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Abstract 
 

The energy system is today facing a major double issue: the shrinking of easily accessible and cheap 

fossil resources on the upstream side, and climate change on the downstream side. Energy policies 

must integrate this double physical constraint, as well as other physical limits, and have a long time 

and a global horizon, in order to anticipate and avoid a future energy and climate crisis that could be 

dramatic to society. However, politics tend to focus on other aspects (satisfying immediate social 

desires for instance).This report hence discusses options available to allow for a better consideration 

of physical constraints in energy policies design. As they strongly rely on energy scenarios, it appears 

that energy policy makers need a more transparent and didactic frame for scenario design and 

analysis. That is why The Shift Project has been developing an original, transparent and pedagogical 

energy scenario modeling tool, Rogeaulito, which is intended to highlight physical constraints. By 

developing narratives (quantified stories) and organizing and animating workshops with policy 

makers, using Rogeaulito, it is possible to convey messages and knowledge about the energy system 

and issues, and improve the policy making process. Nevertheless, policy makers remain subject to 

socio-political influences and to self-interest concerns, which can prevent them from making socially 

optimal choices on the long term. Therefore, the civil society as a whole must be included in a 

continuous and coherent debate to improve the common understanding of energy issues, of the 

(physical, cultural and psychological) obstacles to solving them and of concrete consequences of the 

possible choices. It will then be possible to give a democratic, legitimate and collaborative 

orientation to long term energy policies. At the end, it appears that a comprehensive and 

multidisciplinary approach, involving physics, environmental science, economics, technology, 

sociology, political science and psychology is required to finally produce energy policies appropriate 

in order to face the issues mentioned above. 

 

 

 

 

Keywords: Energy system, physical constraints, energy policies, energy scenario modeling, civil 

debate. 
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Summary 
 

Fossil fuels truly participated in modeling our modern societies and are still the real driver of our 

economy. The energy system is complex, and encompasses primary energy production (oil, wood, 

etc.) from given natural resources, final energy demand (electricity, fuel, etc.) from consumers, as 

well as all transformation, transport and distribution processes existing between these two (power 

plants, refineries, etc.). This system is currently facing a double constraint : upstream, the shrinking 

of cheap and easy to extract fossil fuels (especially for oil), and downstream, the global warming, as 

the energy system is responsible for an important share of greenhouse gases emissions. In order to 

avoid an energy/climate crisis that could have dire consequences on society, public action must take 

into account both constraints mentioned above, and more generally each physical limit influencing 

the evolution of the energy system (technical potential of renewable energies, investment required 

for the different infrastructures, etc.). This requires a long-term and global approach. Nevertheless, 

stakeholders involved in the design of energy policies tend to focus on other aspects : satisfying 

consumers’ immediate needs, securing short-term energy supply, etc. There is therefore a risk that 

these policies are not adapted to deal with the double issue mentioned above, and thus inefficient in 

preventing potential future crisis.  

In this context, this report explores possible options for a better consideration of physical constraints 

in energy public policy design. A first step to a solution lies in the elaboration of a more transparent 

and scientific frame for the elaboration of energy scenarios, as they are frequently used by decision 

makers to study the consequences of possible choices in a prospective approach. Hence, a scientific 

tool for modeling energy scenarios, if it is simple, transparent and didactic enough, can lead to a 

better understanding and integration of constraints faced by the energy system. To do so, this tool 

will need to be connected to energy policies stakeholders, through the elaboration of narratives, 

which are scenarios with a set of hypothesis corresponding to a “story that we want to tell”. Finally, 

the problem is far from being merely technical and socio-political obstacles that make it difficult to 

consider global, long term issues must be identified and studied in order to be overcome.  

Developing an energy scenario modeling tool 
 

The Shift Project has been developing Rogeaulito, an energy scenario modeling tool with an original 

approach, as unlike many existing tools, the scenarios are not supply or demand-driven. Instead, the 

evolution of a final demand driven by social desires (car ownership rates, housing area, steel 

production per capita, etc.) on one hand, and of a primary energy supply constrained by physical 

limits on the other hand, are independently modeled. Confronting them allows highlighting a Missing 

Energy Supply (MES), which is an amount of desired energy that is not satisfied with the possible 

supply. The tool then allows quantitatively exploring all the levers (demand reduction, increase of 

production, improvement of efficiencies) available to reduce the MES until demand and supply are 

matching. The modeling consists of a long series of cursors representing the different components of 

the energy system, and their evolution can be set by the user (population, number of nuclear power 
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plants, energy consumption per m² in buildings, etc.). From these hypotheses, the calculation of 

energy fluxes is simple and immediate. 

