security, and water resources. 

1.3.1 Biodiversity and Ecosystem Services  

Climate change and land degradation affect biodiversity, which is the diversity within species, 

between species and of ecosystems, and ecosystem services, which are natural processes 

benefiting humanity (IPEBS, 2019). In fact, land degradation is the main cause of ecosystems 

while climate change and pollution have lower but accelerating relative impact on ecosystem 

services and biodiversity (IPEBS, 2019). Biodiversity and ecosystem services are complex so 

that this part of this thesis has the goal to concisely provide key information on status and 

possible trends of ecosystem services and biodiversity. It is fundamental to understand that 

biodiversity and ecosystem services underpins basic life support for humanity and that most 

nature’s contributions are not fully replaceable, and some are irreplaceable (IPBES, 2019). 

Focus is on the state of (1) soils biodiversity, (2) biodiversity loss and species extinctions, and 

(3) ecosystem services.  

The immediate effect of land degradation is the loss of soil biodiversity, which puts at stake 

critical ecosystems services. Soil hosts a large part of the world’s total biodiversity, from soil 

bacteria and fungi, to numerous forms of fauna, such as earthworms (UNCCD, 2017). This 

biodiversity is essential to preserve various ecosystem functions. For illustration, biological 

degradation in agriculture led to a drop-in abundance of organic matter so that there is a drop 

in fauna abundance; in Europe, population of earthworms drops from 2 Tons per hectare to 

100kg/ha in 50 years (Bourguignon, L.&C., 2015). Hence, land degradation negatively affects 

soil biodiversity, impairing ecosystems functions, such as decomposition processes or nutrient 

retention (UNCCD, 2017). Secondly, land degradations and climate change impact 
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biodiversity as a whole so that it has been even said that humanity faces a sixth mass 

extinction of the Earth’s species (Prince S., 2019). In fact, about 25% of species (fauna and 

flora) are already threatened with extinction, with an 82% decrease in the global biomass of 

wild mammals since prehistory (IPBES, 2019). Climate change will increase the risk of 

extinction for at least 20-40% of assessed species if mean global temperature increases by 1,5-

2,5C° (Barnosky et al. (2013). However, extinction of species is only the last step in 

biodiversity loss. Critical variables of biodiversity are the richness of species, which is the 

number of species in an area, and the evenness, which is the measure of the relative abundance 

of the different species. Combining both variables (i.e: Simpson’s Diversity Index), we can 

estimate the biodiversity loss. It has been estimated that, in 2010, the biodiversity loss globally 

reached 34% compared to the natural state (Brink et al., 2018). Looking at forecasts, under 

optimist scenarios —that are linked with possible 2°C increase scenarios —, biodiversity loss 

is projected to increase to 38% and 43% respectively. To illustrate this biodiversity loss, the 

example of acidification of oceans is interesting: When CO2 is absorbed into the ocean, it is 

transformed into HCO3- that have a direct effect on ocean acidification. This acidification 

impeaches the production of calcareous membranes of the pteropods and coccolithophores, 

two types of phytoplankton that are at the base of the marine biodiversity; as the result, it 

jeopardizes the marine biodiversity. Henceforth, both on land and in the oceans, biodiversity 

is said to be at risk (Bernard, 2018). Thirdly, in consequence of this biodiversity loss and in 

conjunction with other factors, ecosystem services are disrupted. Indeed, natural ecosystems 

have declined by 47% on average relative to their natural baseline (IPBES, 2019). For 

example, only 13% of wetlands, which protect water quality or provide wildlife habitats, are 

present in 2000 relatively to 1700 (IPBES, 2019). Therefore, the loss of ecosystem functions 

and biodiversity, which are both observable on land and at sea, deteriorate ecosystem services, 

such as flood protection or soil productivity, on which humans rely. 

1.3.2 Food Security 

Climate change and land degradation have a direct effect on food insecurity. Food security is 

met ‘‘when all people, at all times, have physical, social and economic access to sufficient, 

safe and nutritious food, which meets their dietary needs and food preferences for an active 

and healthy life’’ according to the FAO (Rojas et al., 2016, pp.179). In addition to other issues 

linked with the distribution, consumption, and waste of food that are not covered, climate 
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change and soils degradations pose a major threat to food security (IPCC, 2013; 

Gomiero, 2016; ECA, 2015; Rojas et al., 2016).  

While the ‘green revolution’ has permitted the rose of agricultural productivity globally, it 

may have caused the acceleration of land degradation. Indeed, since 1961, food supply per 

capita has increased by more than 30% (IPCC, 2019b). According to the Gomeiro (2016), the 

productivity increases is due by 70% to the intensification of agriculture, based on greater use 

of fertilizers, pesticides, and energy, and the remaining 30% comes from new lands being used 

by agriculture. However, this intense utilization of soils has led to the impoverishment of soils 

and the degradation of the health of soils through processes previously stated, such as chemical 

or biological soil degradations (UNCCD, 2017). Following, Lydia & Claude Bourguignon 

(2015) even like to use the words “death of soils” to characterize the results of modern 

agricultural systems. Hence, due to land degradations, there is a reduction of both actual and 

potential yields. One may raise the argument that this decrease in yields may be compensated 

by an increase in land use. However, possibilities for expansion are now limited as the 

remaining possible areas are covered by tropical forests, which beneficially take up CO2, and 

a growing part is taken by the extension of urban areas (Gomiero, 2016; Utuk & Daniel, 2015). 

In addition to the effect of soil degradation, it is necessary to indicate that food insecurity will 

also be affected by climate change in the future. The effect will not only be the decrease of 

production and increase of food prices but also the drop of nutritional quality of cropland 

(IPCC, 2018; Servigne, 2013). Indeed, the IPCC (2019b, 5-5) revealed that “increased CO2 is 

projected to lower nutritional quality (e.g., wheat grown at 546-586 ppm CO2 has 5.9–12.7% 

less protein, 3.7–6.5% less zinc, and 5.2–7.5% less iron)”.  

1.3.3 Water Resources 

Climate change and land degradation affect water security globally. Freshwater is a vital 

resource, representing only 2,5% of global water, that is unevenly distributed (USGS, 2020). 

Interestingly, surface freshwater sources that supply most people (lakes and rivers) represents 

only about 1/150th of 1% of water on earth — 93 100km3 (USGS, 2020).  

Water security is defined as “the capacity of a population to safeguard sustainable access to 

adequate quantities of acceptable quality water for sustaining livelihoods, human well-being, 

and socio-economic development, for ensuring protection against water-borne pollution and 

water-related disasters, and for preserving ecosystems in a climate of peace and political 
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stability” (UNCCD, 2017 – p.162). First, land degradation and its direct drivers have 

substantial negative consequences on both the quantity and quality of water available for 

communities and biodiversity; secondly, climate change as well will affect water resources. 

Looking at the quantity of freshwater, a global analysis estimates that 43-47% of the global 

population will live in water stressed regions, with the highest proportion —91%— in Asia 

(Brink et al., 2018). Water stresses counts various causes at a regional level; however, the 

main causes are the growth of population, the increasing demand, as well as the loss of water 

retention and supply capacity of wetlands (UNCCD, 2017). Indeed, in the last century, “the 

world population tripled while water consumption increased six‐fold” (UNCCD, 2017 – 

p.163). Expansion of agriculture and irrigated lands exert water shortages as irrigation 

accounts for 70% of water withdrawals (UNCCD, 2017). Because surface freshwater is 

increasingly scarce, groundwater has been increasingly exploited as it supplies today half of 

the world’s irrigation and the need for two billion people (Brink et al., 2018). Consequently, 

even groundwater has been depleted by approximately 4500km3 from 1900 to 2008 (Brink et 

al., 2018). In top of higher demand for freshwater, there is a deficit of water retention due to 

soil degradations (Brink et al., 2018). On the other hand, water quality is also affected. Indeed, 

both surface water and groundwater are contaminated by human and livestock wastes, by the 

increasing use of fertilizers and pesticides, and by heavy metals and other industrial pollutants 

(UNCCD, 2017). For example, the use of synthetic fertilizers has grown since the 1960s by 

ninefold, knowing that misapplication of such products may affect greatly water resources 

(UNCCD, 2017). In addition to the effect of land degradation on water resources, climate 

change will also affect water cycle and reduce the renewable surface water and groundwater 

resources in most dry subtropical regions (IPCC, 2014). In coordination with this fact, there is 

a greater emergence of extreme events such as rainfalls that escalate the risks of flooding 

(UNCCD,2017). 

Therefore, climate change and land degradation may affect both water quality and water 

quantity so that competition for freshwater will exacerbate between urban, industrial, 

agricultural, and environmental water needs, under the assumptions of continuing climate 

change and land degradations. 
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1.4 Environmental Context and Effects on Human’s 

societies 

The environmental context was fundamental to study as the environment is the base of human 

societies. As demonstrated, climate change in coordination with land degradation may have 

strong effects globally. Concerning climate change alone, the planet will experience “a 

decrease in cold temperature extremes, an increase in warm temperature extremes, an increase 

in extreme high sea levels and an increase in the number of heavy precipitation events in a 

number of regions” (IPCC, 2014).  Concerning land degradation, as pinpointed by José 

Graziano da Silva (2014), FAO Director-General, soils, though vital, are often forgotten. 

Therefore, combining climate change and land degradation, this analysis introduces to the 

direct, negative consequences of human activities on biodiversity and ecosystem services, 

water quantity and quality, and food supply. While humanity relies on Earth’s ecosystems, 

human societies seem to jeopardize them. Consequently, it raises a global risk defined by the 

appearance of famine, negative consequences on human health, greater possibility of climactic 

refugees, and, in coordination with others, a greater risk of emergence of military conflicts.   

2. Energy: Fundamental Concepts and Energetic 
Context: 

As underlined in the previous part on climate change, the energy sector is the key sector which 

needs to be transformed to meet the Paris Agreement. Beyond climatic reasons, it is 

fundamental to understand that energy is essential to our societies as the story of humanity has 

been substantially changed according to energy sources that have been exploited.  Today, 

modern energy services fuel economic activities, provide comfort and mobility, and contribute 

to health and well-being (OECD, 2012). This section therefore focuses on (1) defining the 

fundamental concepts linked with the topic of ‘energy’ and (2) providing a concise summary 

of the global present and forecasted energy context. 

2.1 Fundamental Concepts 

Energy can be defined as the ability to modify a state or to produce work (Ngô, 2008). The 

measure of the international system for energy is the joule (J) which equals to [1 kg × 1 m2/s2]. 
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However, this unit is not suited for studying human societies so that other measures will 

often be used, such as the kilowatt-hour (1kWh = 3,6MJ). Early in this discussion, it is useful 

to distinguish the energy (Watt-hour) from the power (Watt). The energy is a quantity while 

the power is the rate at which we use or produce energy (MacKay, 2008). Therefore, energy 

is the power multiplied by the amount of time. It is essential to characterize further the concept 

of energy so that this thesis will (1) define the concept of ‘energy’, (2) introduce the reader to 

the laws of thermodynamic, and (3) develop further the concept of ‘entropy’.  

What is energy? Let us focus on the main forms of energy relevant to our economy according 

to Narbel, Hansen & Lien (2014). (1) Mechanical Energy is energy due to masses such as 

potential energy, which is energy possessed by a body at rest due to forces that applied to it, 

or kinetic energy, which is the energy possessed by an object due to its motion. Such type of 

energy can be encountered in dams for hydropower, which keeps a mass of water upward so 

as to store potential energy. (2) Chemical energy is the amount of useful energy stored in 

molecules. Such energy can be met during the combustion of a material which is a chemical 

reaction with oxygen, releasing energy in the form of heat. (3) Electrical energy is the energy 

carried by the motion of electrons. (4) Nuclear energy refers to the energy stored between 

subatomic particles. (5) Thermal energy or heat represents an energy transfer due to 

mechanical energy of atoms and molecules. Last but not least, (6) electromagnetic energy is 

the energy carried by photons, which are massless particles defining light. 

Energy can also be classified through an anthropogenic approach as either primary or 

secondary energy. Primary energy is the energy extracted directly from the environment such 

as nonrenewable energy —coal, crude oil, nuclear fuel, etc.— or renewable energy —biomass, 

wind, hydropower, etc.— (Demirel, 2012). Secondary energy is primary energy that has been 

transformed, such as electricity and fuel, to be used to meet human needs (Demirel, 2012).  

Adding to this classification is ‘useful energy’, which is the specific amount of energy that has 

been dedicated to provide to human a specific service, such as mobility or lighting. This 

conversion of energy implies the presence of a convertor, which can be a wind turbine, an 

engine, a human body... These conversions or transformations of energy into different form 

are not integral as demonstrated by figure 9 (Connaissance des Energies, 2020). Indeed, as 

shown in figure 9, which describes the world energy balance in 2005, only 169EJ (out of 496EJ 

of primary energy) is intrinsically dedicated to fulfill human needs. Understanding the physical 
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limit of energy conversion that this exemplifies requires an explanation of the laws of 

thermodynamics. 

 

Figure 9: Global energy flows of primary to useful energy, including losses, 
in EJ for 2005 (GEA,2012) 

Laws of thermodynamics can be explained with a classical approach or using a statistical 

approach; this thesis will rely mostly on the classical approach. Before defining the two 

fundamental laws of thermodynamics, it is essential to say that thermodynamics can be applied 

to materials systems. A system is simply a “set of objects, defined by a macroscopic 

geometrical envelope” (Schwartzentruber, 2007). A system undergoes a transformation when 

it passes from a state to another state, such as from electricity to light. A closed system may 

exchange energy but no matter while an open system exchanges both energy and matter, such 

as living organisms (Tame, 2019). Firstly, the discussion will only be in regard to closed 

systems. Within the closed system of Earth and with an anthropogenic approach, human beings 

rely both on the stock of primary energy such as fossils and uranium resources as well as on 

renewable energy flows that mainly derived from solar radiation. Quantitatively, the stock of 

fossil resources, including uranium, is substantially lower than the flow of renewable energy 

(GEA, 2012). For illustration, the upper estimation of aggregate stock (reserves and resources) 

of conventional fossil and uranium energy amounts to 495 560EJ compared to the 3,9 Million 

EJ of solar radiation that reaches Earth’s surface each year (GEA, 2012). Having understood 

the concept of system, laws of thermodynamics can be defined.  
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The first law of thermodynamics is the law of energy conservation; it (1) defines the heat 

as a particular form of energy, (2) defines the concept of internal energy, and finally, (3) 

declares that energy cannot be created nor destroyed.  Firstly, this first law implies ‘heat’ to 

be a particular form of energy (Nolting, 2018); indeed, heat is rather referring to ‘energy being 

transferred’ as it is transferred between two bodies of different temperature until thermal 

equilibrium is reached — zeroth law of thermodynamics (Struchtrup, 2014). This energy 

transfer is not random but can only move from a high temperature body to a lower temperature 

body. Secondly, the first law of thermodynamics defines another variable, internal energy, that 

is the internal energy of the system. Formally, the first law states that if internal energy of a 

closed system changes, the energy change is equal to the sum of the heat energy supplied to 

or removed from the system and the work done by or on the system (Saggion, Faraldo, & 

Pierno, 2019). Last but not least, the first law states that energy cannot be created nor destroyed 

(Struchtrup, 2014). Consequently, humans create only convertors of energy to transform one 

form of energy into another form. For instance, humans do not create electricity, they 

transform energy contained into something, such as a kilogram of coal, into electricity 

following multiple converting processes. Accounting for this law and the development of heat 

engines during the 18th century explains why thermodynamics have been receiving increasing 

attention. Indeed, heat engines convert heat, derived from the burning of fuel, into work. In 

the 18th century, the question was if a perpetual motion were feasible? In other words: Is it 

possible to manufacture an engine in which, in the absence of friction, the amount of work 

equals the amount of heat supplied? 

The second law of thermodynamics provides an answer by revealing the impossibility to 

convert heat completely into another form of energy, such as mechanical energy. Therefore, 

perpetual motion is infeasible in a closed system. In other words, even for an ideal, frictionless 

heat engine, only a fraction of the heat can be converted into mechanical energy (Saggion, 

Faraldo, & Pierno, 2019). In fact, the second law of thermodynamics, which was firstly 

enunciated by Sadit Carnot (1824) and was formulated differently through time — Clausius 

(1850), Boltzmann (1873)—, has remarkable consequences. Indeed, the law (1) defines a new 

concept called entropy, (2) sets the irreversibility of macroscopic events, and (3) sets the arrow 

of time. Firstly, this law sets a new measure, called entropy. Entropy can be viewed as a degree 

of orderliness in a system (Narbel, Hansen, & Lien, 2014); in energy, entropy can also be 

viewed as the degree of degradation of energy (Couix, 2015). Entropy, which is measured by 

comparing the final state to the initial state of a system, can only increase and cannot be 
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destroyed (Struchtrup, 2014; Tame, 2019). In a simple formulation, greater the 

entropy, the greater the degree of ‘disorder’ of the energy and the lower its quality (Jancovici, 

2018). Therefore, as the number of energy transformations is multiplying, there is an increase 

in entropy. The low entropy energy type is occupied by mechanical energy while the high 

entropy energy type is linked with low temperature thermal energy (Jancovici, 2018). The 

entropy is increasing until it reaches a maximum in which no work can be performed and no 

change in macroscopic parameter such as volume, temperature, and pressure are happening 

(Kümmel, 2011). This state is called thermodynamic equilibrium. In fact, closed systems left 

alone strive for equilibrium (Kümmel, 2011). Secondly, the second law of thermodynamics 

characterizes the irreversibility of some processes and sets a direction of macroscopic 

processes (Connaissance des Energies, 2015). Indeed, events are irreversible processes in 

disequilibrium situations; therefore, “all natural and technical processes we observe are 

irreversible processes” (Kümmel, 2011- pp.130). Natural processes are set as irreversible: why 

does milk spills but not unspill, why do waves break but not unbreak, why do humans grow 

older but never younger? (Lebowitz, 2007). The answer lies in the increase in entropy in 

disequilibrium process that determines the thermodynamic arrow of time (Kümmel, 2011). 

Hence, the second law of thermodynamics by defining the entropy, setting irreversibility of 

macroscopic events, and defining the arrow of time represents one of the most important law 

that will be referred numerous times in this thesis.  

Because the laws of thermodynamics and the concept of entropy are essential for later 

discussions, a simpler generalization to any macroscopic transformation process is undergone: 

Energy = Exergy + Anergy 

“The exergy is the useful ‘stuff’ which can be transformed to other forms of energy while the 

anergy is the low quality part which cannot be further transformed” (Narbel, Hansen, & Lien, 

2014, p.8). A high entropy means that the system has evolved to a thermodynamic state in 

which there is little exergy to dispose, unless energy is added to the system. It is valuable to 

specify that the amount of exergy in a transformation process depends on the type of 

technology used (Narbel, Hansen, & Lien, 2014). For example, early steam engines efficiency 

of heat to work conversion (exergy) was only of a few percent compared to up to 60% for 

modern combined cycle turbine/steam power plants (Struchtrup, 2014).  
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While previous discussions were focused on closed systems, the concept of entropy can also 

be generalized to living things —open systems— relying mostly on the works of Schrödinger 

and Prigogine, Nobel Prized of Physics (1933) and Chemistry (1977). Schrödinger (1945, 

pp72) states that “a living organism continually increases its entropy and thus tend to approach 

the dangerous state of maximum entropy”; consequently, “it can only keep from it (i.e. alive), 

by continually drawing from the environment negative entropy”. Negative entropy or 

negentropy can be thought as ‘information’ or as a factor of orderness. In other words, living 

organisms consume ‘information’, such as food to stay alive, but also store structural 

information, such as genetic material (Ayres, 2016); consequently, negative entropy structures 

the systems. Interestingly, the statement of Schrödinger does not contradict the second law of 

thermodynamics. Indeed, the price to pay for attaining a lower entropy within a system is an 

entropy increase in the other systems that interact with the subject system (Kümmel, 2011). In 

other words, the amount of negative entropy entering a system is at the cost of a greater 

production of entropy in its environment; so that, overall, it has been an increase of entropy. 