The model and the hypotheses of the tool are therefore completely transparent, allowing for critical 

and dynamic hypotheses about the latter, and for an immediate sensitivity analysis on the outputs of 

the tool. We can therefore get rid of “black box” models of existing scenarios, which can sometime 

hide questionable hypotheses and are a result of choices that often serve a given purpose. 

Furthermore, Rogeaulito’s simplicity gives it a strong pedagogical added value in terms of knowledge 

about the energy system and understanding of scenarios. Hence it appears that this tool is able to 

contribute to a better consideration of physical constraints in energy policies design.  

Linking this work with decision makers 
 

Before Rogeaulito, or any other appropriated tool, have a real effect on energy policies, it has to be 

linked with the work of political decision-makers through a targeted and efficient communication. In 

the case of France, the compared analysis of different energy scenarios carried out by public 

authorities in the” Energie 2050” report, allows extracting the main topics that are important to 

political decision makers. For instance, it appears that the utmost necessity of improving energy 

efficiency, the role of nuclear power in the energy mix or the energy independence of the country 

are subjects that interest decision makers.  

It is then possible to use a modeling tool to develop narratives around these subjects, which means 

stories with a well defined topic, which translated into quantitative scenarios in order to improve a 

specific knowledge with the outputs of the modeling.  These narratives are developed and studied in 

a prospective and exploratory approach, and allow highlighting strong and quantified messages 

about the possible choices for the energy system and their consequences. To do so, a reflexion is 

needed about a frame that would make it possible to develop coherent narratives with a strong 

impact in terms of communication. For instance, choosing the energy constraint and the strength of 

the political governance as two criteria for classifying scenarios gives a very interesting approach. As 

an example, a narrative about the electric car was developed to explore the consequences of this 

technology’s penetration of the MES, on CO2 emissions, etc.  

Moreover, the organization and animation of workshops turned out to be an efficient way of 

confronting directly decision makers with an energy scenario modeling tool, which becomes possible 

with Rogeaulito thanks to its accessibility and simplicity. The experience gained with the different 

workshops carried out by TSP with participant from the academic world or from important 

companies is used in a continuous improvement approach. This should finally enable organizing 

efficient and fruitful meetings with political decision makers, in order to strengthen their 

understanding of energy system and scenarios, as well as issues and constraints that are related.  
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Involving the civil society in a debate about the appropriate energy policies 
 

Nonetheless it seems that, even with complete information about physical and economical aspects of 

energy issues, decision makers can be led to take political orientation that are not always optimal 

from the long term general interest point of view, which shows the extreme importance of the 

“human factor” in these issues.  First, they are subjects to social and political pressures, lobbying, etc. 

Indeed, the characteristic times of the energy system, its issues and crisis, are counted in decades, 

and are much longer than these of political cycles. Moreover, uncertainties about a possible energy 

crisis, which are inherent to scientific analysis but are also sometimes fed by private interests, are 

often an incentive and an excuse to inaction. These two points can explain the historical failure to 

organize a coordinated and determined action against global warming, whereas there is a scientific 

consensus about its existence and its terrible consequences on a global scale. 

To overcome this, civil society must put a pressure on public authorities so that bold but necessary 

decisions are made. Nevertheless, cultural and psychological obstacles make it difficult to grasp 

energy issues, as they are global and on the long term. As in a psychoanalysis, these obstacles must 

be identified and revealed so that society can overcome them. In particular, it appeared that there is 

an unconscious obsession for concentrated energies, which prevents from considering them in a 

purely Cartesian and neutral way. For instance, oil is at the same time a symbol of infinite freedom 

and of slavery, and nuclear power represents the mastering of nature from Man as well as the threat 

of the end of humanity. In addition, mental and psychological processes (time preference, optimistic 

bias, etc.) make us naturally skeptical to announced catastrophes, mostly if they are presented as 

inevitable. Thus there is a need for a balanced speech between warning about long term issues and 

building concrete solutions in present. Finally, the tendency for individualism, or at least the 

insensitivity for remote events, makes it more difficult to accept global and diffuse problems, as can 

be energy related issues. 

Eventually, the civil society must take part in a continuous and coherent debate about energy with 

the other stakeholders and the public authorities, to strengthen the knowledge about physical and 

socio-psychological obstacle to the system’s evolution, about the existing issues and about the 

consequences of the available choices. The terms of this debate must be carefully defined, and the 

risks and opportunities associated with it must be adequately managed. It is in any case the only way 

to give an appropriate, legitimate and democratic orientation to energy policies that involve society 

as a whole. It is also the only way to reach a shift in social behaviors, which is necessary for a more 

sustainable energy system. 

 

As a conclusion, a honest and efficient consideration of physical limits in energy policies design 

requires a holistic and multi-disciplinary approach, involving physical, economical and environmental 

sciences as well as political, social and psychological sciences. Indeed, the energy issue is so complex, 

and so linked to the functioning of society itself, that trying to reject a systemic approach to focus on 

a specific part of the issue would be inefficient for providing long term solutions.  
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1. Introduction 
 

1.1. Background 
 

The global energy system consists of all the processes dealing with energy transformation in our 

society: primary energy resources extraction (oil, uranium, etc.), conversion into useful final energy 

(gasoline, electricity, etc.), and end-use by the consumers (industries, households, etc.). There is a 

rather good awareness today about the double issue faced by this energy system: the shrinking of 

easily accessible fossil fuels (upstream constraint), in particular for oil, which provides an important 

part of today’s global primary energy supply, and climate change (downstream constraint), as the 

energy sector is responsible for a large part of global GHG emissions.  

 

The next step is that all stakeholders (the civil society, the private companies, the academic and the 

political world) take effectively this double constraint into account in their actions in order to shift to 

a sustainable society and economy. This will only be possible if they are fully aware of the 

importance of energy in the development and the functioning of our society and of dangers of 

climate change. 

 

The future energy supplies and the way energy services are delivered will therefore depend on the 

availability of technology allowing for renewable energy development or non-conventional fossil 

fuels exploitation, on political decisions (limiting the maximum atmospheric GHG concentration 

levels for instance) and on social acceptance (nuclear power, energy savings and efficiency shifts). 

 

Many models and scenarios have been developed to make forecasts about the future energy supply 

(Shell, IEA, etc.). Indeed, they are very useful for planning long term investments, but also for setting 

political targets and objectives for the energy system development. Nevertheless, each scenario has 

its own physical and economic assumptions, which are not always very transparent, and can have a 

specific objective (defending economic interests, communication, lobbying, alerting politicians, etc.). 

This makes comparison and discussion about energy scenarios difficult, and can lead to failing taking 

into account important physical aspects. These physical aspects are for instance the remaining stocks 

of fossil fuels available for extraction in the ground, the concentration of GHG, but also the limited 

capital available for investing3 in infrastructures, energy resources extraction and conversion, etc. 

Another difficulty is that, for many reasons, socio-political aspects make it difficult to tackle long 

term and global issues. These two difficulties can lead decision makers to design energy policies that 

are not efficient enough for facing the double issue mentioned above. 

 

                                                           
3
 Therefore we include economic limits in the term “physical limits”. 
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1.2. TSP 
 

The Shift Project is a “Think Tank” that is dedicated to catalyzing the transition to a post-carbon 

economy and society. To do so, TSP collaborates with experts and carries out different projects and 

actions, which ultimate goals are to provide pragmatic tools and conclusions to different actors 

(citizens, companies, governments, Europe). 

The project about energy scenarios, led by Leo Benichou, has three main features: 

• Development of an online data portal providing visual representations of long-term data 

about energy production, usage, and emissions. The portal is available at http://www.tsp-

data-portal.org/ 

• Creation of a scientific community and frame for energy scenario building, in order to make 

energy scenarios obey the rules of scientific debate and transparency. 

• Development of tool called Rogeaulito4, in order to simulate independently energy supply 

and demand, and to compare the outcomes to draw interesting conclusions.  

 

TSP’s president, Mr. J.M. Jancovici, is a recognized expert on energy and climate issues. 

 

More information about TSP and their projects is available on their website: 

http://theshiftproject.org/en 

 

The work carried out at TSP during this mission was mainly about continuing Rogeaulito’s 

development, aggregating knowledge about the energy system, animating Rogeaulito workshops and 

developing narratives with the tool. This report is the result of the experience gained from the work 

at TSP as well as more personal research. 

 

1.3. Why is energy essential to our society? 
 

Energy is indeed one important field of public action. In France, which is mainly the country in 

question in this report, the Ministère de l’Ecologie and Ministère de l’Industrie5 are the main entities 

responsible for the design of energy policies at the centralized level. The main official objectives of 

the DGEC (Direction Générale de l’Energie et du Climat), a joint emanation of these two ministers is 

to ensure the security and the competitively of energy supply for the country, while reducing the 

impact of the energy system on the climate (Ministère de l’Écologie, de l’Énergie, du Développement 

durable et de la Mer) . 