This fact led Ilya Prigogine to define ‘dissipative structures’ far from thermodynamic 

equilibrium. These structures maintain their integrity — growing or copying themselves—, in 

a disequilibrium state, by utilizing exergy supplied from the outside (Ayres, 2016). This use 

of exergy to ‘drawing from the environment negative entropy’ is counterbalanced in a greater 

way by ‘exergy destruction’ or ‘entropy production’ within the environment (Ayres, 2016). 

Therefore, one can understand that by applying the model of dissipative structures, the very 

existence of humans, as others open systems, is inevitably associated with “dissipation and 

increasing disorder” (Kümmel, 2011 – pp.133). It is scientifically necessary to say that while 

Prigogine and his colleagues have provided in a detailed language of thermodynamics 

processes of ‘dissipative structures, they did not succeed in providing a detailed quantitative 

thermodynamic explanation (Ayres, 2016).  

Henceforth, referring back to figure 9, which describes the world energy balance in 2005, the 

laws of thermodynamics provide insights not only on why humans needs this 169 EJ of energy 

(dissipative structures) but also on why 327 EJ of energy have been lost throughout the 

multiple conversion processes. While greater information on the link between entropy and 

human societies will be provided in the economic part of this thesis, there is a need to 

understand the present and forecasted global energy context.  
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2.2 Energetic Context:  

Limited by the laws of thermodynamics, humanity has seen the emergence of various 

convertors through history, from muscle power to heat engine. The emergence and expansion 

within a society of a convertor and the corresponding energy system depends on (1) the 

ecological and technological state as well as (2) the social structure governing the extraction 

and management of resources within a society (Debeir, Deléage, & Hémery, 2013). Indeed, 

both factors are interdependent and allow the emergence and domination of a specific energy 

system, which is “all components related to the production, conversion, delivery, and use of 

energy” (Allwood et al., 2014, pp.1261). For instance, “the Industrial Revolution has 

catapulted humanity onto an explosive development path, whereby, reliance on muscle power 

and traditional biomass was replaced mostly by fossil fuels” (GEA, 2012, pp.4). This transition 

is well demonstrated by figure 10 hereinabove that describes the primary energy by source for 

France from 1800 to 2008. The first industrial revolution (around 1830 in France) has led to 

the domination of coal while the second industrial revolution (1880-1914) has led to the 

emergence of oil and gas. This energy systems’ transition can be generalized to various 

developed countries in Europe that experienced similar industrial revolutions according to 

Figure 10: Long-term Energy Transitions, France (Ritchie & Roser, 2020c) 
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studies led by Kander, Malanima, & Wade (2015). Therefore, constrained by the laws of 

thermodynamics and the stock and flow of primary energy globally, humanity has been 

growing based on the construction of various energy systems. Given this fact, the following 

paragraphs will be dedicated to providing a global picture of the present and potential future 

states of global energy as well as the description of the energy challenge facing humanity.   

Global energy since 1800 has been substantially changed. As underlined earlier, humanity has 

discovered and become able to use various forms of primary energy, from coal to nuclear 

based energy.  Interestingly, as the chart below is showing, instead of changing from one form 

of primary energy for another, humanity as a whole has been added the various forms of 

primary energy. Indeed, while at a regional scale energy transition, such as moving from coal 

to nuclear energy, can be observed, globally, energy sources are accumulating. Such a fact is 

explained mostly by people searching for higher living standards, and to a smaller extent by 

population growth (BP, 2019). In 2018, world primary energy demand reached 14,414Mtoe 

with 41% from developed economies and 35% from developing economies including China 

(IEA, 2019). Interestingly, Africa without South Africa represented only 5% of the total 

primary energy demand in 2018. (IEA, 2019). Regionally, looking at the period 2000-2018, 

the world can be characterized as dual with developed countries stabilizing or decreasing their 

consumptions of energy while developing countries demanding more and more energy, relying 

Figure 11: Global Primary Energy Consumption (Ritchie & Roser, 2020c) 
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mostly on fossil fuels (Appendix 1). Therefore, while one part of the world has 

experienced a stagnation in energy demand, the other part of the world has experienced an 

expansion in energy demand. Studying the type of primary energy demand globally, the share 

of energy from fossil fuels amounts to 81% of the total in 2018 compared to 80% in 2000 

(IEA, 2019). While renewable energy from 2000 to 2018 has more than doubled globally, the 

world stays highly dependent on fossil fuels (IEA,2019). Before looking at the global outlook, 

it is essential to understand why there is such dependency on fossil fuels. 

The dependency on fossils fuels may be summarized by two main characteristics which are 

the power as well as the intermittency and dispatchability. Firstly, human societies not only 

ask for a large amount of energy as input, they also ask that this energy be available on a short 

period of time. In other words, a key characteristic is the power. Indeed, while one liter of 

essence can release its 10kWh of energy content in a short amount of time, a wind turbine will 

need a longer time to provide the same quantity of energy. Consequently, while 3.9 Million 

EJ of solar radiation reaches Earth’s surface each year, this energy is dispersed over a great 

surface; in other words, there is little power per unit of surface. Because of modern lifestyles, 

humanity is deeply interested in energy sources that have ‘concentrated energy’ as these 

sources can deliver a great quantity of energy in a small amount of time. Secondly, the 

concepts of intermittency and dispatchability have a negative effect on the use of increasing 

renewable energy in humans’ energy systems. Intermittent sources of energy are not 

permanent or continuous; for example, the sun does not shine continuously and uniformly. On 

the other hand, the characteristics of non-dispatchability is the ability of a power plant to be 

turned on quickly to a desired level of output; for example, the engine of a gas power plant 

can be turned on when desired and the power generation can be controlled. However, wind 

and sun cannot be controlled. Both of these characteristics are inadequate with modern 

lifestyle. Greater management of energy usage or energy storage solutions must be developed 

to compensate for these two characteristics. Henceforth, due to the need of a great power 

potential as well as the characteristics of intermittency and dispatchability of renewable 

sources of energy, humanity became and stays highly dependent on fossil fuels.   

Concerning the trends in global energy demand, this thesis relies on scenarios developed by 

the IEA (2019). The Stated Policies Scenario (STEPS), which reflects the scenario considering 

the policies that governments have put in place or announced, will be compared to the 
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Sustainable Development Scenario (SDS), which reflects a scenario in adequation with a 

66% chance of limiting temperature rise to 1,8°C (IEA, 2019).  

 

Figure 12: Energy-related CO2 emissions by scenarios (IEA,2019) 

The STEPS conducts to limit temperature rise below 2,7°C or 3,2°c above pre-industrial 

average with a probability of 50% and 66% respectively (IEA, 2019). Therefore, a great effort 

should be undergone to have the chance to take the road of the SDS path. The IEA (2019) sets 

various methods such as the increase in energy efficiency, the transition to renewables, or the 

development of nuclear power in order to join the SDS path. Overall, the total primary energy 

demand would reach 17,723 Mtoe in 2040 for STEPS and a 13,279 Mtoe for SDS compared 

to the 14,314Mtoe in 2018 (IEA,2019). Regionally, the sustainable development scenario 

relies on a decrease in energy demand from developed economies, stagnation and small 

decrease in energy demand from developing countries and increase and stagnation for the rest 

of human economies toward 2040 (IEA, 2019). Therefore, while the global energy system is 

large and typically slow moving, this system must transform itself in order to reduce the annual 

average annual emissions from the energy sector by approximately 800Mt CO2 (IEA, 2019; 

GEA, 2012). 
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3. Conclusion: Environmental and Energetic 
Context 

This part of this thesis was dedicated to provide a global picture of the state of the world by 

describing the causes and effects of climate change and land degradation as well as defining a 

key concepts for the rest of this thesis which are the energy and the entropy. 

Climate change is driven largely by anthropogenic emissions of greenhouses gases that lead 

to a radiative imbalance affecting the earth’s energy budget. The consequences of climate 

change are unprecedented and are combined with the effects of land degradation. Indeed, due 

to improper grazing land and cropland management, to disturbance of forests, to development 

of extractive industries, and finally to expansion of urban and infrastructure, our societies has 

caused land degradation. In coordination with climate change, land degradation distorts earth’s 

ecosystems on which humans rely, degrade water resources, and impair global food security. 

Underlying causes of such consequences are often economical, technological, and institutional 

(Barger et al.,2018).  

While the development of human society as whole has been strongly beneficial for humans, 

the environmental consequences that have been experienced and analyzed since past decades 

have been unprecedented. In fact, the experienced development rate of humans’ societies has 

been mainly possible by the creation of an exo-skeleton (machines) based on rising primary 

energy demand with fossil fuels in front. In a simple way, this exo-skeleton that runs on fossil 

fuels has conducted great benefits for humanity but long-term, substantial, and negative 

consequences for the planet.  

Climate change, land degradation, and other related issues facing humanity are closely linked 

and interdependent, so that addressing them simultaneously is imperative (GEA, 2012). 

Energy and its management offer a useful entry point into many of the challenges. While 

humanity has the resources, ingenuity, and the technologies to respond to present challenges, 

it lacks appropriate institutions and governance structures (GEA, 2012). Consequently, the 

rest of this thesis is dedicated to an economic analysis and finally to the scheme of a new 

possible institution that might help the resolution of present environmental challenges.   



B. Biophysical Economics, Sharing 
Economy, and P2P Economy 

1. Mainstream Economics and Biophysical 
economics 

Economy was first defined in the Ancient Greece by Xenophon in Oeconomicus as an art of 

household management (Raworth, 2017). To comprehend this system, Economy has evolved 

into a science under the term ‘Economics’, or the science of economy, and gained attention 

mostly after the 19th century. In fact, the economy, consisting of people, machines, and natural 

resources, is one of the most complex systems that science has been trying to understand. In 

modern times, Economics has taken a central place in our society. Lord Keynes even said that 

“ideas of economists and political philosophers, both when they are right and when they are 

wrong, are more powerful than it is commonly understood. Indeed, the world is ruled by little 

else. Practical men, who believe themselves to be quite exempt from any intellectual 

influences, are usually the slaves of some defunct economist.” (Keynes, 1936, pp.386). 

Therefore, the following part of this thesis is dedicated on economics. 

Economics is now commonly defined as “the science which studies human behavior as a 

relationship between ends and scarce means which have alternative uses” (Robbins, 1969-

pp16). Economics today is mainly applied according to the neoclassical school, which is 

rooted in Keynesian economics with influences from diverse schools such as the Austrian 

School of Friedrich Hayek. Economics has been concentrated on social issues with the idea to 

focus on “deriving maximum well-being, as defined subjectively by each individual, and the 

resources available to each individual” (Hall & Klitgaard, 2018 – pp.6).  

The following discussions on economics is dedicated to a summary of the tenants of 

neoclassical economics and the critique raised by biophysical economics. Biophysical 

economics attempts to reform economics without discarding all of what neoclassical 

economics states; it aims only at providing a more comprehensive view on the interactions 

between the natural world and the economy. Therefore, while the following discussion has 

neither the ambition nor the objective to deeply critique mainstream economics, it will 

underline key critiques raised by biophysical economics. Biophysical economics, which is 

separated from ecological economics, is a relatively new school of thoughts that can be 
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retraced to the physiocrats (François Quesnay, 18th century), who maintained that 

economic value derives from land and its uses (Hall & Klitgaard). Consequently, this thesis 

(1) highlights essential criteria that defines neoclassical economics, (2) summaries key 

critiques raised by biophysical economics, and (3) details a major argument which is the link 

between entropy and economics. 

1.1 Mainstream Economics 

Mainstream economics is dedicated to the analysis of individuals, which are presumed self-

interested, rational, and independent from each other (Cochet, 2015). Simply, these individuals 

form a system of two entities: (1) Households, which sell or rent lands, labor, natural resources, 

and capital to firms in exchange for something; (2) Firms, which combine factors of production 

in order to produce goods and services in return for something (Hall & Klitgaard, 2018).  

Consequently, there are two markets. The first is dedicated to the exchange of goods and 

services and is called the product market; the second is the factor market in which factors of 

production are exchanged (Hall & Klitgaard, 2018). On both markets, the interaction of supply 

and demand determines simultaneously equilibrium levels of price and quantity, which is said 

efficient and fair (Hall & Klitgaard, 2018). This mechanist view of economics led Stanley 

Jevons to define economics as “the mechanics of utility and self-interest” (Jevons, 1879, 

pp23). 

Figure 13: Circular flow with leaks and injections  Figure 13; Circule flow with leaks and injections: In this model the factors of production are: Land 
(L), Labor (L), and Capital (K). Factor payments are indicated by: Rent (r), Wages (W), Interest (i), and 
Profit (π). The top flow from firm to households represents Goods and Services (G&S), while the top 

flow from household to firm takes the form of Money ($)” (Hall & Klitgaard, 2018, pp.9) 
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Two fundamental points should be raised. First, if optimality within the market is not met, 

interventions from the institutions are applied to the market to achieved economic equilibrium; 

in other words, to get the right price (Ruth,	2011). Instruments for interventions range from 

the imposition of taxes to monopoly deregulation. Second, according to hereinabove theory, 

things of value to people have a price, and things that lack value are not included in the market 

(Hall & Klitgaard, 2018). Well understood by economics, this system gives rise to 

externalities, which refer to a gain and more generally a loss associated with a market 

transformation (Hall & Klitgaard, 2018). For example, pollution of fine particles within urban 

areas is an externality of economic activities. In this vein, concerning the environment, a sub-

discipline of neoclassical economics is dedicated to the study of reducing negative 

environmental externalities using market interventions. The discipline is named 

‘environmental economics’. This discipline studies interventions such as carbon taxes to 

reduce environmental damages from economic activities.  

Another aspect of economics is the study of economic growth. Economic growth may be 

defined as “an increase in the production of goods and services in an economy” (Chappelow, 

2019). According to the values of goods and services exchanged, in real terms, one can 

calculate the Gross Domestic Product (GDP). Comparison of GDP along the years, commonly 

defines the economic growth (Chappelow, 2019). Economic growth is an economic 

phenomenon that has been heavily studied and stays at the heart of economics. Based on the 

Cobb-Douglas function, one common view of neoclassical economics, raised by Solow in 

1956, is to explain economic growth by the continuing advancement of the technical progress. 

1.2 Critiques from Biophysical Economics 

While biophysical economics is a relatively new discipline and is not at an affirmed theoretical 

and practical stage, it raises essential issues on mainstream economics (Cochet, 2015). This 

economics school is mainly derived from the work of Nicholas Georgescu-Roegen with his 

studies of thermodynamic applied to economics and from Howard T.Odum with his work on 

ecological systems in the 70s. The key message from biophysical economics is that economics 

have to balance social science with physical science by integrating stock and flow of matter 

and energy within the economic system (Cochet, 2015). Indeed, Hall & Klitgaard (2018, 

pp.68) raised that neoclassical economics (NCE) « does not recognize or reflect the fact that 

economic activity requires the inputs and services of a finite biophysical world which is 
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usually diminished and degraded by that activity”. Thus, major critiques of (1) 

derecognition of the biophysical matrix and (2) the need to refer to physical work will be 

studied. 

On the one hand, biophysical economics’ main critique is that mainstream economics does not 

include the biophysical matrix, in terms of laws and boundaries. Concerning laws, the NCE 

system depicted previously can be compared to a perpetual motion machine, without energy 

inputs nor entropic loss (Hall & Klitgaard, 2018). According to the laws of thermodynamics 

such machine cannot exist. There is a need for inputs; indeed, the economy associated with 

the human superorganism ‘eats’ exergy and resources. Consequently, Georgescu-Roegen’s 

student, Hermann Daly (1977), criticized the conceptual model of the economic process by 

underlining that the circular flow of exchange value is coupled with a physical flow of matter-

energy which is not circular. In the same vein, Ayres (1978) described as inconstant the closed, 

cyclic standard economic model; using a material-energy balance model, he emphasized that 

low-entropy matter and energy were entering the economic process and ultimately left it as 

high-entropy waste (Cleveland, 1999). Another similar approach was raised by Kümmel 

(2016) with its capital-labor-energy-creativity model (KLEC). An illustration to the 

importance of the biophysical matrix, and especially energy, for the economy is given by 

Rifkin (1980 – pp.123) that raises the argument that “inflation is tied directly to the depletion 

of our nonrenewable energy base”. Verifying this statement, a study from the European 

Central Bank (ECB), in 2008, shows that 0,9 percentage point of the 2% inflation rate was due 

to energy prices (Rubene, 2018). It is relevant to see the difference between ‘energy prices’, 

ranged from renewable to nonrenewable sources, of the study from the ECB and the idea of 

depletion of ‘nonrenewable energy base’ defended by J.Rifkin. In conjunction with these 

critiques about the mainstream economic model, biophysical economics also criticized the 

absence of boundaries in the model. While neoclassical speaks about scarcity, the term refers 

only to relative scarcity rather than absolute scarcity, as materials are taken as substitutable 

(Hall & Klitgaard, 2018). Biophysical economics establishes that resources are legitimate and 

are a key topic in economics and that energy, or in fact exergy, is the ultimate resource (Ayres, 

2016). For illustrating the dominant importance of exergy, it is interesting to compare 

conclusions of Barnett, H., and C. Morse (1963) to Cleveland (1991). The first, while 

affirming a ‘new’ form of resource scarcity due to problems of space and nature preservation, 

maintain that there was no increasing scarcity of raw materials as determined by their inflation 

corrected price between 1900 and 1950 in the US. Such conclusion was again supported by 
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Barnett in 1979 and by most economists (Hall & Klitgaard, 2018). On its counterpart, 

Cleveland (1991) showed that the only reason why there was no increasing scarcity within the 

same period in the US was explained by the decreasing price of energy; expressly, while there 

were decreasing concentrations and qualities of resources, the low price of energy has 

permitted to produce constant quality materials at the same price. Hence, according to 

biophysical economics, because the second law of thermodynamics maintains that Nature 

places limits on the amount of energy that can be withdrawn, economists should recognize at 

least bare boundaries to reflect the physical requirements of any economic activity (Rosa et al. 

1988 ; Hall & Klitgaard, 2018).  

 

Figure 14: Circular flow with leaks and injections according to Biophysical 
Economics: 

  

On the other hand, biophysical economics critiques that NCE does not refer to physical work. 

Indeed, as underlined by Cook (1971, pp.135), “the success of an industrial society, the growth 

of its economy, the quality of the life of its people and its impact on other societies and on the 

total environment are determined in large part by the quantities and the kinds of energy 

resources it exploits and by the efficiency of its systems for converting potential energy into 

work and heat”. Interestingly, in addition of stressing the role of energy that is the source of 

the physical works for modern societies, Cook puts into relation economic growth and energy. 

Commonly and as shown previously, energy is not included in growth theory. In fact, 

according to Solow’s theory of growth based on Cobb-Douglas function, technological change 

is the main factor of long-term economic growth. In depth, Cobb-Douglas function defined 

Figure 14: Circular flow with leaks and injections according to Biophysical 
Economics: Addition of the basic energy and material inputs and outputs to the 

economic processes represented in figure.13 (Hall & Klitgaard, 2018) 
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the quantity (Q) of output in function of capital (K) and labor (L), which are 

multiplied by a constant (A), the technological change.  

!	 = 	$%!&"	 

In this function, the technological change (A) is independent of the two other factors and is 

calculated as a “residual left when the contributions of the measured factors (i.e. capital and 

labor) are subtracted from the growth rate of total economic output” (Hall & Klitgaard, 2018 

– pp.70). For illustration, an analysis of Sollow (1957) over the period 1909-1949 in the US 

shows that capital-labor factors could not explain nearly 90% of the observed growth. This 

fact led Sollow (1957) to argue that such residual may be explained by ‘technical progress’; 

while admitting that it may be a ‘measure of our ignorance’ (Ayres & Warr, 2010). Continuing 

the illustration, in relative opposition to the technological view, Ayres & Warr (2005) tried to 

account for exergy used to explain US economic growth since 1900. Based on their model, 

they concluded that it was exergy converted to useful work that drives long-term economic 

growth, as no residual were present before 1975 and only 12% of the economic growth were 

still unexplained after 1975 when integrating the variable ‘exergy’ (Ayres & Warr, 2005). This 

illustration shows, therefore, the importance of exergy used as physical work to explain 

economic growth. Careful, Ayres and Warr do not support that technical progress does not 

account; however, they establish that technological change has permitted humans’ societies to 

use increasingly exergy converted into physical work. Globally, while other factors are surely 

present to explain economic growth, such as information technology, studies led by Ayres and 

Warr demonstrate the importance of accounting for physical work. Consequently, due to the 

incapacity of creating an economy that functions as a perpetual machine with exponential long 

term growth, Kümmel (2011) heavily argues against the assumption made by the ‘Stern 

Review report on the Economics of Climate Change’(2006) of a 1,9% growth rate for 200 

years in the future.  

Henceforth, biophysical economics major critiques pinpoint the need for neoclassical 

economics to integrate the biophysical matrix as well as to account further the concept of 

physical work within economics. According to hereinabove, one can understand that energy, 

and precisely exergy converted to physical work, may take a preeminent place in the 

discussion on economics. However, remember that “all energy conversion processes produce 
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entropy” (Kümmel, 2011 -pp.113). Consequently, instead of speaking only about energy, it 

may be compelling to give more attention to the link between entropy and economics.  

1.3 Focus: Entropy and Economics 

Looking at the link between entropy and economics within the system considered by 

biophysical economics, we have low-entropy energy and material that is degraded to produce 

work which, in turn, produces not only low-entropy configurations of molecules (goods, 

capital plant…) but also information (services, technological know-how) (Ruth, 2011). 

However, this localized production of low-entropy and information is accompanied by a 

greater increase in the entropy of the surroundings (Rifkin, 1980). This idea was firstly 

defended by Georgescu-Roegen (1975 – pp.353), which established that “all economics 

process does is to transform valuable matter and energy into waste”; waste being energy and 

material of high entropy. In other words, referring to the ‘dissipative structure’ of Prigogine, 

human societies are, at least, compensating their own entropic degradation by continuously 

assimilating low entropy within their system while rejecting greater amount of higher entropy 

in their environment. Yet, human societies have not been compensating but accumulating low-

entropy to maintain rapid economic growth; consequently, links (1) between entropy and 

economic processes and (2) entropy and pollution are studied. 

On the one side, one can be interested in the direct link between entropy and the economic 

process. Rifkin (1980) argues that mainstream economics went to the other way of entropy. 

Indeed, while the Entropy Law establishes that all things can only be transformed from an 

usable to an unusable state, J.Locke, father of the Liberalism, argues that everything in Nature 

was waste until humans have transformed it into usable things (Rifkin, 1980). In addition to 

this point that elevates human societies to the rank of ‘dissipative structures’, remember that 

the Entropy Law sets only the irreversibility of our action by establishing the direction of time; 

it does not set the speed by which the entropy process is advancing (Rifkin, 1980). This is a 

crucial point in regard to the development rate experienced by human societies as we have 

seen that humanity has been increasingly consuming energy — mainly fossil resources. While 

Rifkin (1980 – pp.50) states that “the faster the energy of the world is used up, the fewer are 

the possible occurrences left that can unfold”, it is in fact the ‘exergy converted to useful work’ 

that matter. Two consequences derive from this fact. (1) By asserting that economic value is 

closely related to negentropy added, the higher the negentropy added to the open system of 
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human societies, the better will be the economic state on the short run. Because, 

negentropy is not a substitute to exergy but only the consequence of human societies to 

efficiently transform exergy into physical work, the technological progress can play a key role. 

Indeed, better will be the technology, greater will be the exergy converted into physical work. 

Concerning technologies, a combustion engine has an energetic efficiency between 10 and 

50%, the natural process of photosynthesis can amount up to 6%, wind turbines cannot surpass 

59%, and photovoltaic cells may attain 85% theoretically but often reach today only 15 to 20% 

(Hisour, 2020). In fact, Rifkin (2012 – pp.299) even stated that “for the past 30 years, we have 

wasted 86% of the energy we use to produce goods and services”. Consequently, technological 

progress can play a key role in maintaining and improving the value added by the economic 

process while respectively maintaining or decreasing ‘how fast the energy of the world is used 

up’.  (2) Suppose now that exergy is not endlessly available and that both labor and capital 

depend on the availability of exergy as supported by biophysical economics, it is exergy that 

becomes the limiting factor of economic processes (Ayres, 2016). As stated in the first part of 

this thesis, energy sources can come from stock (fossil fuels) or flow (solar-based energy and 

Earth’s heat). Less easily to use for human societies, the energy sources from flow are, to a 

great extent, greater in volume than energy sources from stock but represent a relatively small 

part of the energy used globally as shown in the first part of this thesis. The on-going use of 

energy source from stock is, by definition, limited to the stock available; or in other words, by 

using rapidly these types of energy, “the fewer are the possible occurrences left that can 

unfold”. Henceforth, economic value creation is directly linked with ‘how’ and ‘from what’ is 

consumed exergy. In other words, human capacity to strive negentropy within its systems 

relying mostly on energy stock (fossil fuels) has been defining the underlying process of 

economic value creation for human societies.	

Another view to analyze the link between entropy and economics is to look at the consequence 

of entropy production within the closed system of ‘Earth’. As stated earlier, economic process 

comes with the release of high-entropy into the environment which affects negatively and on 

a long-term basis the environment. This effect is called pollution. This fact must be placed 

into relation with the fact that humanity has experienced a great acceleration in the use of 

energy since the last two centuries due to the extraction of energy stock (fossil fuels…). This 

growing consumption of useful energy from stock has triggered greater dissipation and 

disorder. In other words, pollution rate has been growing and humanity feels even today the 

consequences of it as enumerated in the first part of this thesis. Following, an instinctive 
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reaction would be to say that by changing from nonrenewable sources of energy to 

renewable sources of energy, the pollution problem would be set. However, the problem is not 

about energy per say but about entropy production. Indeed, going deeper into the analysis, 

even in the case of increasing and massive reliance on energy sources from flow, assuming 

similar modern lifestyles, entropy creation into the environment will still be a reality. 

Therefore, according to Rifkin (2012) in its book ‘the Third Industrial Revolution’, a complete 

transition toward ‘green’ energy would not be a solution. Consequently, in the same book, 

Rifkin (2012) urges to the budgeting of energy consumption devices to meet the natural 

recycling rhythm that is constrained by Nature. This goal is arduous! It asks humanity to 

monitor the global rate of resource depletion and the pollution rate that result (Georgescu-

Roegen, 1995). Yet, according to Georgescu-Roegen (1995), humanity can only prevent the 

unnecessary waste of resources and the unnecessary degradation of the environment without 

knowing exactly, even with today advanced prospective studies, the signification of the 

adjective ‘unnecessary’. The idea raised by Georgescu-Roegen is, then, interesting as it raises 

the concept that future needs and future technological state are hard to predict. Last, for more 

completeness, while this thesis associates a number of time Georgecu-Roegen and Rifkin, it 

is important to say that Rifkin’s view pull away from the vision of Georgecu-Roegen but get 

closer to the view of Daly (1977), who defends a steady-state economics paradigm (SSE). SSE 

is defined as “an economy with constant stock of people and artefacts, maintained at some 

desired, sufficient levels by low rates of maintenance ‘throughput’, that is, by the lowest 

feasible flows of matters and energy from the first stage of production to the last stage of 

consumption” (Daly, 1977 – pp.17).  

Henceforth, studying the link between entropy and economics opens new ways of analyzing 

economics. Only looking at entropy, it seems that an economic process is, on the one hand, 

bounded internally by its capacity to extract, transform, and use energy in terms of exergy 

converted to physical work. This physical work permits to produce low-entropy configurations 

of molecules (goods…) and information (technological know-how…) in the economy of 

human societies. On the other hand, the economic process may be bounded externally due to 

the long-term effects of the released of high-entropy energy and matter into the environment, 

called pollution.  

Consequently, while “dissipation and increasing disorder are inevitably associated with our 

very existence” (Kümmel, 2011 – pp.133), potential paths do not all lead to increasing disorder 

at increasing rate. Indeed, modern times have led per capita energy use per day to grow from 
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30kWh in A.D 1400 globally to 76kWh in the US in 1850 and to 216 kWh in 2015 in the 

US; however, other paths may exist for increasing disorder at lower rates. This possibility 

conducts Rifkin (1980) to state that “on the whole, Homo Sapiens should move from a 

colonizing state (maximizing the flow of energy) to a climactic phase (minimizing flow-

through of energy). In other words, human societies have to pursue the aim to rationalize its 

actions in (1) minimizing the use of energy and (2) maximizing the efficiency of energy 

convertors in order to (1) maximize the localized production of low entropy products and 

information to the benefits of short term economic processes while (2) minimizing the release 

of high-entropy matter and energy into the environment to reduce long term effects on 

economic processes. 

1.4 Economics Conclusion 

This section on economics had the objective to provide the reader an introduction to this thesis 

holds by the biophysical school of thoughts and insights to the link between entropy and 

economics. Greater information and in depth biophysical economic studies were led by Hall 

& Klitgaard (2018), Ayres (2016), and Kümmel (2011); but, because “ideas of economist are 

more powerful that it is commonly understood”, it was important to overview economic 

theories that not only takes into account the social sphere but also the biophysical sphere 

(Keynes, 1936, pp.386). The idea that humanity should move to a climactic phase, considering 

entropy, is an interesting, valuable, and defended paradigm that the present thesis upholds.  

In order to do the transition to the two other components that form this section, which is the 

study of the state of the sharing economy and the emergence of the peer-to-peer economy, we 

will cite at length Jeremy Rifkin’s words from ‘The Third Industrial Revolution’. 

“We are witnessing the emergence of a new scientific vision of the world, whose premises 

and postulates are more compatible with the networked ways of thinking that underpin an 

economic model of the third industrial revolution. Old science sees Nature as a set of 

objects; new science sees it as a set of relationships. The old science is characterized by 

detachment, expropriation of resources, dissection and reductionism; the new science is 

defined by commitment, replenishment, integration and holism […] The old science wants 

power over Nature; the new science wants partnership with Nature. (Rifkin, 2012 -pp.318, 

Translated with www.DeepL.com) 
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2. Sharing Economy and P2P Economy 

While this thesis has been so far focusing on scientific and economic concepts, this thesis will 

be dedicated to the study of two trends that characterized in part what Rifkin names ‘the age 

of access’. These trends are emerging mostly in modern societies and are linked with new (or 

reborn) cultural values. Consequently, there is then the integration of cultural values within 

this thesis, which was sporadically raised throughout this thesis and underlined through the 

citation of Rifkin but will take a greater importance in the following part of this thesis. Indeed, 

the rest of this thesis is rooted in the ‘new science’ view, to restate Rifkin. Moreover, the focus 

of this thesis narrows to the observations of trends that are mostly observable in Europe, North 

America, and others advanced economies.  

The age of access is led by the growing importance of networks linked with a logic that avoids 

long-term ownership in favor of short-term access (Rifkin, 2000). Consequently, the second 

part of this second section of this thesis is dedicated to define (1) the sharing economy and the 

Peer-to-Peer (P2P) economy, (2) the status and critique of the sharing economy, and finally, 

(3) the state and challenges ahead for the development of the P2P economy. 

2.1 Definitions of Concepts 

For a decade the sharing economy and the peer-to-peer economy are two trends that partly 

define the new economy of modern societies. It is, therefore, essential to define these two 

trends, identify the causes of their emergence, and outline their effects on the economy.  

On the one side, the Sharing Economy or Collaborative Economy may have various 

definitions, therefore, this thesis will only account definition of the European Commission: 

“A collaborative economy builds on business models, where private individuals (service 

providers) offer their unused goods, services or resources, with or without compensation, to 

other private individuals or businesses (customer) via an online collaborative platform, which 

facilitates contacts and transactions between them.” (EU, 2017, pp.10). This definition has the 

benefits to stress the characteristic of the sharing economy that relies on online platforms, 

which become a two-sided market in the sense of Rochet and Tirole (2003). Because the 

success of platforms depends on reaching a critical mass of users on both sides, various 

determinants should be met by platforms to hope to succeed (Evans, 2009). The determinants 

are the level of confidence developed by the platforms, the geographic surroundings of 
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potential users, age and education level of the population, and finally, the equipment and 

numerical skills of the population (Malardé, Pénard, 2019). All of these determinants may 

influence the success of attaining a critical mass of users in order for the platform to ensure 

sharing economy practices to prosper. Illustrations of platforms of the sharing economy within 

modern societies are named AirBnb, Blablacar, Koko, ShareyourMeal… Because this thesis 

excludes platforms in which transactions entail a change of ownership, platforms such as Ebay 

or Leboncoin are excluded. On the other side, the peer-to-peer economy is “an intersubjective 

dynamic characteristic of distributed networks” (Bauwens & Sussan, 2005). In fact, the peer-

to-peer economy takes its root within the computer science area that has seen the emergence 

of open-source software. P2P economy is not well defined as its boundaries may be 

characterized as ‘blurry’. Consequently, this thesis will rely on the view of M.Bauwens that 

created the P2P foundation and stresses that the peer-to-peer economy is linked with the 

production of shared value (Roussel, 2015). Therefore, this thesis will distinguish the peer-to-

peer economy to the sharing economy, which may rely on peer-to-peer models. The P2P 

economy processes are associated with the production of value (peer production), are self-

governed (peer governance), and does not have profit as the main goal but the value in use 

(Bauwens & Sussan, 2005). The P2P processes are mostly illustrated within the sphere of 

nonmaterial goods and services such as all the family of the Wiki, Enspiral (initially in New-

Zealand), or Sensoria (initially in Canada). On the material and service side, large-scale P2P 

economy processes have marginally appeared due to challenges to overcome, which will be 

explained later. 

The strong and sustain growth of the sharing economy as well as the emergence of the P2P 

economy are due to a bundle of factors according to Goudin (2016) and Basselier, Langenus, 

and Walravens (2018):  (1) The technological development — and the advance of 

digitization— is the greatest force that facilitates access to various services and goods for 

everyone. (2) The evolving economic behavior, in the wake of the financial crisis of 2008, has 

been changing due to significant and durable impact on household purchasing power. 

Consequently, the sharing economy arise as a mean to save money while permitting access to 

various goods and services. (3) The urbanization has been also a cause for the rise of the 

sharing economy; indeed, the high density of population favors the emergence of a 

community. (4) Last but not least, the societal and environmental factors are predominant. 

Cultural values and social norms are evolving toward increasing environmental 

considerations, which are partly defined by less consumption and increasing exchange. These 
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four causes explain the development of the sharing economy in the advanced economies. A 

study made by PWC (2016) forecast in Europe that the revenues from the sharing platforms 

may attain $85billion in 2025 compared to $4 billion in 2016 and $1 billion in 2013. However, 

the rapid development of the sharing economy comes with downside, which advanced 

economies have been experiencing according to Goudin (2016) and Basselier, Langenus, and 

Walravens (2018): (1) Traditional players of the economy have been suffering from the 

emergence of the sharing economy, as illustrated by the case of entities part of the hotel 

industry against AirBnB. Indeed, the sharing economy players often substitute rather than add 

to the offers of traditional players. (2) Taxation is another issue that is linked with the sharing 

economy platforms. Because taxation is playing a crucial role into the conduct of the national, 

regional, and municipal institutions, the amputated revenue represents a threat to these 

institutions. (3) Another issue pertaining to the social dimension is the reconsideration of the 

idea of ‘work’. Indeed, in traditional economy, ‘work’ is well defined and is linked with 

obligations and rights both for the employee and employer. However, the sharing economy 

pushes to rethink the salary system and to determine other social protection. (4) Another aspect 

of the sharing economy is its impact on the environment. While considered overall as 

beneficial, studies of ADEME (2012) and Demailly & Novel (2014) reveal that the sharing 

economy may have negative feedback effects. For example, they raised that a different 

consumption may not necessarily mean the reduction of the consumption. 

2.2 Sharing Economy: State and Critique 

Sharing economy is increasingly present in advanced economies but tends to walk away from 

its initial vision. After showing this fact, this thesis will focus on the environmental 

consequences of the sharing economy by relying on a study from France led by the French 

public organization ADEME et al. (2016). 

In the EU-28 in 2016 the size of the sharing economy was estimated to 26,5 billion euros and 

represented 394000 jobs or 0,15% of the total employment in EU-28 (EU, 2017). The major 

sectors of the sharing are represented by the finance, accommodation, online skills, and 

transportation sectors (EU, 2017). The level of development of the sharing economy varies a 

lot through the European countries, with large markets in France, the UK, Poland, Spain, 

Germany, Italy, Denmark representing 80% of the total collaborative revenues in 2016 in 

Europe (EU, 2017). The sharing economy is based on activities of the youngest generations, 
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as illustrated by the case of France in which where a large majority of users are 

younger than 35-year-old (PIPAME, 2016). Moreover, the sharing economy is expected to 

continue to increase at 35% yearly until 2025 (PWC, 2016). This development of the 

collaborative economy is not only present in Europe but is a worldwide trend. Indeed, 

according to the Nielsen report (2014) relative to 60 countries, the concept of the sharing 

economy attracts people. It turns out that 68% of global respondents affirm that they are 

willing to share their own goods and 66% are willing to use or rent from others.  Therefore, it 

seems that the collaborative economy, by valuing individual autonomy and contributing to 

creation communities, is a profound trend within the economy.  

However, the sharing economy tends to walk away from its initial vision. Indeed, the sharing 

economy appeared based on a vision of inclusivity and sustainability; yet, the dominant online 

platforms are far away from this vision. Bauwens and Kostakis (2017) define the dominant 

platforms of the sharing economy, such as AirbnB, as based on an ‘extractive model’. Theses 

platforms extract values from transactions passed through their platforms without reinvesting 

the value within the community. Therefore, there is a global tendency of the sharing economy 

to be linked with a ‘winner takes it all’ combined with a structure of rent-geared-to-own 

capitalism (PIPAME, 2016). Moreover, it is valuable to stress that the dominant platforms are 

focusing on the upper-middle class rather than the lower income households (Crespo & Olalla, 

2019). The concept of ‘sharing’ is then only becoming a “marketing claim” according to 

Bauwens and Kostakis (2017, pp.60) or an “oxymoron” according to Crespo and Olalla 

(2019). In other words, while the sharing economy may have huge potential to help people in 

meeting their needs and creating resilient communities, these ‘extractive models’ that 

dominate the market does not, or only marginally, unlock the potential benefits of the sharing 

economy. Relatively to this critique, the BSR organization and the Rockefeller Foundation 

(2016) calls for increasing collaboration and inclusivity that can be attempted around three 

main axes: (1) Creation of higher quality employment opportunities; (2) Greater access to 

goods and services to permit individuals to increase their well-being as well as to unlock their 

potential; (3) Higher investments made within the community to develop their resilience.  

Finally, in addition to the social side, the rise of the sharing economy may provide solutions 

to the environmental crisis. Indeed, the sharing economy is intrinsically linked with the idea 

of optimization of the use of a resource and publicly raised as a great action for sustainable 

development; however, the sharing economy opens a material desire of consumers by giving 
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them access to a greater number of goods that can be consumed (Moati, 2009). Then, does 

the sharing economy have a beneficial consequence on the environment and to which degree? 

The report from ADEME et al. (2016) provides valuable information on the impact tendency 

of practices of the sharing economy in regard to the environment. To state, following discussed 

numbers are the impact change rate relative to conventional practices (hotel, buying, not 

using…). Concerning mobility practices, carpooling for short distances, and especially 

concerning trips work-home, are considered ‘pertinent’ for the environment as it reduces by 

49% the impact on the warming of the climate. On the other hand, long distance carpooling 

might be considered positive only under certain conditions. In fact, there is the consideration 

of other modes of transportation and the positive feedback effect of an increase demand for 

mobility which may negatively impact this practice. Concerning practices relative to real estate 

assets, the effect of making available its good has relatively fewer impacts than the availability 

of a hotel room, at the equivalent surface area. For greater surface area, sharing economy 

practices have a relative slight positive environmental effect compared to a hotel room. 

However, these findings depend heavily on the energy mix of the host country. In addition, 

the report raised that sharing economy may increase the chance of travelling; and 

consequently, the additional transport demand may negatively impact the benefits of sharing 

economy direct practices. Looking at collocation, outcomes are always positive for the 

environment, decreasing by 24% the energy consumption and reducing by the same rate the 

effect on climate. Concerning food items, sharing economy practices may have better 

environmental impacts relatively to traditional practices with a decrease of 89% regarding 

resource depletion. Yet, taking account transport needs, depending on the choice of the 

consumer for ensuring its mobility, sharing economy food practices may be negatively 

influenced and evenly inverted (Servigne, 2013). Concerning material goods, sharing 

economy practices may have great impacts by increasing the reuse rate of goods. However, 

always according to the report, the modality of exchange may strongly reduce the benefit of 

the sharing economy practices. For example, taking into account exchange modality, 

exchanging its drill or lawnmower may increase by 160% the impact on climate warming 

relatively to keeping the good at home and mostly unused. Local exchanges should be then 

privileged. Finally, the influence of technology that permits sharing economy practices only 

negligibly affects the benefits of the sharing economy on the environment. Consequently, 

according to ADEME et al. (2016), while factors of exchange modality and feedback effects 

must be accounted, the sharing economy offers, overall, a potential solution for the 
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environmental crisis. In the future, the greatest benefits will come from mobility 

practices and the reuse of goods; yet, analysis of others sharing practices may not provide 

sufficient robust conclusions (ADEME, 2016). 

Overall, the sharing economy is increasing globally and at a great rate in modern economies; 

however, dominant practices are far away from the sharing economy’s initial vision of 

inclusivity and sustainability. In an environmental perspective, while the sharing economy is 

providing some solutions to the environmental crisis, they stay yet minimal in importance 

relative to other trends, such as the technological change and the social evolution (ADEME, 

2016). In this vein, Demailly and Novel (2014) underlined that alone the sharing economy is 

not sustainable; there is a need to rely further on eco-designed goods of high quality, to 

optimize transports of goods, and to have the capacity to change individuals’ lifestyles. 

Consequently, the sharing economy is appearing as a positive trend with environmental effects 

that may be decupled if and only if profound changes are appearing within modern societies. 

In this vein, the P2P economy, as defined in this thesis, may provide powerful combined 

effects. 

2.3 P2P Economy: State, Challenges, and Potential 

Future 

P2P Economy, as defined in this thesis, is distinct from the sharing economy as it suggests the 

presence of an auto-organization of interconnected individuals that not only mutualize 

production resources but also produce shared value (Bauwens & Kostakis, 2017). Yochai 

Benkler (2006), formally, called it ‘commons-based peer production’ (CBPP). After defining 

succinctly, the state of the P2P economy, this thesis is dedicated to the analysis of the 

challenges and the potential development of the CBPP organizations.  

P2P economy processes lie on a threshold of concepts. The first is the concept of ‘productive 

community’, which refers to the aggregation of contributors on a certain project; the second is 

the ‘entrepreneurial partnership’ which refers to the goal of producing value; the third is the 

idea of ‘welfare association’ which refers to institutions that govern and support collaboration 

(Bauwens & Kostakis, 2017). Based on this threshold of concepts, ‘generative models’ of the 

P2P economy have been appearing on a global (Wikipedia) or at a local (time bank initiatives) 

scale. By ‘generative models’, Bauwens and Kostakis (2017) describe organizations that work 
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for creating and protecting commons as well as increasing the resilience of their community 

(Bauwens & Kostakis, 2017). But, where could we find P2P economic practices?   On one 

side, global initiatives in regard to immaterial goods are the most widespread form pertaining 

to the P2P economy. For example, the family of the Wiki or the open-source software is a 

production of the P2P economy that is common at a global scale. Their productions were due 

to voluntary actions of individuals within a community; indeed, everyone is free to contribute 

to Wikipedia. The strong reliance of P2P economy within the immaterial sphere is due to the 

ease to work online on an immaterial project, the characteristics of production that are non-

rivals, and the altruist motivation of contributors (Bacache-Beauvallet and Cagé, 2016). The 

last characteristic must be criticized as the quality ‘altruist’ is not the explaining component 

that leads individuals to cooperate; indeed, the study from Benkler et al. (2014) shows higher 

correlation of contributions with reputation (social image). On the other side, local initiatives 

are springing, such as time banking initiatives, resilience-building practices, city in transition 

movements. These initiatives are often based on reciprocity, which is needed to incite 

cooperative actions (Bacache-Beauvallet and Cagé, 2016). While these flourishing local 

initiatives create values for communities, they are characterized, for a vast majority, by none 

or low global interconnections; therefore, they produce only marginally global commons 

(Bauwens & Kostakis, 2017). This fact led Bauwens and Kostakis (2017) to define these local 

actions as positive but not sufficient for responding to the environmental crisis. Still, on an 

environmental perspective, local initiatives are linked with positive effects. In order to 

illustrate it, because, to the knowledge of the author, no regional or global analysis have 

appeared in the literature, only examples will be used to illustrate these positive effects 

regarding the environment. Two illustrations will be used which are initiatives within the city 

of Ghent, Belgium, and an initiative in France. The city of Ghent has been experiencing more 

than 500 common urban projects that mostly function on P2P models (Bauwens and Onzia, 

2017). In terms of mobility, with the help of two associations, the city of Ghent created a car-

pooling initiative that has reduced by 80% environmental externalities (energy consumption, 

traffic, pollution) (Barbazan, 2020). Interestingly, this initiative does not create any negative 

environmental feedback effects according to M.Bauwens. Another illustration is the case of 

the French association ‘Terre de Liens’ that buys lands and donates them to farmers applying 

organic practices. As the number of organic farming is increasing in the region, the need to 

depollute water from nitrate and pesticide is decreasing, so that both the civil society and the 

regional government are saving money according to an analysis focusing on France by 
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Sautereau and Benoit (2016). In fact, the analysis evaluates in France the extra cost of 

pollution due to conventional modern farming practices to 839-1139 million euros per year 

for the civil society and to 100-150 million euros per year for the regional governments 

(Sautereau & Benoit, 2016). Both examples are great illustrations of local P2P economy 

practices that lead to direct or indirect production of local commons, which have positive 

effects on the environment. Henceforth, based on a ‘generative model’, P2P economy practices 

are present both at a local and global scales and seems to develop further (Appendix 2).  

However, the P2P economy is challenged for growing in the material sphere. Indeed, when 

describing P2P economy Bauwens and Sussan (2005 – pp.207) are stated that “where 

production is purely material and where capital investment plays a major role, the extension 

of the P2P mode seems difficult, if not impossible”. In top of the cultural challenge of 

accepting ‘new science’ views, the dominant cause of this difficulty is due to the donation 

system on which P2P economy relies, that pushes for the exhibition of the free rider effect. In 

fact, Adar and Huberman (2000) shows that 70% of users of Gnutella, a platform based on 

P2P models to ease the share of files, are free riding. First, overall, when goods are non-

exclusive on the offer view and non-rival on the demand view, the P2P economy is functioning 

well even in the case of free riding as exemplified by Wikipedia (Bacache-Beauvallet & Cagé, 

2016). Second, when the goods are non-exhaustive and rivals, the P2P model may still function 

for immaterial goods but need incitation for greater collaboration. For example, imagine the 

situation in which online files are rivals, as the bandwidth allowing the download of files is 

not unlimited: Potential incitation to reduce free riding may focus on the mechanism of 

reciprocity or reputational mechanism. Concerning reciprocity, in the immaterial sphere, for 

instance, the P2P file-sharing software eMule awards collaborative users by reducing their 

download time (Bacache-Beauvallet & Cagé, 2016). Concerning reputational mechanisms, 

some platforms set full transparence so that peers could rate or at least see past behaviors of 

other peers to analyze their attitude in regard of collaboration with the community. The 

question is now in respect to the material sphere for rival goods: Does mechanisms that have 

been applied in the immaterial sphere may run in the material sphere? It seems that Bauwens 

and Kostakis (2017) have changed their views about the impossibility of extension of P2P 

models within the purely material production of value. Indeed, accepting the need for 

reciprocity mechanisms applied to CBPP organizations opens the potential for P2P economy 

practices within the material sphere. To illustrate this possibility, this thesis relies on the case 

of Sensorica, a Canadian based firm. Sensorica defines itself as an open value network (OVN) 
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and a pilot project for commons-based peer production applied to hardware, designed to 

operate at large scale. In other words, it is an open network of freelancers that co-manage and 

coordinate their work using IT tools and some special governance (Brastaviceanu, Laughlin, 

& Anastassiou, 2019).  One project that succeeded the production of a material-based good 

was the ‘characterization of photovoltaic material project’. In other words, this project, 

requested by a professor for Queen’s University, led to the building of an engine that permits, 

among other applications, photovoltaic cells to follow sun light. Therefore, Sensorica brings 

great hopes for the transition of the P2P economy within the material-production sphere.  

Hence, the P2P economy may develop in the coming years; yet, it is facing a dual challenge 

that is: (1) A cultural change within modern societies to accept these new kinds of 

organizations based on generative models. In other words, while this cultural change is not 

precisely defined in this thesis as discussions relative to values is out of the scope of this thesis, 

the dominance of the ‘extractive models’ in regard to ‘generative model’ would be an 

interesting indicator of the state of cultural values shared among individuals. Consequently, 

human societies should increasingly incorporate the values linked with the ‘new science’ of 

Rifkin in order for the P2P economy to expand. (2) Creation of organizational structures and 

mechanisms to incite and safeguard collaboration for production of shared value — reducing 

appearance of free riding.  

With both challenges in mind, one potential development of P2P economy is the creation of 

(a) trans-local and trans-national organizations and (b) open cooperatives (c) that takes States 

has partners in order to succeed social and environmental goal. Firstly, aside with the 

continuing trend of emergence of CBPP organizations at the local and global scale, Bauwens 

and Kostakis (2017) urge for a rapid emergence of CBPP trans-local and trans-national 

structures such as Sensorica. These new kinds of structures would not only allow the civil 

society to create commons at the local level but also at the global level. In order to achieve 

this creation of shared value, Bauwens and Kostakis (2017) suggest combining non-reciprocal 

mechanisms in the immaterial sphere with reciprocal mechanisms in the material, production 

sphere. Formally, Ramos et al. (2017) define this combination as ‘cosmolocalism’ in which 

there is the presence of global digital commons and the capacity for local manufacturing. 

Secondly, on the contrary of Sensorica’s organization, which is an open network of free-

lancers without any legal entity, Bauwens and Kostakis (2017) are proposing the development 

of ‘open cooperative’. These structures will be “entities that would be legally and statutorily 

bound to the creation of common and open resources” (Bauwens and Kostakis, 2017 - pp.76). 
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All these structures will have a sole objective to enhance the capacity and autonomy of 

citizens while reinforcing the resilience of communities. Thirdly, an enduring question may 

still tick over in the mind: What would be the relationships of these organization with the 

markets and the State? Concerning the market, Bauwens, Kostakis, & Pazaitis (2019) raised 

the possibility of emergence of ‘commons-oriented entrepreneurial coalitions’ that create 

values for the market while gaining a profit or livelihoods. As stated previously, this type of 

coalition will be at the side of ‘productive communities’ and ‘infrastructural organizations’ in 

order to form an ecosystem of organizations. For example, in the immaterial sphere, ‘Linux’ 

represents the ‘productive communities’ in which all individuals may cooperate; the Linux 

Foundation represents the for-benefit foundation that support the infrastructure for securing 

cooperation; and, the ‘Linux Professional Institute’ represents an illustration of commons-

oriented entrepreneurial coalitions. Concerning the State and its associated institutions, the 

thinkers of the P2P economy suggest the evolution of the State toward a form of ‘Partnering-

State’ (Bauwens & Sussan, 2005). In this vein, the State not only ensure its redistributionist 

welfare role but also become a partner for the emergence of the three structures raised 

previously and support the creation of value by the civil society (Bauwens, Kostakis, & 

Pazaitis, 2019). One can imagine that the State, by supporting the creativity autonomy of its 

redistributive citizens, may be partly alleviated from its role of redistributor as the bottom 

income would be less in needs. In fact, the development of CBPP organizations advocates for 

the rise of a triangular social conception, allowing avoidance of an all-market, all-State, or 

even an all P2P economy (Bauwens & Sussan, 2005). Following, the project ‘Cosmolocalism’, 

started in January 2019, will study ways, based on P2P economy, to create a sustainable 

economy through the commons. 

Henceforth, even if P2P processes are well diffused within the economy as exemplified by 

IBM and other companies that rely on P2P models to increase their efficacy, P2P economy as 

defined in this thesis is at its early stage. While CBPP organizations raise great hopes for the 

production and management of commons by the civil society, there are a number of challenges 

that must be resolved. Indeed, in addition to the need for a cultural change, which is the 

acceptance of the ‘new science’, there is the need to improve organizational structures and 

mechanisms that incite and safeguard collaboration. Even in the presence of these dual 

challenges, the P2P economy is still emerging. Interestingly, P2P economy does not raise itself 

as a destructive force nor as a substitute system but as a complementary model that adds to the 

system in place. On the environmental perspective, the emergence of P2P economy processes 
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is associated with potential strong benefits as illustrated by various examples through the 

world, including the cases of the city of Ghent or the French initiative of the association ‘Terre 

de Liens’. 

3. Conclusion of on Economics and Economic 
trends 

This second part of this thesis was dedicated to economics and economic trends that are 

perceived globally, and to a greater extent in advanced economies.  

The science of economy, or economics, is a complex science whose theories have deep effects 

on individuals. Indeed, economics influence every individuals’ behaviors within human 

societies; yet, cultural values may influence economics. Neoclassical economics, today’s 

mainstream economics, are upheld by all international organizations such as the International 

Monetary Fund (IMF). Mainstream economics, which have the objective to derive maximum 

well-being to each individual, are based on a powerful mechanical model. While great short-

term benefits for human societies have emerged from applying this model, long term and 

negative effects on the environment have been and will be experienced. Consequently, 

biophysical economics question the foundations of the model by interrogating the notion of 

perpetual motion machine and the indefinite growth defended by the neoclassical model. In 

this vein, biophysical economics urge to apply the laws of thermodynamics and integrate the 

biophysical matrix within the neoclassical model. One valuable insight of biophysical 

economics is the accentuation on the link between economics and entropy. Following the 

works of Georgecu-Roegen, Rifkin, and others, it has been raised that the short-term benefits 

of the economic processes by integrating negentropy within the system were at the cost of 

high-entropy creation outside the economic system. This high-entropy production can be 

defined as pollution, which is the trigger of the global environmental crisis. Therefore, J.Rifkin 

advocates that human societies pass from a colonizing state (maximizing the flow of energy) 

to a climactic phase (minimizing flow-through of energy) in order to answer social humans 

needs while minimizing long term effects on the environment. 

This transition will be a considerable challenge facing humanity, and particularly advanced 

societies which rely to a greater extent on a high flow of energy. This transition is today highly 

regarded. Potential leveraged actions are linked with technological change and with a change 
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in cultural values. The importance of technological change is commonly accepted, but 

certainly too much defended. Indeed, technological progress may permit the creation of value 

for humans while minimizing the flow-through of energy; however, as supported by the United 

Nation (UNCDD, 2017 – pp.32) the belief that technological progress could overcome any 

limitations by Nature should be criticized. Consequently, technological progress seems to 

represent only a part of the solution. A second leverage, driven by a cultural change toward 

Rifkin’s ‘new science’, is the evolution of production and consumption habits of individuals, 

and specifically habits of individuals of developed and developing countries. The sharing 

economy and the P2P economy represent two key elements defining this leverage. 

The sharing economy, while being a relative powerful trend, did not embrace its first vision. 

Indeed, dominant practices of the sharing economy are based on ‘extractive models’ that does 

not, or only marginally, benefit communities. Overall, the sharing economy is, in belief, a 

great solution to the environmental crisis; but, as practiced today, it affects positively the 

environment only marginally. On the other hand, the P2P economy, as defined in this thesis, 

is well spread in the immaterial sphere and is emerging in the material world. From Wikipedia 

to local actions such as time banking practices, P2P economy models open news way of 

interacting and producing value for communities. However, while P2P economy-based 

initiatives have strong positive environmental effects due to initiatives led at the local level, 

greater potential benefits in regard to the environment may appear if P2P economy were 

expanding itself into the material world at the global scale. Indeed, common-based peer 

production (CBPP) may produce goods and services at lower thermodynamic cost than 

capitalist production models according to Piques, Rizos, & Bauwens (2017). 

Hence, in order to derive all the potential benefits of the sharing economy, one can imagine 

the combination of the P2P economy and the Sharing Economy in order to help the transition 

from the colonizing state of modern societies to a potential climactic phase. Indeed, 

combination of both concepts may not only lead to mutualization of goods and resources 

unused, keeping private property, but also lead to the achievement of production of commons 

at a lower entropic cost. The combination of the P2P economy models and the sharing 

economy is at the root of the idea developed in the last section of this thesis. 
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C. LaFed, The Federation of the Shared 

This thesis has been dedicated to various topics that may not, at first sight, be interlinked. 

Therefore, this part has the objective to link them through the description of a new institution 

that uses P2P economy and sharing economy models. The institution should apply a 

biophysical economics’ vision in order to help responding to the environmental crisis. 

To summarize, the first part of this thesis demonstrated that humanity was facing an 

unprecedented environmental crisis led by climate change and land degradation. In an 

anthropocentric view, this environmental crisis will affect deeply our societies due to the 

deterioration of ecosystem services, impairment of water provision, and risk of food insecurity. 

Secondly, this thesis analyzed the link between entropy and economics and shows that 

humanity should transit from a colonizing state to a climactic phase in order to hope to alleviate 

our societies from the environmental risks while answering humans’ social needs. This thesis 

demonstrated that economics were at the center of this transition. Last, this thesis introduced 

the reader to the sharing economy and the P2P economy as two trends that may provide tools 

for this transition. However, it has been shown that the first has diverted from its initial vision 

and the second was facing challenges to continue its development.  

How can economics succeed the setup of the transition towards a climactic phase? As stated 

by the International Institute for Applied Systems Analysis, while humanity has the resources, 

ingenuity, and technologies to proceed to such transition, it lacks appropriate institutions and 

governance structures (GEA, 2012). Then, rooted in the sharing economy and the P2P 

economy, the idea supported by this thesis is the creation of a new organization, called ‘The 

Federation of the Shared’ (LaFed), which has the objective to help answering the 

environmental crisis. Shortly, LaFed would be an ecosystem of structures that facilitate 

exchanges between individuals and provide the opportunity to create shared values globally at 

low thermodynamic costs.  

Before going further, it is essential to say that this last part of this thesis is highly subjective 

and only introduces the reader to a potential institution that might be beneficial in the view of 

the author.	Consequently, I invite the reader to see this part as a ‘bottle into the sea’ containing 

the description of an idea of an institution. Firstly, this thesis will concentrate itself at defining 

the history, mission, and objectives of the idea of the new organization, as well as describing 



 
59 

the overall operation of LaFed. Secondly, this thesis will describe thoroughly the 

operations of LaFed. Indeed, this thesis (1) describes IT tools that may permit such 

organization to operate, (2) defines the concept of ‘collective intelligence’ and sociocracy that 

will oversee interactions between members of the organization, (3) and details the potential 

environmental benefits of such institution. 

1. History, Mission, Objectives, and Overall 
Operations of ‘LaFed’. 

1.1 History of the Idea 

The idea of LaFed has been emerging due to my interest in the sharing economy during my 

studies in Canada. An important step of the crystallization of the idea was triggered by the 

readings of the works of Edgar Morin — ‘Introduction to complex thinking’ (2015), ‘La Voie: 

Pour l’avenir de l’Humanité’ (2011), ‘La Méthode: La vie de la vie’ (2013)—, Jacques 

Blamont — ‘Réseaux’ (2018)—, and Pablo Servigne. Citations of such books and authors are 

essential as they are the substrate of the idea of LaFed.  

Concerning the work of Edgar Morin, the author applies a systemic thinking, which may be 

summarized by the enunciation of few principles which are: (1) inseparability between the 

subject and the object; (2) importance of the structure, which is defined as an open system and 

is composed of interdependent elements such as a human being that is composed of multiple 

interdependent organs; (3) conceptualization of auto-organization of systems, which stresses 

the possibility for systems to stabilize or develop themselves in function of the interactions 

with their environment and their final goal. This thesis stresses the last concept that has been 

further defined according to the work of E.Morin on complexity. Indeed, E.Morin defines the 

principle of auto-eco-organization. As each auto-organization strives for energy and 

information —negentropy— from the environment, as underlined by the second law of 

thermodynamics, the auto-organization is dependent on its environment; consequently, the 

auto-organization becomes auto-eco-organization. In addition and in conjunction with its 

theoretical work on complexity, E.Morin proposes in ‘La Voie: Pour l’avenir de l’Humanité’ 

(2011), a new path for modern societies. In his book, the author first, critiques the state that 

has become a “philanthropic ogre”; indeed, E.Morin underlines that “the insurance state is 

more and more indispensable, but contributes to the degradation of concrete solidarity without 
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responding to the ever more crying needs of human solidarity” (Morin, 2011 -pp.89). This 

point of view must be put in parallel with the work of Servigne & Chapelle (2017) on the 

concept of ‘mutual assistance’ that has been eroded but still animates each human being.  

Second, E.Morin underlines the advent of a ‘creative bubbling’, which are a multitude of local 

initiatives in the sense of economic, social, or political existential regeneration (Morin, 2011). 

Because all these initiatives are dispersed, unconnected and compartmentalized, E.Morin 

urges for collating them in order to open a plurality of reforming paths (Morin, 2011). 

Concerning the work of Jacques Blamont, in his essay ‘Reseaux, Le Pari de l’Intelligence 

collective’ (2018), the author questions how can the power of networks be turned around for 

the benefit of all? As E.Morin, J.Blamont observes a flurry of local initiatives that are 

appearing as well as mass movements triggered by a strong connectedness. However, 

according to the author, local initiatives stood separated and mass movements, such as political 

movements of ‘Occupy Wall Street’ or ‘Marche pour le Climat’, remained disorganized. 

Consequently, J.Blamont pushes for the emergence of an organization that “establishes a 

functional link between the exuberance of the crowd and the rigour of the norm, between 

horizontal chaos and vertical organization, between bottom-up and top-down” (Blamont, 2018 

-p.260). A comparable organization has appeared in the domain of space called the ‘Federation 

of OpenSpaceMaker’. This federation merges various established spatial organizations with 

the activity of the crowd in order to “open up the world of space infrastructure to as many 

people as possible so that each citizen can anchor his or her action in a process of creating a 

future world” (Blamont, 2018 – p.230). 

Interestingly, one can link the work of E.Morin on complexity and its definition of auto-eco-

organization with the concept of ‘dissipative structures’ and with the work in economics of 

the biophysical economics school. Moreover, it is valuable to compare the present 

‘philanthropic ogre’ that has become the State relatively to the desired ‘state as partner’ 

defended by M.Bauwens. In addition, one can also make a parallel between the work of 

J.Blamont on networks with what previously said on the sharing economy and P2P economy. 

Henceforth, while the works of E.Morin, J.Blamont, and P.Servigne forged the appearance of 

the idea, the study within this thesis on the biophysical economics, sharing economy, and P2P 

economy provides me tools and concepts to imagine the dynamic institution of ‘LaFed’ 

described in the following paragraphs. An institution that wishes to federate local initiatives 

that have positive effects on the environment. An institution that wishes to be in line with the 

idea of auto-eco-organization defended by E.Morin. An institution that wishes to help 



 
61 

production of commons at lower thermodynamic costs. After understanding the 

foundation of the idea, the following paragraphs are dedicated to the definition of the mission, 

the objectives, and the overall operation of LaFed. 

1.2 Mission and Objectives of the Organization 

The mission of Lafed is ‘Sparsa Colligo’, which means “I gather the scattered’. During a long 

time, I thought that this mission was directed to individuals that are activating themselves in a 

disorganized way; in other words, I thought that the creation of such organization would be a 

valuable institution to help the auto-organization of individuals. However, as my research 

deepens while working on my thesis, the mission took another vision. Indeed, the mission 

aims, in fact, at providing a governance structure, rooted in the P2P economy, for all local 

projects already awaken in Europe. In other words, the mission of LaFed would not only be to 

federate all the separated initiatives that have appeared but also to help further initiatives in 

the future. Consequently, ‘Sparsa Colligo’ is not subject to individuals or to the crowd but 

instead to groups of people that are already activating themselves for the creation of solutions 

that answer social and environmental issues.  

The objectives aimed by LaFed are:  

- To offer a general platform in order to facilitate exchanges of goods and services as well 

as to help the production of shared values at lower entropic costs. 

- To enable local communities to respond to local problems.  

- To help the transition toward an entropic climactic phase and build up resilience of 

communities. 

LaFed is met to become an aggregation of open cooperatives. A cooperative is an "autonomous 

association of people voluntarily united to meet their common economic, social and cultural 

needs and aspirations, through an enterprise whose ownership is collective and where power 

is exercised democratically"(COOP, 2020). In the sense of Bauwens and Kostakis (2017- 

pp.76), an open cooperative is a type of “entities that would be legally and statutorily bound 

to the creation of common and open resources”. The choice of the open cooperative is not only 

an ethical but strategic choice. First, it makes possible to transform the consumer into a 

consumer-actor; and thus, possibly reward her/his activity by receiving dividends.  Second, it 
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allows the integration of different actors, driven by the same objective. And last, it allows 

the integration of sharing economy companies and local initiatives. By this, LaFed may grow 

faster by possibly reaching faster a critical mass. 

1.3 Overall Operation 

LaFed represents an ecosystem of structures; or in the sense of E.Morin, an auto-eco-

organization. Applying the model of the P2P economy defined previously, the ecosystem of 

LaFed would be composed of three open macro-structures which are (1) the platform, (2) the 

for-benefit ‘LaFed’ association, and (3) the for-benefit local open cooperatives (Appendix 

3&4).  

Firstly, the idea of LaFed is supported by the creation of an online platform. This platform 

would have the dual mission to (1) ease exchanges of goods and services between individuals 

and to (2) produce shared value such as digital commons that are protected by a CopyFaire 

Licence. It is a type of “licensing or agreement that aims to re-introduce the principle and 

practice of reciprocity in markets that use mutualized knowledge (commons), by regulating 

contributions to these commons for those that commercialize it” (P2PF, 2020). Consequently, 

the platform embraces not only the sharing economy but also the P2P economy. Further, in 

regard to the environmental side, the platform should give advantage to exchanges that can be 

realized at the local sphere. For illustration, through the platform one individual may rent or 

donate, without change of ownership, its drill to another person. In other words, LaFed 

platform wants to aggregate all various sharing economy practices, from car-sharing to know-

how, on one and unique platform. Another illustration concerning P2P economy activities 

would be the design of a good that can be printed in a locality using a 3D-printer. In other 

words, the platform becomes an online place to produce digital commons that are freely 

available to members of the open-cooperative.  

Secondly, the idea of ‘Lafed’ is supported by the emergence of an association that aims at 

empowering the contributive communities of the platform and the ‘LaFed local houses’ that 

will be described later. In addition, this structure oversees and protects the stabilization or the 

development of the ecosystem without directing it. Indeed, the association does not represent 

the head of the ecosystem that would direct and send orders but only an interdependent part 

of the system that protects the ecosystem. Consequently, actions of this structure encompass 
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(1) the maintenance of the IT tools that support the exchange of goods and the 

production of shared value, (2) the management of the financing operations of the ecosystem, 

and (3) the protection of the application of collective intelligence within the ecosystem. For 

comparison, the association ‘LaFed’ may be thought as the Wikimedia Foundation of the 

platform Wikipedia or the ’Linux Foundation’ of Linux. Moreover, this association may define 

a chart, describing the ambition of the ecosystem, the scope of its actions, and fundamental 

rules to respect; all members of the ecosystems must comply with this chart.  

Thirdly, local ‘LaFed Houses’ represents the open-cooperatives and are created in accordance 

to the will of a local community. In other words, their creations are independent of the desire 

of the global association; inversely, their creations are only dictated by the decision of a local 

group of individuals. The ‘LaFed House’ must be linked with a specific location; however, 

this ‘LaFed House’ can be created without physical location linked with the structure. These 

local houses have the aims to build up resilient local community by multiplying local 

exchanges of goods and services as well as to produce local shared or market value goods and 

services. For illustration, a local community could set up a repairment service of IT hardware 

that can be free for members of the local ‘LaFed house’ and payable for non-members. These 

‘LaFed Houses’ are essential for the application of ‘cosmolocalism’ as they provide a place to 

manufacture real goods; and therefore, ensuring production of goods and services at low 

entropic cost. In this vein, it is important to stress links with the other structures. On the one 

hand, all the local exchanges must firstly pass through the platform before being exercised 

physically; in addition, all contents on the platform are freely available to the local ‘LaFed 

houses’. On the other hand, the ‘LaFed House’ is receiving automatic or on request financial 

and moral aids from the ‘LaFed Association’. Indeed, as ‘LaFed Association’ extracts a given 

percentage of value on online transactions, ‘LaFed Association’ will be able to improve the 

platform and other systems as well as to redistribute a part of the collected fund to local ‘LaFed 

Houses’. Consequently, aligned with the concept of ‘cosmolocalism’, local production of 

goods and services can be accomplished at low entropic cost while developing greater resilient 

communities. 

Henceforth, the idea of creating the organization ‘LaFed, the Federation of the Shared’ is 

intrinsically aligned with the concept of sharing economy and P2P economy. Concerning the 

sharing economy, as the organization would accelerate the optimization of resources, the 

organization aims at having local and global positive impacts on the environment. Besides, 
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the organization will defend the initial vision of the sharing economy of inclusivity and 

sustainability as a given percentage of actions should be targeting the bottom of the pyramid, 

which are the poorest two-thirds of the economic human pyramid. Concerning the P2P 

economy, the organization, by creating shared and market values as well as ensuring the 

redistribution of the value within communities, follows the application of a ‘generative 

model’. Henceforth, the imagined organization could become a valuable institution to succeed 

the transition toward a climactic phase.  

Having defined the mission and objectives as well as having described the overall operation 

of the organization ‘LaFed, the Federation of the shared’, it is important to further characterize 

(1) the open value network IT tools that will structure all interactions, (2) the collective 

intelligence that will govern and animate the ecosystems, and (3) the environmental benefits 

potential of the organization. 

2. Information Technology Tools Supporting the 
Organization 

Previously introduced, the case of Canadian firm Sensorica provides valuable insights to IT 

tools that may govern interactions within the ecosystem of ‘Lafed’. Again, Sensorica defines 

itself as an Open Value Network (OVN) organization. According to Pazaitis (2020), the OVN 

is characterized by three principles: (1) Open membership, which means that members can 

freely join or leave the network. (2) Transparency, which ensures that all members have access 

to information, knowledge, and processes. (3) Variety of contributions, from material to 

nonmaterial, can emerge. Accordingly, Pazaitis (2020) underlines that the OVN model used 

by Sensorica permits to the firm to offer valuable solutions to customers, distribute financial 

rewards to the contributors of a project according to the value created, and formulate and apply 

a business strategy. But, how can a decentralized, complex organization as Sensorica succeed 

in achieving such outcomes? The good operation of the ecosystems at Sensorica is due to the 

reliance on a dynamic IT tool formed by (1) a Contribution Accounting System and (2) a 

Resources-Events-Agents (REA) model, which is the basis of Sensorica’s Network Resource 

Planning (NRP). Both systems form together the NRP-CAS model that supports the activities 

of Sensorica. Greater insights on these systems would be given as they provide valuable tools 

for the creation of the organization ‘LaFed’. 
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The Contribution Accounting System (CAS) constitutes a contribution-based reward 

mechanism that enables Sensorica’s participants to be evaluated and reattributed according to 

their contributions (Sensorica, 2020). Using a benefit redistribution equation, contributions 

are turn into benefits for the participants, proportionally to the value created by him/her and 

the revenue of the project (Value Network, 2019). In other words, using a visual presentation, 

benefits for the participant are illustrated by a portion of a pie-chart, which depicts its share of 

the potential revenue of a project (Pazaitis, 2020). Following, within the context of one project, 

member’s contributions dilutes as other affiliates add value to the project. In fact, according 

to the study led by Pazaitis (2020), the CAS is interlocking with two other systems: (1) a 

reputation system that determines the behavior of each member “within the community and 

attributes merit in accordance with the collective interest” (Pazaitis, 2020 – pp.9) and (2) a 

role system « which allocates the arrangement and interrelation of the different activities 

among the agents, based on their skills and interests” (Pazaitis, 2020 – pp.9). The CAS system 

aggregates all records of who is doing what (role), how well (reputation), and how much 

(value) in a particular project (Value Network, 2019). Henceforth, the Contribution 

Accounting system arises as a highly valuable tool for common-based peer production. Indeed, 

it answers to the previously described challenge related to P2P economy of safeguarding 

collaboration for production of shared value — reducing appearance of free riding.  

In complements to the CAS, in order to facilitate interoperability of the resources in different 

projects, Sensorica is using a Network Resource Planning (NRP). This NRP is based on 

Resources-Event-Agents (REA) model to support the complexity of operations. 

REA was first established by McCarthy (1982) as an alternative structure for a shared data 

environment that is the digital economy. McCarthy’s (1982) main critiques of common 

accounting system were its independency and non-integrated information system. Indeed, he 

analyzed that aggregation of accounting data were taking place at high level for executive 

decision making but never for lower levels due to the structure of the database (Pazaitis, 2020). 

This insufficient use of data impeaches a business to reach full productivity at all levels of its 

organization. In addition, McCarthy (1982) critiqued the double-entry bookkeeping that 

expresses only monetary representations and let other valuable data such as productivity and 

performance not represented (Pazaitis, 2020). In reaction, McCarthy (1982-pp.559) 

established the REA accounting system that aims to be a “constituent part of an enterprise 

database system”. The model creates fictional objects that represent: (1) ‘Economic 
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Resources’ which are things that are scare and has utility for economic agents (e.g: cash, 

goods, services…); (2) ‘Economic Agent’ which is an “individual or organization capable of 

having control over economic resources” (e.g: customers, vendors, enterprises…); (3) 

‘Economic Event’ which “represents either an increment or a decrement in the value of 

economic resources” (e.g: processes, contracts…) (Hruby, 2006 – pp.4). After a great number 

of studies on the REA model by Geerts, Graham, Mauldin, McCarthy, the REA transformed 

from a framework to a design theory for “inter-organizational exchange transactions and a 

foundation for inter-organizational enterprise systems that facilitate the digitization of the 

enterprise “ (Dunn, Gerard, & Grabski, 2016 – pp.313). In this direction, based on REA, an 

NRP may be created, which is an Enterprise Resource Planning (ERP) type of software. In 

fact, the NRP connects everything together. “It collects, stores, and interprets data from all the 

different types of activities in the network and connects them to specific resources, events, and 

agents to keep track of the contributed value on resource level” (Pazaitis, 2020 – pp.10). 

Specifically, according to Pazaitis (2020), REA operates at three levels in the NRP. (1) Firstly, 

REA model defines resources, agents, or events associated with an activity in the network. It 

is called the ‘type’ or ‘recipes’ level. (2) Secondly, REA characterizes the forms of 

commitment made by economic agents to perform an economic event in the future. This level 

refers to ‘plans’ and, for example, can include productive processes, orders, or purchases. (3) 

The last level encompasses all the various economic occurrences performed by an economic 

agent affecting the quantity or ownership of resources; it is referred as the level of ‘event’ or 

‘actuals’. All three interconnected levels permit the accounting of each physical operation. 

Consequently, the information system based on REA arises as a constituent part of an 

enterprise database system that coordinates diverse agents and performs traditional business 

functions, from production to sales. According to these features, NRP not only appears to be 

a precious tool for network type of organization, but also allows the re-use and evolution of 

resources in different context and through time. 

Together the NRP-CAS model that is applying Sensorica is particularly relevant for the 

creation of LaFed. Indeed, it provides first a valuable model to account and manage multiple 

agents that are working according to P2P economy principles. Secondly, as LaFed may rely 

on the circulation of digital commons, it allows the re-use and development of resources in 

different context, simultaneously. For illustration, imagine that a number of active members 

worked on a project of designing a good that can be printed in 3D. This resource, which is a 

digital common, can be used within multiple ‘LaFed House’ in order to manufacture the good 
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to create shared value within the community or to create market value. Using the NRP, 

it would be possible to take into account, in a systemic way, all the events that are occurring 

through time, at different place. In the meantime, the IT tool provides a fair and efficient 

method to retribute each agent according to the value created. Indeed, imagine that the good 

produced by 3D printing is sold on the market. The revenue from the sale can be fairly 

redistributed between all the economic agents, from the ‘LaFed House’ that manufactured and 

sold the good to the members that help at the creation of the digital common on the ‘LaFed 

platform’. Henceforth, according to hereinabove description, the NRP-CAS model developed 

by Sensorica would be highly valuable to govern interactions within the ecosystem of ‘LaFed’. 

3. Collective Intelligence and Sociocracy 

In conjunction with IT tools that provide valuable devices to govern and manage all the 

interactions within the ecosystem of ‘LaFed’, it is important to tackle human interactions. 

Indeed, how can LaFed make sure to tap into crowd’s wisdom and not its madness? How can 

LaFed balance diversity with expertise, decentralized with distributed decision-making? In 

order to answer these essential questions, this thesis first describes the concept of Collective 

Intelligence and then, the paradigm of sociocracy.  

LaFed would be intrinsically an organization in the realm of the 4th industrial revolution’s 

based on the opportunities opened by the internet. In 1997, within its book ‘Collective 

Intelligence: Mankind’s emerging world in cyberspace’, Levy,P. already believed that the 

internet would mobilize and coordinate the intelligence and other knowledge resources of the 

crowd in an innovative way. His beliefs have been crystalized with the appearance of the 

concept of ‘Collective intelligence’ (Lichtenstein, & Parker, 2009). In simple terms, collective 

intelligence is the capacity of a group to mobilize knowledge and intelligence towards the 

accomplishment of a specific goal. This thesis heavily uses the article ‘the collective 

intelligence genome’ developed by the Center of Collective Intelligence at the MIT in order 

to regulate interactions within ‘LaFed’ (Malone, Laubacher, & Dellarocas, 2010). To classify 

the various type of Collective Intelligence, the article uses four questions which are (Malone, 

Laubacher, & Dellarocas, 2010):  

- What is being done? For a particular event, the actors may either create (e.g: a piece of 

software, a 3D design, a good…) or decide to choose something among various 
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alternatives. In order to fully realize a project, there is a series of ‘Create’ and ‘Decide’ 

events that may follow various types of collective intelligence. 

- Who is doing it ? There are two possibilities which are the reliance on hierarchy or the 

crowd. On the first hand, hierarchy may be defined as a situation in which “people in 

authority make decisions that their subordinates are required to follow” (Malone, 2018). 

On the other hand, an activity can also be undertaken by the crowd, which is “anyone in a 

large group who chooses to do so” (Malone, Laubacher, & Dellarocas, 2010- pp.26). The 

study defends the exploitation of the crowd as soon as many people have the resources and 

skills to perform a given activity, and in situations where the organization cannot know in 

advance where are the resources and skills located. 

- Why are they doing it? As an echo with what has been stated in the second part of this 

thesis, the article raises that the motivation of participants may be (1) the promise of 

financial gain (money), (2) the enjoyment linked with the activity (love), and (3) the 

recognition of the participant’s work (glory). While the appeal on glory and love may 

reduce costs, reliance on both does not always work. Concerning the reliance on glory and 

money, it helps the crowd to move faster as soon as a goal is well defined. 

- How is it being done? The article focuses only on the crowd as the ‘How’ in regard to 

hierarchy follows the common management practices. Following, depending on the 

‘What’ (create or decide), the authors enumerate various mechanisms. This thesis 

describes the four main types of ‘How’ that depend on the level of independency between 

members of the crowd and their contributions. (1) Firstly, concerning the ‘create’, there is 

possibility of practicing ‘collection’. This type of practice is linked with the independent 

contributions of members of the crowd; for illustration, the platform ‘Youtube’ collects all 

independent contributions (videos). (2) Secondly, again concerning the ‘create’, another 

possibility is to ‘collaborate’. Collaboration occurs when members of a crowd work 

together to create something. Collaboration is useful as soon as there is no satisfactory 

ways (a) to divide a project into independent pieces as well as no satisfactory ways (b) to 

manage dependent contributions of members of the crowd. (3) Thirdly, concerning now 

the ‘Decide’, the first scheme underlined by the article is to apply ‘Group Decision’. A 

group decision occurs when a decision is defended after the integration of all inputs of 

members. Following, the decision holds for the group as a whole. Group decisions may be 

reached by vote, consensus, or averaging, for example. (4) Last, also concerning ‘Decide’, 

the article raises ‘individual decisions’. This individual decision occurs when members of 
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the crowd make decision based on other inputs from the crowd. For example, one 

decides to trust a member of car-sharing based on recommendations of others. 

Applying this framework to ‘Lafed’, one can scheme the broad lines of the governance modes 

within the ecosystem of LaFed. Concerning the for-benefit ‘LaFed association’, the essential 

activity of the ‘LaFed association’ will be to decide things, such as what are the administrative 

works, financial decisions, aids to give to local houses, or what must be improved on the 

platform. Consequently, interactions within the association follows a hierarchical scheme 

motivated mostly by ‘money’ and ‘love’. In regard to the local open-cooperatives named 

‘LaFed houses’, we have to apply two points of view which are (1) considering the dynamic 

governance within the open-cooperative and (2) considering actions of the ‘LaFed House’ as 

an unity. On the one hand, within the local open-cooperatives, interactions for ‘Decide’ may 

apply group decision framework while interactions for ‘Create’ follow a hierarchical model 

motivated by money, love, and glory. For example, as soon an action is decided at the local 

level in accordance with all the members of the LaFed House (citizens, associations, partner’s 

city…), the action is pursued following a hierarchical model (elected manager manage the 

project and other members pursue tasks that have been decided). Hence, the goal of this house 

of creating goods or services at a low entropic cost to solve local problems and build local 

resilience may be attained. On the other hand, taking ‘local houses’ as individual units, 

interactions with the environment will be crowd-based. For example, the aggregation of 

‘LaFed House’ may influence actions of ‘LaFed Association’ according to individual 

decision-making models. Last, concerning the ‘LaFed platform’, only the crowd contributes 

to the platform. Concerning sharing practices, individual decisions will influence the crowd; 

for example, the implementation of peers-grading will influence each member to use the 

service of another member. Concerning P2P economy practices, after choosing a project 

according to an individual decision model, a group decision within each project may be used 

to decide how to handle such project. For example, a periodic vote system may pinpoint which 

project to implement; secondly, members of the project’s group will decide how to achieve 

the project. Consequently, in regard to projects, collaboration within projects and collection 

of various projects will appear on the platform. In other words, multiple projects may be freely 

accessible online; and, a certain number of members may be collaborating on a specific 

project. 
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Hence, the concept and framework of collective Intelligence would be highly valuable to 

operate within the ecosystem of ‘LaFed’. However, collective intelligence, which can be 

hierarchical or based on the crowd, provides only the semantical structure that governs human 

interactions; there is also a need to provide methods of interactions. The paradigm of 

‘sociocracy’ provide valuable insights that can be implemented within the multiple local open 

cooperatives and within the ‘LaFed association’.  

Sociocracy “is a decision-making and governance method that allows an organization to 

manage itself as an organic whole” (Buck & Endenburg, 2012). Theoretically, this method of 

governance derives from the concept of self-organizing system; according to the works of 

Prigogine and Haken (1978), self-organized systems must meet two conditions to be 

constituted: first, as stated in the second part of this thesis, a system must withdraw energy 

from its environment. Second, components of a system cannot limit and control each other. 

According to these two conditions, fundamental rules that are at the heart of sociocracy were 

established.  

- The first rule is the consent.  The consent obliges the group to consider all the objections 

raised by a member of the group; in other words, a policy decision can only be 

implemented if all the objections were answered (Buck & Endenburg, 2012). 

Consequently ‘Consent’ is based on the absence of ‘no’ while consensus is based on the 

‘yes’ of all members. 

- The second rule is the creation of ‘Circle’. These circles are semi-autonomous and are 

constituted of individuals that are functionally linked (Buck & Endenburg, 2012). Circles 

have each other a unique aim that explains the existence of each circle; if the goal 

disappears, the circle must disappear. For example, one can imagine a simple organization 

with a unique circle such as a pharmacy; the goal of this circle is to provide counsel and 

medication to their patients. Interestingly, these circles can be integrated within all existing 

organizations as the decision made and consented does not regard day-to-day decisions 

but only strategical or tactical decisions. Moreover, circles have three basic functions that 

are leading, doing, and measuring/feedback which runs as a closed loop. This closed loop 

represents the dynamic governance within the circle and is universally present in each 

circle. But, while circle respects a common dynamic, they evolve independently. Indeed, 

each circle evolves with time as each circle creates its own policy decisions by consent 

and develops itself from research, teaching, and learning (Buck & Endenburg, 2012). 
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Following the example of the Pharmacy, imagine the circle to be made of the 

Pharmacist/Manager and four pharmacy technicians. The goal of the circle being to answer 

as best as possible to patients questions while being profitable, the circle may decide to 

train pharmacy technicians to counsel better patients on specific subjects or train the 

pharmacist/manager to new management practices. All these training decisions must by 

adopted by consent and feedback must be implemented. 

- (3) The last rule is the ‘double linking’ rule. Indeed, at least two persons of a circle, one 

being the functional leader and one being the representative of the circle, are full members 

of the next higher circle (Buck & Endenburg, 2012). This rule ensures continuity between 

levels within the hierarchy of an organization, as the members of one circle would not take 

any decisions without consent of the representing leader of above and under circles. 

 

Figure 15: Dynamic 'Circle' Structure, Example of Electrical Company:  

 

- (4) The ‘Consent rule’ has a corollary in regard to election. Indeed, during an election 

of a representative, there is no candidate. The group must choose, based on consent, a 

person that fits a function. Consequently, this election method does not lead to feeling of 

victory or lose but provides satisfaction to the group that ‘chooses the right person for the 

right function’. 

In fact, the rule of ‘circle’ ensures the realization of the first condition to create self-organizing 

system. Indeed, the obligation for a group to implement, in top of their goal, the objective of 

the higher circle, creates a tension within the circle. In other words, the common goal set by 

Figure 15: Dynamic 'Circle' Structure, Example of Electrical Company: Each triangles 
reprensents a 'circle' made of individual from the same functional area. Two individuals of each 

circle - represented by short horizontal lines- are present in the above circle (Double Linking Rule) 
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the upper organization is the energy needed for initiating the self-organization within lower 

levels circles. Moreover, the rules of ‘consent’ and ‘double linking’ are protecting the 

realization of the second condition, which is ‘not controlling each other’. While sociocracy 

may seem to be theoretically complicated, it is practically simple to integrate and implement 

to any type of organization. The last question that may arise is why doing it? Buck & 

Endenburg (2012) provides a summary answer which is: “self-organizing process spurs 

creative thinking and catalyzes new structures and ideas”. Concerning ‘LaFed’, sociocracy 

arise, therefore, as a valuable method of interactions not only within each structure of LaFed 

but also between LaFed structures. Indeed, applying this governance methods will ensure links 

between structures. One example within local ‘LaFed houses’ is that the application of 

sociocracy will not only provide a framework for interactions, but also ensure creative 

thinking, which is essential at local levels. Another example looking at interactions between 

LaFed Houses and the LaFed association is: The chart of the LaFed association provides the 

‘energy’ into LaFed houses to pursue various actions, which can be common-driven or market-

driven, that help the achievement of the overall mission of LaFed. On the counterpart, 

feedbacks from LaFed House into LaFed association may force the association to improve 

constantly its actions.   

Henceforth, collective intelligence and sociocracy provide both the structure and methods for 

the system to interact within each unit of the ecosystem of LaFed but also between the various 

structures. Allying both concepts could be highly valuable for the ecosystem of ‘LaFed’. 

4. Environmental Benefits 

This thesis describes essential features of the ecosystem ‘LaFed, the Federation of the Shared’. 

Indeed, this thesis depicts the overall operational processes of the organization, the IT tools 

that support all processes, and the method of interactions governing interactions. The 

description of the main lines of these features are only initial scheme based on the work of one 

author; it would be valuable to use structures of collective intelligence in order to improve all 

these features. However, there is an important aspect to describe which is directly related to 

the goal of this thesis: what would be the environmental consequences of the creation of 

‘LaFed, the Federation of the Shared’?  ‘LaFed’ may affect positively the environment 

according to two broad actions: (1) federate and help to create local initiatives that provide 
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solutions for building local resilient communities. And (2) help local exchanges of goods 

and services and increase the production of shared values at low entropic cost. 

In order to illustrate effects of local initiatives, this thesis uses various examples of initiatives 

across the world. In fact, numerous works are collating initiatives such as the documentary 

‘Tomorrow’ by M.Laurent and C.Dion (MM & Levy, 2015), the book ‘Un Million de 

Révolutions Tranquilles’ by B.Mannier (2016), the website ‘transitionnetwork.org’ (2020), or 

again the book of R.Hopkins (2014) about initiatives in regards to the ecological transition. 

Some of these initiatives will be described as illustrations of the potential benefits bring by 

‘LaFed’. 

An introducing example would be ‘Masks.Coronavirus.Brussels’ initiated by E.Mossay. The 

goal of the initiative is to manufacture locally and provide anti-spray masks in order to help 

the fight against the spread of the virus. The initiative is based on P2P economy model as it is 

coordinated by a consortium of public/private entities, is open-source, and is replicable in other 

comparable metropolises. The initiative is answering to social criteria as it involved more than 

1500 citizen-volunteers including disabled workers and to the environment criteria as it 

ensures that masks are washable and reusable. More interestingly, this scalable initiative 

appeared and grew at an exponential rate within an extreme short period of time. Therefore, 

the initiative not only answers to the social need, which is the sanitary urgency, but also 

respects the environment by proposing a good that is reusable. 

A second example is the famous case of the city of Town Totnes. The objective of ‘Transition 

Town Totnes’ is simple: to do door to door within your street until agglomerating a group 

between six to ten members in order to organize seven meetings. Each gathering is dedicated 

to a precise theme (water, energy, transportation…) and each household receives a precise 

booklet introducing ideas and practical actions. According to R.Hopkins (2014), the 700 

households that participate to this initiative have been decreasing by 1,3 Tons of CO2 their 

emissions and saving 500€ per households.  

A third interesting example is the case of ‘1000Bxl en Transition’. This initiative comes from 

the wish of a group of inhabitants from the center of Bruxelles, Belgium. Created in 2013, the 

association counts, in 2020, 30 active members. All the initiatives leaded by the association 

are meant to be local, accessible to everyone, and concrete, such as collective vegetable 

gardens or exchange of know-how. One initiative particularly interests me, the ‘Creative 

Workshop’ (‘Atelier Créatif’ in French) that has the objective of zero waste. To put this 

initiative into context, it is valuable to know that, according to a study pertaining only to 
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Finland, France, the Netherlands, Spain, and Sweden, around 80% of the waste was due to 

the demand for construction materials, metals, and fossil energy carriers (Wijkman, & 

Skånberg, 2017). So, how can we reduce demand for goods and waste? In conjunction with 

improvements at the start of the supply chain such as building more durable, qualitative goods, 

there is opportunity to reduce waste at the consumer level. Therefore, the basic idea of the 

workshop is to provide a second life to products. Beyond the profound local social impact that 

arises from such initiatives, it also brings a positive effect on the environment as it participates 

to the reuse of a good in its initial utility or for another goal. 

A fourth example is the case of the first ‘Community Land trust’ created in Germany by an 

organic farmer, Christian Hiss, from Eichstetten, near Fribourg. After the refusal of a banking 

loan in 2006, he decided to create with its friends a corporate citizenship, the Regionalwert 

AG (RWAG), whose capital is opened to local citizens. In 2016, several hundreds of citizens 

owned a portion of RWAG that operates on eight hectares (Manier, 2016). In top of expanding 

organic lands, according to the structure of collective management, he created a genuine 

organic chain that encompasses vegetables production, a winery, a caterer that only use local 

products, three organic supermarkets, a delivery service, and other activities. Consequently, a 

local ecosystem has been emerging counting sixteen local enterprises and 200 workers 

(Manier, 2016). Each year, all the member of the RWAG receive a review not only describing 

the financial Snapchat but also the actions undertaken to reduce land degradation and the use 

of resources. Consequently, the establishment of the Community Land Trust has permitted to 

members of a locality to manage rationally commons. This example that seems to be further 

away from the idea of LaFed, shows well that a group from the civil society may help the 

administration of commons in an efficient way.  

In fact, numerous other examples may be cited in respect to water management, agriculture 

and land degradation, local currency to develop local resilience, energy management, or again 

housing. They all show local initiatives that not only have social positive consequences but 

also profound local, positive impacts on the environment. In this vein, these local initiatives 

are partly answering to the environmental crisis. Indeed, the agglomeration of these separated 

initiatives are believed to be positive in regard to the environment. However, these initiatives 

are too much compartmentalized and marginalized. Consequently, the goal of ‘LaFed’ appears 

to be beyond the mission of ‘Network in Transition’ of helping to create local initiatives. In 

fact, ‘LaFed’ may federate this plethora of initiatives for the emergence of an ecosystem. An 
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ecosystem that will share goods and services, create global commons, produce local 

values, manage local commons, and participate to the building of local resilience.  

Indeed, first ‘LaFed’ is a platform of the sharing. A simple use of the platform will be to share 

goods and services, with an obligatory preference for the local. Consequently, according to 

the study of ADEME et al. (2016) previously introduced, this service provides a direct positive 

effect on the environment. Moreover, all the value captured through the sharing transactions 

will be reinjected within local communities according to the ‘generative model’. For example, 

imagine that the IT tools used by ‘LaFed’ permits to measure all sharing transactions that were 

proceeded in a region around a ‘LaFed house’. A certain percentage of the value of the 

transactions will be automatically redistributed to the ‘local house’ in order to undertake its 

initiatives. Secondly, ‘LaFed platform’ permits the creation of digital global commons, from 

knowledge to product designs. Concerning product designs, assuming the quality and 

durability of the designed good, they are participating to reduction of demand in material and 

reduction of waste from an individual. Such conclusions are defended by the report of the Club 

of Rome about ‘Circular Economy and Benefits for society (Wijkman, & Skånberg, 2017). 

Thirdly, in conjunction of the creation of digital, global commons, ‘LaFed’ permits production 

of local shared or market values. Imagine that a number of digital product design are freely 

accessible by ‘LaFed House’; using a 3D printing machine, a member of the ‘LaFed House’ 

may manufacture the real good. This production scheme already exists. For example, the start-

up ‘Marklix’ is a web platform that connects manufacturers' brands and more generally any 

3d file designer with consumers by producing 3d printing, on demand and locally, of spare 

parts. The immediate effects are the cost reduction for manufacturers (stocking costs and 

transportation costs of spare parts) as well as a greater reparation rate of goods. More 

generally, the world has been experiencing the emergence of Fab labs. For illustration, the 

network e-Nable conceives and distributes hand protheses at a cost a thousand times lower 

than classical products (Manier, 2016). Henceforth, the production of local shared or market 

value arise as an efficient way to produce goods at the lowest entropic cost.  

In conclusion, the establishment of ‘LaFed’ would contribute positively to the environmental 

crisis explained in the first part. Again, the project ‘LaFed’ does not proposes a new 

technology, an innovative product, or unique service. The project innovates by constructing a 

complex and dynamic organization that will help the emergence of new technologies, 

innovative products, and customizable services. It exists a great number of initiatives that not 
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only have positive social effects but great environmental impacts; however, these initiatives 

are still too much separated. ‘LaFed’, therefore, establishes itself as “a functional link between 

the exuberance of the crowd and the rigor of the norm, between horizontal chaos and vertical 

organization, between bottom-up and top-down” to restate the words of J.Blamont (2018- 

p260). 

Conclusion 

The objective of this thesis was to develop a theoretical structure of an organization that deals 

with environmental challenges and helps construct a more resilient and sustainable society. 

This section shall evoke the various arguments used to achieve this end, before discussing both 

the limitations of the analysis as well as of the impact of the organization itself.  

Firstly, this thesis analyzed and described the environmental context and the major causes of 

the environmental crisis that is faced by society. Climate change and global land degradation 

are the two key elements constituting the environmental crisis. Both have a common 

denominator in human activities. On the one hand, agriculture, transportation, industry, or 

utilization of buildings, which are all based on an exo-skeleton (machines) running on fossils 

fuels, are emitting greenhouse gases. This increase in GHG emissions has contributed to the 

rise of GHG’s concentration on land, in the atmosphere, and in the oceans. In the atmosphere, 

the direct consequence is an exacerbation of the greenhouse effect. As a consequence, Earth 

is accumulating thermal energy which has various effects such as the warming of the overall 

temperature, the warming of the oceans, the change of water cycles, etc. On the other hand, 

human activities, led mostly by population growth and economic development, are also 

degrading lands. Indeed, improper grazing land and cropland management, disturbance of 

forests, development of extractive industries, and finally the expansion of infrastructures are 

all direct causes of land degradation.  

In fact, the analysis demonstrated that the development of human societies was possible due 

to an increased reliance on fossil fuels, from coal to petroleum-based products, which 

represented 81% of the primary energy used by humanity in 2018 (IEA, 2019). However, 

fossils fuels, that promotes food production through agriculture, more comfortable living 

conditions through industry and greater mobility through improved transportation may 

ultimately lead to long-term risks. Indeed, climate change coupled with land degradation are, 
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in turn, putting at risk Earth biodiversity, distorting ecosystems on which humans rely, 

degrading water resources, and impairing global food security. 

Secondly, this thesis focused on a critical description of economics that have driven the rapid 

development of human societies over the previous centuries.  Indeed, while the application of 

mainstream economics has been a useful tool enabling a great development of human societies 

on a short time scale, neo-classical economics is subject to a plethora of criticisms raised by 

various schools of thoughts, including biophysical economics. 

Biophysical economics primarily raised doubts on the foundation of the model by questioning 

the notion of a perpetual motion machine, defended by the mechanical vision of the 

neoclassical school, and the paradigm of indefinite growth. Consequently, biophysical 

economics urges the application of the laws of thermodynamics and the integration of the 

biophysical matrix within the neoclassical model. In other words, biophysical economics 

defends the inclusion of the concept of energy and entropy within economics.  

In this vein, this thesis focused on the concept of entropy that may play a crucial role in the 

development of economics theories. Entropy is a measure of order; looking at energy, it can 

also be viewed as the degree of degradation of energy. Applying entropy to open-systems such 

as human societies, this thesis demonstrated that these open-systems, defined as ‘dissipative 

structures’, were compensating their own entropic degradation by continuously assimilating 

negentropy within their system while rejecting greater amounts of high entropy in their 

environment. In other words, the assimilation of negentropy is linked on one side with the 

rapid development of human societies based on increasing reliance on fossil fuels; and, the 

rejection of higher entropy in the environment is linked on the other side with the increasing 

pollution rate that lead to climate change and land degradation. This conclusion raised the idea 

that humanity should move from a colonizing state (maximizing the flow of energy) to a 

climactic phase (minimizing flow-through of energy). 

In order to proceed to such a transition, various solutions are offered to Homo Sapiens. One 

can aggregate all solutions into two fundamental groups: technological and political. On the 

one hand, technological solutions encompass all solutions that increase energy efficiency of 

all energetic convertors, from light bulbs to power plants. Moreover, this category includes 

technologies that help the spread of renewable energy solving the issues of intermittency and 

dispatchability of renewable energy. For example, studies on storage energy solutions, 

research on smart grids and smart cities, or on biomethane are all valuable technological 

solutions to successfully implement an energetic transition and sustainable development. On 



 
78 

the other hand, political-based solutions target the reduction and rationalization of demand 

pertaining to all human activities (agriculture, buildings, industry, transport). While a number 

of political-based solutions come from regulations imposed by governments, a great number 

of solutions originate from the bottom up — solutions emerging due to an active civil society. 

Concerning bottom up solutions, two fundamental trends are emerging: the expansion of the 

sharing economy and the development of the P2P economy.  

The sharing or collaborative economy is defined as business models, where private individuals 

(service providers) offer their unused goods, services or resources, with or without 

compensation, to other private individuals or businesses (customer) via an online collaborative 

platform. The sharing economy is experiencing a rapid and strong development, although it 

has deviated from its initial vision of inclusiveness and sustainability. Indeed, all the dominant 

platforms are applying an ‘extractive model’, extracting values from exchanges made between 

individuals without reinvesting it within communities. Concerning the environmental benefits 

of the sharing economy, it could be considered a potential solution for the environmental crises 

as soon as factors of exchange modality and feedback effects are taken into account. On the 

other side, the P2P economy is an intersubjective dynamic characteristic of distributed 

networks, which is associated with the production of value (peer production) and the idea of 

peer governance. While P2P economy processes are highly spread into the nonmaterial world, 

it faces challenges into the material world, such as safeguarding collaboration and reducing 

appearance of free riding. In this vein, thinkers of the P2P economy defend commons-based 

peer production (CBPP) organization that produces non-material value globally and material 

value locally. This scheme is called ‘cosmolocalism’. It involves local environmental benefits 

due to local initiatives. Aggregating these local initiatives is believed to be highly valuable to 

answering to the environmental crisis. 

Finally this thesis described an imagined organization that provides a functional link between 

“the exuberance of the crowd and the rigor of the norm, between horizontal chaos and vertical 

organization, between bottom-up and top-down” (J.Blamont, 2018- p260). This organization 

is called ‘The Federation of the Shared’ (LaFed). LaFed is part of the realm of CBPP 

organizations, combining the creation of global commons and local commons or market-

products/services based on peer-production. Having the mission of gathering the dispersed — 

‘sparsa colligo’—, LaFed aims to gather all dispersed local initiatives. As such, LaFed has 

three objectives of (1) offering a general platform in order to facilitate exchanges of goods and 

services as well as to help the production of shared value; (2) Enabling local communities to 
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respond to local problems; and overall, (3) Helping the transition toward an entropic 

climactic phase and build up resilience of communities. In fact, applying a P2P economy 

system dynamic, LaFed is made of three dependent macro-structures that are (1) a for-profit 

association that safeguard collaboration within the ecosystems by establishing and ensuring 

the respect of rules and mechanisms; (2) an online platform that allows the share of goods and 

services between individuals and the production of shared value such as digital commons; (3) 

multiple independent local open-cooperatives, ‘LaFed Houses’, to create physical goods and 

services locally at low entropic costs so that answering to local problems while minimizing 

the impact on the environment. 

Concerning the two primary objectives, LaFed is imagined to be an organization based on a 

‘generative model’, in which the values derived from all sharing transactions made by 

individuals are partly reinjected in communities to help the emergence of resilient 

communities. The two first objectives may be realized due to implementation of IT tools and 

methods of governance based on collective intelligence and sociocracy. Applying these 

methods of governance will insure the establishment of peer-governance within the ecosystem 

of LaFed. Concerning the last objective of helping the transition toward an entropic climactic 

phase, LaFed may succeed it as the organization influence all members to change their way of 

interacting and consuming. In other words, the creation of LaFed might lead to increasing 

cultural-based solutions targeted reduction and rationalization of human activities (agriculture, 

buildings, industry, transport). Indeed, this organization may effect various sides of human 

societies dynamics as it pushes change within the transportation (e.g: increase car-sharing 

practices), within industrial activities (e.g: ensure local production), within consumption 

patterns (e.g: reducing consumption habits), and other fields that are direct factors of the 

environmental crisis. It is fundamental to say that LaFed does not position itself as the new 

way to live within the society, but as a new alternative way to live. An alternative way that 

prospers aside, and sometimes within, the market-based activities. An alternative way that 

consider the State not only as a ruler but also as a partner for answering the environmental 

crisis. An alternative way that see the digital revolution as an opportunity to not only enters 

within the ‘time of access’ but also within the time of ‘commons’.  

Limits of this thesis 

While this thesis discusses the environmental crisis, summarizes the economic downturn, and 

opens on a possible creation of an institution to multiply the number reforming paths, it is 
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essential to take a critical view. Research findings are presented in a more objective context, 

based on scientific analysis, before entering more and more within subjective matters.  

Indeed, the first part of this thesis dedicated to the environmental and energetic context only 

summarizes the scientifically analysis. Content describing the climatic context is aligned with 

the work of the IPCC, content from land degradation is aligned with works done by the United 

Nations and the IPBES, and content concerning Energy is aligned with analysis of the IEA 

and other works of reference. In fact, scenarios from the work of the IPCC or the IEA are the 

sole element that need care. They should not be regarded as definite future outcomes but as 

potential future outcomes that depend on a set of factors. However, all of these scenarios 

provide valuable tools to draw policy and effective strategies to alleviate humanity from the 

environmental crisis. 

 The second part on economics and economic trends may be more easily subjected to criticism 

as economics is one of the most complex systems that science tries to understand. Therefore, 

this thesis limits itself only to describe key features of neoclassical economics and biophysical 

economics. In other words, this thesis’ objective is only to provide an overall approach of 

economics; I recommend to the reader further researchon mainstream economics and 

biophysical economics to deepen its knowledge. Moreover, concerning sharing economy and 

P2P economy, while the first has been deeply analyzed, the second has not been highly 

reviewed by the literature.As a result, findings were presented in a simplified manner in order 

to ensure clarity.. In regard to their effects, while their social effects have received greater 

attention, while not described in this thesis, their environmental effects are hard to analyze 

with robustness. Hence, the potential environmental impact of both trends should be the 

subject of further studies in developed countries and in developing countries.  

Finally, the last part of this thesis is highly subjective as it describes an imagined organization. 

On the one hand, this thesis only describes the main lines of the organization’s dynamics. It 

would be interesting to reframe the dynamics of ‘LaFed’ using collective intelligence methods. 

On the other hand, the potential of the environmental effects of ‘Lafed’ is only based on 

multiple local initiatives. While the potential effect on the environment is believed to be 

considerable, a close and scientific approach would be valuable to ensure the expression of 

such outcome. Moreover, while this thesis only describes the potential effects on the 
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environment; it would be valuable to study the social context and the potential effects of 

such an organization on the social sphere. 

A final word:  
Despite the potential criticisms addressed above, this thesis has argued that the creation of 

LaFed would be a beneficial contribution towards dealing with the environmental crisis. Its 

strength lies in its bottom up - top down approach, which broadens the power of action away 

from solely technological breakthroughs or international, political decisions to a readily 

accessible institution.  

Surprisingly, the creation of ‘LaFed’ may appear faster than could have been expected. Just 

as the recent initiative of ‘Masks.Coronavirus.Brussels’ to help the fight against the COVID-

19 outbreak, by working with existent organisms, ‘LaFed’ could emerge in a relatively small 

amount of time. Indeed, the organism ‘ouishare.com’ that works at transforming the world 

through sharing, may help ‘LaFed’ in overseeing the operation of sharing. The organism ‘P2P 

Foundation’ and some of its projects such as the ‘Distributed Design Market Platform’ project, 

which acts as an exchange and networking hub for the European Maker Movement, may be a 

great leverage to rapidly design a tool to create goods and services at lower entropic cost. The 

organism transitionnetwork.org which collates initiatives led by communities worldwide may 

be a great source for a potential ‘LaFed House’. All of these organizations provide to differing 

extents support or tools to help individuals answer their needs while safeguarding the 

environment. ‘LaFed’ may help the symbiose of these organizations in order to achieve more 

effectively each of their missions. Consequently, supposing the cooperation of existing 

organisms, ‘LaFed’ may emerge more rapidly than imagined in order to help the emergence 

of increasingly resilient communities and help the transition toward an entropic climactic 

phase.  

In sum, ‘LaFed’ could contribute towards the fulfillment of social needs without exceeding 

the carrying capacity of the planet and damaging the vital cycles and needed balanced 

ecosystems that sustain human life. 



 
82 

References 

Poitout, H (2018a) La Folie des Paniers, Transquebec 4; Gaïa Presse, Published on September 2018; 

Retrieved on April 5th 2020 from https://www.gaiapresse.ca/2018/09/folie-paniers-transquebec-4/ 

Poitout, H (2018b) Jardins communautaires, la réponse pour demain ? – TransQuébec 2 ; Gaïa Presse, 

Published on July 2018; Retrieved on April 5th 2020 from https://www.gaiapresse.ca/2018/07/jardins-

communautaires-reponse-demain-transquebec-2 

Raworth, K (2020) What on Earth is a Doughnut, Retrived on April 5th 2020 from 

https://www.kateraworth.com/doughnut/ 

PART A  

Achard, F. (2009). Vital forest graphics. UNEP/Earthprint. 

Allwood J. M., V. Bosetti, N. K. Dubash, L. Gómez-Echeverri, and C. von Stechow, 2014: Glossary. In: 
Climate Change 2014: Mitigation of Climate Change. Contribution of Working Group III to the Fifth 
Assessment Report of the Intergovernmental Panel on Climate Change[Edenhofer, O., R. Pichs-Madruga, 
Y. Sokona, E. Farahani, S. Kadner, K. Seyboth, A. Adler, I. Baum, S. Brunner, P. Eickemeier, B. Kriemann, 
J. Savolainen, S. Schlömer, C. von Stechow, T. Zwickel and J.C. Minx (eds.)]. Cam-bridge University Press, 
Cambridge, United Kingdom and New York, NY, USA. 

Angel, S ., Parent, J ., Civco, D . L ., Blei, A ., & Potere, D . (2011) . The dimensions of global urban 
expansion: Estimates and projections for all countries, 2000-2050 . Progress in Planning, 75(2), 53-107 . 
https://doi .org/10 .1016/j . progress .2011 .04 .001  

Ayres, R. (2016). Energy, complexity and wealth maximization. Cham: Springer. 

Barger, N. N., Gardner, T. A., Sankaran, M., Belnap, J., Broadhurst, L., Brochier, V., Isbell, F., Meyfroidt, 
P., Moreira, F., Nieminen, T. M., Okuro, T., Rodrgiues, R. R., Saxena, V., and Ross, M. Chapter 3: Direct 
and indirect drivers of land degradation and restoration. In IPBES (2018): The IPBES assessment report 
on land degradation and restoration. Montanarella, L., Scholes, R., and Brainich, A. (eds.). Secretariat of 
the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services, Bonn, Germany, 
pp. 137-218.  

Barnosky A.D. et al. (2013) Scientific Consensus on Maintaining Humanity’s Life Support Systems in the 
21st Century: Information for Policy Makers, Rapport de 52 pp. 

Bernard, Emmanuel (2018) Acidification et réchauffement des océans : des dangers qui se démultiplient, 
Published on May 5th 2018, Retrieved on March 3rd 2020 from 
https://reseauactionclimat.org/acidification-rechauffement-ocean-dangers-demultiplies/ 

Bourguignon, L. & Bourguignon, C. (2015). La mort des sols agricoles. Études sur la mort, 148(2), 47-53. 
doi:10.3917/eslm.148.0047.  



 
83 

Brink, B. J. E. ten., Cantele, M., Adams, V. M., Bonn, A., Davies, J., Fernández, M., Matthews, N., 
Morris, J., Ramírez Hernández, W. A., Schoolenberg, M. A., Berg, M. van den, Pennock, D., and 
Vuuren, D. P. van. Chapter 7: Scenarios of land degradation and restoration. In IPBES (2018): The IPBES 
assessment report on land degradation and restoration. Montanarella, L., Scholes, R., and Brainich, A. 
(eds.). Secretariat of the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem 
Services, Bonn, Germany, pp. 531-589. 

Connaissance des Energies (2015), Qu’est-ce que l’entropie, Connaissance des Energies, Retrieved oon 
January 29th 2020 from https://www.connaissancedesenergies.org/quest-ce-que-lentropie-150928 

Connaissance des Energies (2013), 'L’énergie sous toutes ses formes: définitions', Fondation Alcen 

Da Silva, H.G. Soils Are the Foundations of Family Farming; FAO: Rome, Italy, 2014. Available online: 
http://www.fao.org/soils-2015/news/news-detail/en/c/271795/ (accessed on 10 October 2015). 

Debeir, J. C., Deléage, J. P., & Hémery, D. (2013). Une histoire de l'énergie. Flammarion. 

Demirel, Y. (2012). Energy: production, conversion, storage, conservation, and coupling. Springer Science 
& Business Media. 

ECA, European Commission on Agriculture (2015), Combating land degradation for food security and 
provision of soil ecosystem services in Europe and Central Asia – International Year of Soils 2015, 
ECA/39/15/3 

EPA (2014) "Climate Change Indicators: Climate Forcing", Updated on May 2014, Retrieved from 
https://www.epa.gov/climate-indicators/climate-change-indicators-climate-forcing on November 25th 
2019 

EPA (2019) Climate Change Indicators: Greenhouse Gases, retrieved from https://www.epa.gov/climate-
indicators/greenhouse-gases on November 24th 2019 

Fisher, J., Montanarella, L., and Scholes, R. Chapter 1: Benefits to people from avoiding land degradation 
and restoring degraded land. In IPBES (2018): The IPBES assessment report on land degradation and 
restoration. Montanarella, L., Scholes, R., and Brainich, A. (eds.). Secretariat of the Intergovernmental 
Science-Policy Platform on Biodiversity and Ecosystem Services, Bonn, Germany, pp.1-51 

Foley, J.A.; Defries, R.; Asner, G.P.; Barford, C.; Bonan, G.; Carpenter, S.R.; Chapin, F.S.; Coe, M.T.; 
Daily, G.C.; Gibbs, H.K.; et al. Global Consequences of Land Use. Science 2005, 309, 570–574 

GEA, 2012: Global Energy Assessment – Toward a Sustainable Future, Cambridge University Press, 
Cambridge UK and New York, NY, USA and the International Institute for Applied Systems Analysis, 
Laxenburg, Austria. Gomiero, T. (2016). Soil degradation, land scarcity and food security: Reviewing a 
complex challenge. Sustainability, 8(3), 281. 

Goodwin, P., et al. (2018) Pathways to 1.5C and 2C warming based on observational and geological 
constraints, Nature Geophysics, doi:10.1038/s41561-017-0054-8 

IEA (2019), "World Energy Outlook 2019", IEA, Paris https://www.iea.org/reports/world-energy-outlook-
2019 



 
84 

IPBES (2018): The IPBES assessment report on land degradation and restoration. Montanarella, L., 
Scholes, R., and Brainich, A. (eds.). Secretariat of the Intergovernmental Science-Policy Platform on 

Biodiversity and Ecosystem Services, Bonn, Germany. 744 pages. 

IPBES (2019): Summary for policymakers of the global assessment report on biodiversity and ecosystem 
services of the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services. S. Díaz, 
J. Settele, E. S. Brondízio E.S., H. T. Ngo, M. Guèze, J.Agard, A. Arneth, P. Balvanera, K. A. Brauman, S. 
H. M. Butchart, K. M. A. Chan, L. A. Garibaldi, K. Ichii, J. Liu, S. M. Subramanian, G. F. Midgley, P. 
Miloslavich, Z. Molnár, D. Obura, A. Pfaff, S. Polasky, A. Purvis, J. Razzaque, B. Reyers, R. Roy 
Chowdhury, Y. J. Shin, I. J. Visseren-Hamakers, K. J. Willis, and C. N. Zayas (eds.). IPBES secretariat, 
Bonn, Germany. 56 pages. 

IPCC, 2013: Climate Change 2013: The Physical Science Basis. Contribution of Working Group I to the 
Fifth Assessment Report of the Intergovern- mental Panel on Climate Change [Stocker, T.F., D. Qin, G.-K. 
Plattner, M. Tignor, S.K. Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex and P.M. Midgley (eds.)]. Cambridge 
University Press, Cambridge, United Kingdom and New York, NY, USA, 1535 pp.  

IPCC, 2014: Climate Change 2014: Synthesis Report. Contribution of Working Groups I, II and III to the 
Fifth Assessment Report of the Intergovernmental Panel on Climate Change [Core Writing Team, R.K. 
Pachauri and L.A. Meyer (eds.)]. IPCC, Geneva, Switzerland, 151 pp. 

IPCC, 2018: Global Warming of 1.5°C. An IPCC Special Report on the impacts of global warming of 1.5°C 
above pre-industrial levels and related global greenhouse gas emission pathways, in the context of 
strengthening the global response to the threat of climate change, sustainable development, and efforts to 
eradicate poverty [Masson-Delmotte, V., P. Zhai, H.-O. Pörtner, D. Roberts, J. Skea, P.R. Shukla, A. Pirani, 
W. Moufouma-Okia, C. Péan, R. Pidcock, S. Connors, J.B.R. Matthews, Y. Chen, X. Zhou, M.I. Gomis, E. 
Lonnoy, T. Maycock, M. Tignor, and T. Waterfield (eds.)]. In Press. 

IPCC (2019) "Scenario Process for AR5", Last update on November 9th 2019; Retrieved from 
https://sedac.ciesin.columbia.edu/ddc/ar5_scenario_process/index.html on November 25th 2019 

IPCC (2019b) An IPCC Special Report on Climate Change, Desertification, Land Degradation, 
Sustainable Land Management, Food Security, and Greenhouse Gas Fluxes In Terrestrial 
Ecosystems. 
 
Jancovici, J-M (2018) Jean-Marc Jancovici, ‘l’Energie, de quoi s’agit-il exactement?’, Published August 
1st 2011 ; Last modification on September 2nd 2018; Retrieved on January 30th from 
https://jancovici.com/transition-energetique/l-energie-et-nous/lenergie-de-quoi-sagit-il-exactement/ 

Kander, A., Malanima, P., & Warde, P. (2015). Power to the people: energy in Europe over the last five 
centuries (Vol. 46). Princeton University Press. 

Kesler, S. 2007. Mineral supply and demand into the 21st century. In: Proceedings, Workshop on Deposit 
Modeling, Mineral Resource Assessment, and Sustainable Development (pp. 55-62). 

Kümmel, R. (2011). The second law of economics: energy, entropy, and the origins of wealth. Springer 
Science & Business Media. 

Lebowitz, J. L. (2007). Emergent phenomena. Physik Journal, 6(8/9), 41. 

MacKay, D. (2008). Sustainable Energy-without the hot air. UIT Cambridge. 



 
85 

Mann E. Michael (2019) Greenhouse Gases, Atmospheric science, Encyclopedia Britannica 
https://www.britannica.com/science/greenhouse-gas 

Melissa Denchak (2019), NRDC, retrived from https://www.nrdc.org/stories/greenhouse-effect-101#gases 
on November 24th 2019 

Met Office (2019) Met Office, "How much CO2 at 1.5°C and 2°C?", Retrieved from 
https://www.metoffice.gov.uk/research/news/2018/how-much-co2-at-1.5c-and-2c on November 25th 2019 

Millar, R. et al. (2017) Emission budgets and pathways consistent with limiting warming to 1.5C, Nature 
Geophysics, doi:10.1038/ngeo3031 

Myhre, G., D. Shindell, F.-M. Bréon, W. Collins, J. Fuglestvedt, J. Huang, D. Koch, J.-F. Lamarque, D. 
Lee, B. Mendoza, T. Nakajima, A. Robock, G. Stephens, T. Takemura and H. Zhang, 2013: Anthropogenic 
and Natural Radiative Forc-ing. In: Climate Change 2013: The Physical Science Basis. Contribution of 
Working Group I to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change 
[Stocker, T.F., D. Qin, G.-K. Plattner, M. Tignor, S.K. Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex and 
P.M. Midgley (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA. 

Narbel, P. A., Hansen, J. P., & Lien, J. R. (2014). Energy technologies and economics. Springer. 

Newbold, T ., Hudson, L . N ., Hill, S . L . L ., Contu, S ., Lysenko, I ., Senior, R . A ., Börger, L ., Bennett, 
D . J ., Choimes, A ., Collen, B ., Day, J ., De Palma, A ., Díaz, S ., Echeverria-Londoño, S ., Edgar, M . J 
., Feldman, A ., Garon, M ., Harrison, M . L . K ., Alhusseini, T ., Ingram, D . J ., Itescu, Y ., Kattge, J ., 
Kemp, V ., Kirkpatrick, L ., Kleyer, M ., Correia, D . L . P ., Martin, C . D ., Meiri, S ., Novosolov, M ., Pan, 
Y ., Phillips, H . R . P ., Purves, D . W ., Robinson, A ., Simpson, J ., Tuck, S . L ., Weiher, E ., White, H . J 
., Ewers, R . M ., Mace, G . M ., Scharlemann, J . P . W ., & Purvis, A . (2015) . Global effects of land use 
on local terrestrial biodiversity . Nature, 520(7545), 45-50 . https://doi .org/10 .1038/ nature14324 

Ngô, C. (2008). L'énergie-3e éd.: Ressources, technologies et environnement. Dunod. 

NOAA (2020), National Oceanic and Atmospheric Administration, CO2 concentration, CH4, N2O, 
HFCFCs, CFCs concentration provided by Advanced Global Atmospheric Gases Experiment (AGAGE), 
Retrieved from https://www.eea.europa.eu/data-and-maps/daviz/observed-trends-in-total-global-6#tab-
chart_3 

Nolting, W. (2018). Theoretical Physics 5. Springer International Publishing. 

OECD (2012), Energy, OECD Green Growth Studies, OECD Publishing. 
http://dx.doi.org/10.1787/9789264115118-en 

Prince, S., Von Maltitz, G., Zhang, F., Byrne, K., Driscoll, C., Eshel, G., Kust, G., Martínez-Garza, C., 
Metzger, J. P., Midgley, G., Moreno-Mateos, D., Sghaier, M., and Thwin, S. Chapter 4: Status and trends 
of land degradation and restoration and associated changes in biodiversity and ecosystem fundtions. In 
IPBES (2018): The IPBES assessment report on land degradation and restoration. Montanarella, L., 
Scholes, R., and Brainich, A. (eds.). Secretariat of the Intergovernmental Science-Policy Platform on 
Biodiversity and Ecosystem Services, Bonn, Germany, pp. 221-338. 

Richardson, M., Cowtan, K., Hawkins, E., Stolpe, M. B. (2016). Reconciled climate response estimates from 
climate models and the energy budget of Earth. Nat. Clim. Chang. 6, 931–935. doi:10.1038/nclimate3066 



 
86 

Richardson, M., et al. (2018). Global temperature definition affects achievement of long-term climate 
goals. Environmental Research Letters, doi:10.1088/1748-9326/aab305 

Ritchie, Hannah & Roser, Max (2020a)  - "CO₂ and Greenhouse Gas Emissions". Published online at 
OurWorldInData.org. Retrieved from: 'https://ourworldindata.org/co2-and-other-greenhouse-gas-
emissions' [Online Resource]  

Ritchie, Hannah & Roser, Max (2020b) - "Land Use". Published online at OurWorldInData.org. Retrieved 
from: 'https://ourworldindata.org/land-use' [Online Resource]  

Ritchie, Hannah and Roser, Max (2020c) - "Energy". Published online at OurWorldInData.org. Retrieved 
from: 'https://ourworldindata.org/energy' [Online Resource] 

Rojas, R. V., Achouri, M., Maroulis, J., & Caon, L. (2016). Healthy soils: a prerequisite for sustainable 
food security. Environmental Earth Sciences, 75(3), 180. 

Saggion, A., Faraldo, R., & Pierno, M. (2019). Thermodynamics: Fundamental Principles and 
Applications. Springer Nature. 

Servigne, Pablo (2013) Nourrir l'Europe en temps de crise: vers des systèmes alimentaires résilients 

Schrödinger, Erwin. 1945. What is life? The physical aspects of the living cell. London: Cambridge 
University Press. 

Schwartzentruber, Jacques (2007) Thermodynamique, École des Mines d'Albi-Carmaux, Retrieved January 
30th 2020 from https://nte.mines-albi.fr/Thermo/co/Thermo.html 

Stocker, T.F., D. Qin, G.-K. Plattner, L.V. Alexander, S.K. Allen, N.L. Bindoff, F.-M. Bréon, J.A. Church, 
U. Cubasch, S. Emori, P. Forster, P. Friedlingstein, N. Gillett, J.M. Gregory, D.L. Hartmann, E. Jansen, 
B. Kirtman, R. Knutti, K. Krishna Kumar, P. Lemke, J. Marotzke, V. Masson-Delmotte, G.A. Meehl, I.I. 
Mokhov, S. Piao, V. Ramaswamy, D. Randall, M. Rhein, M. Rojas, C. Sabine, D. Shindell, L.D. Talley, D.G. 
Vaughan and S.-P. Xie, 2013: Technical Sum- mary. In: Climate Change 2013: The Physical Science Basis. 
Contribution of Working Group I to the Fifth Assess- ment Report of the Intergovernmental Panel on 
Climate Change [Stocker, T.F., D. Qin, G.-K. Plattner, M. Tignor, S.K. Allen, J. Boschung, A. Nauels, Y. 
Xia, V. Bex and P.M. Midgley (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New 
York, NY, USA. 

Struchtrup, H. (2014). Thermodynamics and energy conversion. Springer. 

Tame, J. R. (2019). Approaches to Entropy. Springer Nature Singapore Pte Ltd. 
https://doi.org/10.1007/978-981-13-2315-7_1 

UNCCD (2017) United Nations Convention to Combat Desertification The Global Land Outlook, first 
edition. Bonn, Germany. 

United Nations (2015) Paris Agreement, Retrieved from 
https://unfccc.int/sites/default/files/english_paris_agreement.pdf on November 25th 2019 



 
87 

USGS (2020) Where is Earth's Water?; USGS, Retrieved on January 23th 2020 from 
https://www.usgs.gov/special-topic/water-science-school/science/where-earths-water?qt-
science_center_objects=0#qt-science_center_objects 

Utuk, I. O., & Daniel, E. E. (2015). Land degradation: a threat to food security: a global assessment. J 
Environ Earth Sci, 5(8), 13-21. 

 

PART B 

Adar, E., Huberman, B.A. (2000), « Free Riding on Gnutella », First Monday, octobre.  

ADEME (2012); 'Etude sur la durée de vie des équipements électriques et électroniques' 

ADEME. BIOby Deloitte, CREDOC, OuiShare. (2016) Potentiels d’extension de l’économie collaborative pour 
réduire les impacts environnementaux. 108 pages. Cet ouvrage est disponible en ligne www.ademe.fr, rubrique 
Médiathèque (URL) 

Ayres, R. U., 1978. Resources, Environment, and Economics: Applications of the Materials/Energy Balance 
Principle. John Wiley and Sons, New York. 

Ayres, R. U., & Warr, B. (2005). Accounting for growth: the role of physical work. Structural Change and 
Economic Dynamics, 16(2), 181-209. 

Ayres, R. U., & Warr, B. (2010). The economic growth engine: How energy and work drive material prosperity. 
Edward Elgar Publishing. 

Bacache-Beauvallet, M., & Cagé, J. (2016). “Peer-to-Peer”: The True Economic Issues. Revue d'économie 
industrielle, (3), 11-39. 

Barbazan, Etienne (2020) Michel Bauwens: "Plus une civilisation est inégalitaire et prédatrice, plus dure est sa 
chute", L'Echo, Published on January 24th 2020, Retrieved on February 25th from  

Barnett, H. (1979). Scarcity and growth revisited. Scarcity and growth reconsidered, 163-217. 

Barnett, H., and C. Morse (1963). Scarcity and Growth. Washington, D.C.: Resources for the Future.  

Basselier, R., Langenus, G., & Walravens, L. (2018). The rise of the sharing economy. NBB Economic Review. 
September, 57-78. 

Bauwens, Michel & Onzia, Yurek (2017) The context and structure of the report, Executive summary ; Retrieved 
on February 25th 2020 from https://blog.p2pfoundation.net/a-commons-transition-plan-for-the-city-of-
ghent/2017/09/14#_ftn1 

Bauwens, M., & Kostakis, V. (2017). Manifeste pour une véritable économie collaborative: vers une société des 
communs. ECLM. 



 
88 

Bauwens, M., Kostakis, V., & Pazaitis, A. (2019). Peer to peer: the commons manifesto. London: University 
of Westminster Press. 

Bauwens, M., & Sussan, R. (2005). Le peer to peer: nouvelle formation sociale, nouveau modèle civilisationnel. 
Revue du MAUSS, (2), 193-210. 

Benkler, Y. (2006) The Wealth of Networks: How Social Production Transforms Markets and Freedom. New 
Haven, CT: Yale University Press. 

Benkler, Y., Algan, Y. Fuster Morell, M., Hergueux, J. (2014a), « Cooperation in a Peer Production Economy 
Experimental Evidence from Wikipedia », Document de travail.  

Brastaviceanu, T,  Laughlin, S,  Anastassiou, J (2019) Interfaces between open networks and traditional 
organisations the Sensorica experience, Retrieved on February 26th 2020 from 
https://docs.google.com/document/d/1ABmC6YJsszlIPoL-YXU3GF-PLHY0tmQdocBExswh7Lw/edit# 

BSR (2016) An Inclusive Sharing Economy, Unlocking business opportunities to support low- income and 
underserved communities, business leadership for an inclusive economy 

Chappelow, Jimmy (2019) Economic Growth, Investopedia, Retrieved on February 13th 2020 from 
https://www.investopedia.com/terms/e/economicgrowth.asp 

Cleveland, Cutler J. 1991. Natural resource scarcity and economic growth revisited: Economic and biophysi- 
cal perspectives. In Ecological economics: The science and management of sustainability, ed. R. Costanza, 289–
317. New York: Columbia University Press.  

Cleveland, Cutler J . 1999. Biophysical Economics: From Physiocracy to Ecological Economics and Industrial 
Ecology. In Bioeconomics and Sustainability: Essays in Honor of Nicholas Gerogescu-Roegen, J. Gowdy and K. 
Mayumi, Eds. (Edward Elgar Publishing, Cheltenham, England), pp. 125- 154.  

Cochet, Y. (2015). Chapitre 6. L’économie biophysique: Une économie pour l’ère de la décroissance. Dans : , 
A. Sinaï, Économie de l'après-croissance: Politiques de l’Anthropocène II (pp. 137-160). Paris: Presses de 
Sciences Po.  

Cook, E. (1971). The flow of energy in an industrial society. Scientific American, 225(3), 134-147. 

Crespo, E & Olalla D.M. (2019) World Economy Forum Annual Meeting, Does the sharing economy truly know 
how to share? World Economy Forum, Published on January 21st 2019, Retrieved on March 3rd 2020 from 
https://www.weforum.org/agenda/2019/01/does-the-sharing-economy-truly-know-how-to-share/ 

Daly, H. (1977). Steady state economy. San Francisco. 

Demailly, D. & Novel, A-S. (2014), 'Économie du partage : enjeux et opportunités pour la transition écologique'; 
IDDRI 

EU, European Union (2017) Study to Monitor the Economic Development of the Collaborative Economy in the 
EU Final Report 

Evans D.S. (2009). “How Catalysts Ignite: the Economics of Platform-Based Start-Ups”, Chapter in: 
Platforms,Markets and Innovation, pp. 99-128. 



 
89 

Georgescu-Roegen, N. (1975). Energy and economic myths. Southern economic journal, 347-381. 

Georgescu-Roegen, N. (1995). La décroissance. Entropie-Écologie-Économie. 

Goudin, P. (2016). The cost of non-Europe in the sharing economy: Economic, social and legal challenges and 
opportunities. Brussels: European Parliament. 

Hall, C. A., & Klitgaard, K. (2018). Energy and the wealth of nations: An introduction to biophysical economics. 
Springer. 

Hisour (2020) Hisour, 'Energy Conversion Efficiency', Retrieved on February 19th 2020 from 
https://www.hisour.com/fr/energy-conversion-efficiency-42662/ 

Jevons, W. S. (1879). The theory of political economy. Macmillan and Company. 

Keynes, John Maynard  (1936) The General Theory of Employment, Interest and Money, 

Kümmel, R. (2016). The impact of entropy production and emission mitigation on economic growth. Entropy, 
18(3), 75. 

Malardé, V., & Pénard, T. (2019). Airbnb, Blablacar, Le Bon Coin… À qui bénéficient les plateformes de 
consommation collaborative?. Economie prevision, (1), 1-28. 

MOATI P. (2009), « Cette crise est aussi une crise du modèle de consommation », Les Temps Modernes, pp. 145-
169, octobre. 

Nielsen (2014). Global share community report: Is sharing the new buying?. [online] Nielsen.com. Available at: 
http://www.nielsen.com/content/dam/nielsenglobal/apac/docs/reports/2014/Nielsen-Global-Share-Community-
Report.pdf 

Perret, B. (2019). Les enjeux de l’économie collaborative. Études, (1), 29-38. 

Piques, C., Rizos, X., and Bauwens, M., 2017. Peer to Peer and the Commons: A Path Towards Transition. A 
Matter, Energy and Thermodynamic Perspective. Amsterdam: P2P Foundation. 

PIPAME (2015) Études économiques du PIPAME, « enjeux et perspectives de la consommation collaborative », 
juillet 2015  

PWC (2016) Economie collaborative : prévision de 83 milliards d’euros de chiffre d’affaires en Europe d’ici 
2025, 

Ramos, J., Bauwens, M., and Kostakis, V. 2017. ‘P2P and Planetary Futures’. In D. Banerji and M. Paranjape, 
(Eds.), Critical Posthumanism and Planetary Futures. Zurich: Springer. 

Raworth, K. (2017). Doughnut economics: seven ways to think like a 21st-century economist. Chelsea Green 
Publishing. 

Robbins, L., (1969) [1935]. An Essay on the Nature and Significance of Economic Science, 2nd edition. 
Macmillan, London. 



 
90 

Rosa, E. A., Machlis, G. E., & Keating, K. M. (1988). Energy and society. Annual review of sociology, 14(1), 
149-172. 

Rifkin, J. (1980). Entropy: a new world view.[social and political implications of the Second Law of 
Thermodynamics]. 

Rifkin, J. (2000). L'âge de l'accès: la nouvelle culture du capitalisme. La Découverte. 

Rifkin, J. (2012). La troisième révolution industrielle: comment le pouvoir latéral va transformer l'énergie, 
l'économie et le monde. Editions Les liens qui libèrent. 

Rochet, J. C., & Tirole, J. (2003). Platform competition in two-sided markets. Journal of the european economic 
association, 1(4), 990-1029. 

Roussel, Frédérique (2015) Michel Bauwens: «Le "peer to peer" induit que la production émane de la société 
civile», Libération, Published on March 20th 2015, Retrieved on February 23rd 2020 from 
https://www.liberation.fr/futurs/2015/03/20/le-peer-to-peer-induit-que-la-production-emane-de-la-societe-
civile_1225002 

Rubene, I. (2018). The role of energy prices in recent inflation outcomes: a cross-country perspective. Economic 
Bulletin Boxes, 7. 

Ruth, M. (2011). Entropy, economics, and policy. Thermodynamics and the destruction of resources. Cambridge 
University Press, Cambridge, UK. http://dx. doi. org/10.1017/CBO9780511976049, 20, 402-422. 

Sautereau, N. and Benoit, M. (2016). Quantifier et chiffrer économiquement les externalités de l’agriculture 
biologique?. Rapport à la demande du Ministère de l'Agriculture, de l’Agroalimentaire et de la Forêt (MAAF). 
Rapport d'étude ITAB. 136p. 

Stern, N. (2006). Stern Review Report on the Economics of Climate Change (London: HM Treasury). October, 
30, 603. 

Solow, R. M. (1956). A contribution to the theory of economic growth. The quarterly journal of economics, 70(1), 
65-94. 

Solow, R. M. (1957). Technical change and the aggregate production function. The review of Economics and 
Statistics, 312-320. 

Part C:  

Blamont, J. (2018). Réseaux!: le pari de l'intelligence collective. CNRS éditions. 

Buck, J. A., & Endenburg, G. (2012). The creative forces of self-organization. Sociocratic Center, Rotterdam, 
The Netherlands, Tech. Rep. 

COOP (2020) International Co-operative Alliance, Cooperative identity, values & principles, Retrieved on 
April 17th 2020 from https://www.ica.coop/en/cooperatives/cooperative-identity 

Dunn, C., Gerard, G. J., & Grabski, S. V. (2016). Resources-events-agents design theory: A revolutionary 
approach to enterprise system design. Communications of the Association for Information Systems, 38(1), 29. 



 
91 

EEA (2016) Circular economy to have considerable benefits, but challenges remain, Europeand 
Environment Agency, Published on January 18th 2016 

Kostakis, V., & Bauwens, M. (2019) How to Create a Thriving Global Commons Economy. 

Haken, Herman (1978) Non-equilibrium Phase Transitions and Self-Organization in Physics, Chemistry, 
Biology, and Sociology, 2nd Edition, Springer Verlag, New York 

Hopkins, R. (2014). Ils changent le monde!. 1001 initiatives de transition écologique: 1001 initiatives de 
transition écologique. Le Seuil. 

Hruby, P. (2006). Model-driven design using business patterns. Springer Science & Business Media. 

Malone, T. W. (2018). Superminds: The surprising power of people and computers thinking together. Little, 
Brown Spark. 

Manier, B. (2016). Un million de révolutions tranquilles: comment les citoyens changent le monde. Editions les 
liens qui libèrent. 

Malone, T. W., Laubacher, R., & Dellarocas, C. (2010). The collective intelligence genome. MIT Sloan 
Management Review, 51(3), 21. 

McCarthy, William E. (1982) "The REA Accounting Model: A Generalized Framework for Accounting Systems 
in a Shared Data Environment," The Accounting Review pp. 554-78 

Morin, E. (2011). La Voie: Pour l'avenir de l'humanité. Fayard. 

Morin, E. (2013). La méthode: la vie de la vie. Le seuil. 

Morin, E. (2015). Introduction à la pensée complexe. Le Seuil. 

Move Movie, MM (Producer) & Levy, B (Director) (2013) Tomorrow, Marseille, France 

P2PF (2020) CapyFair License, P2P Fundation Wiki, Retrieved on May 12th 2020 from  
https://wiki.p2pfoundation.net/CopyFair_License 

Pazaitis, A. (2020). Breaking the Chains of Open Innovation: Post-Blockchain and the Case of Sensorica. 
Information, 11(2), 104. 

Raworth, K. (2017). Doughnut economics: seven ways to think like a 21st-century economist. Chelsea Green 
Publishing. 

Sensorica (2020) Contribution Accounting, Retrieved on March 25th 2020 from 
https://sites.google.com/site/sensoricahome/home/working-space/value-reputation-roles/contribution-
accounting?overridemobile=true 

Servigne, P., & Chapelle, G. (2017). L'entraide: l'autre loi de la jungle. Éditions Les Liens qui libèrent. 

Value Network (2019) Contribution Accounting System, Published on January 15th 2019, Retrieved on March 
25th 2020 from http://valuenetwork.referata.com/wiki/Contribution_Accounting_System 



 
92 

Wijkman, A., & Skånberg, K. (2017). The circular economy and benefits for society: jobs and climate clear 
winners in an economy based on renewable energy and resource efficiency. 



Appendix 1: Primary Energy Demand (IEA, 2019) 

 

 

 

 



 
94 

Appendix 2: The collaborative Economy  

 

 

Generative models that are described in this thesis may be affiliated as ‘Global commons’ or 
‘Local Resilience’ initiatives, according to the matrix developed by M.Bauwens.  

In fact, this matrix “attempt to provide a birds-eye-view of the initiatives that utilize P2P social 
dynamics and technologies by introducing four quadrants. Each quadrant stands for a specific 
scenario in which a dominant force determines the de- sign of the particular networks to 
facilitate specific outcomes. The forces at play want to protect their interests through the 
control of technological platforms, which encourage specific behaviours but discourage 
others.  
(…) The vertical axis presents a polarity where the top (up) indicates the central- ized control 
of the digital production infrastructure and the bottom (down) for the distributed control of it. 
The horizontal axis relates on one side (left) to an orientation towards profit maximization 
versus on the other side (right) an orientation towards the commons. In addition, at the top are 
the infrastruc- tures with global orientations, and at the bottom initiatives with more local or 
‘distributed’ orientations. So, the left side can be called ‘extractive‘ because it impoverishes 
the natural and community resources it uses. The right side is the ‘for-benefit’ side that aims 
to create common good value either at the local level or the global level. This latter side we 
also call ‘generative‘8 as it seeks to add value to communities and commons, both social and 
environmental” (Bauwens, Kostakis, & Pazaitis, 2019 — pp.35-36)



Appendix 3: LaFed, The Ecosystem 



Appendix 4: LaFed: Illustrative Cases 
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