Indeed, other fields of governmental action (health, education, etc.) can be considered as (or even 

more) important than the energy issues. Nevertheless, The Shift Project’s position is that having 

                                                           
4
 The tool was named after Bernard Rogeaux, former researcher at EDF, who spread the concept of energy Yet-

to-Find.  
5
 At the moment this report is finalized, it is now named Ministère du Redressement Productif. 
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elaboration are most important. They require a strong scientific expertise but also transparency 

regarding the hypothesis, the way models work and the uncertainties they come with

especially true for energy policies. Nowadays, scenarios that are used by decision makers (IEA, 

17 

 
: Variation of global oil production (BP statistical review 2010) and GDP/cap (World Bank 2010), 3 years averages 

Marc Jancovici, a strong correlation between oil consumption and GDP is 

visible. Of course, a correlation doesn’t imply a causal relation, but it gives a strong feeling that GDP 

and energy are linked. Other correlations and calculations are presented by the author on his 

A consequence of this is that is not possible to have a growing economy (in the way we measure it 

Decision makers (politics and company executives) have an important responsibility in facing the 

ange). A rational and 

objective approach, taking into account physical constraints is one of the key requirements to design 

the appropriate policies. Nevertheless, decision makers are often focusing on other aspects more 

he cheapest energy available at the moment, ensuring security of 

supply by making agreements with other countries, satisfying immediate social aspiration 

abandoning the carbon tax project or artificially maintain low electricity prices for consumers for 

Furthermore, when it comes to making political decisions, prospective analysis and scenarios 

elaboration are most important. They require a strong scientific expertise but also transparency 

they come with. This is 

especially true for energy policies. Nowadays, scenarios that are used by decision makers (IEA, 
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Negawatt in France, etc.) are not always completely clear about their purpose, model and 

assumptions, and their outcomes are uneasy to compare. They are also generally either supply or 

demand-driven, which completely conceals the mechanisms leading to the meeting of energy supply 

and demand, sometimes failing to take into account some physical constraints. And in the real life, 

physical drivers always end up dominating the other ones in the energy system dynamics (economics 

or policy for instance). 

These physical constraints, as the remaining stocks of fossil fuels available for extraction in the 

ground, the atmospheric concentration of GHG, and the capital investment available to change the 

energy system, have rather to be considered very carefully, objectively and courageously in order to 

tackle the global, long-term issues that are at stake. Hence the main question: How to reach a better 

consideration of physical constraints in energy policies design? 

As is has been said above, there is a need for a more framed and scientific debate about energy 

scenarios so that governments and companies make the most appropriate decisions, and a scientific 

tool if it is clear, transparent and pedagogic enough can really help improving the consideration of 

physical constraints in the decision making process. 

The first step to this is probably that decision makers get a minimal training about the basic energy 

concepts. In order to have an impact on the way they make decisions, the way they use energy 

scenarios must be studied, and narratives, that is to say quantitative scenarios with a set of 

hypothesis consistent with a story one wants to tell, must be developed in relation to topics that 

matter for them. It allows using a tool as Rogeaulito, which is very flexible in its modeling and 

hypothesis setting options, to produce concrete messages and ideas.  

Furthermore, the energy system evolution is also difficult because social and political aspects, which 

cannot be modeled rigorously, but which nevertheless need to be considered. The reason for that is 

that they can be important obstacles to considering long-term and global issues, as are the one at 

stake here. Identifying and studying these constraints is a key condition to finding solutions to 

overcome them. It is therefore most important to also put the energy related issues in perspective 

in a political, social and human context. 

Therefore, theses three aspects will be developed in this report to try to bring answers to the main 

question stated above. First, we will introduce an energy scenario modeling tool developed by TSP, 

Rogeaulito, and study how it can help bringing more transparent discussions about scenarios. Then, 

we will focus on how the decision making process can be impacted if meaningful and appropriate 

narratives are developed, with the help of Rogeaulito. Finally, we will try to identify what political 

and social obstacles are faced when considering the long term and global energy issues, and to bring 

some insight about how to overcome them.  
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2. Developing a transparent and didactic energy scenario 

modelling tool 
 

 

As it was said in the introduction, there is a need for a more transparent frame for energy scenarios 

design and analysis in order to improve decision makers’ awareness of the physical limits of the 

energy system. Therefore, TSP has been developing Rogeaulito, an energy scenario modelling tool 

which is intended to be simple, transparent and didactic, and focuses on physical aspects and limits. 

This section presents quickly the tool, and why it can be helpful in designing efficient policies to 

solving the energy related issues.  

2.1. Presentation of Rogeaulito 
 

2.1.1. General idea and philosophy
6
 

 

In terms of energy, the majority of forecast scenarios begin by modeling demand (often on the basis 
of socio-economic considerations or aspirations, resulting in uninterrupted growth), and matching it 
with the necessary level of supply, plus price adjustments where necessary. The reasoning adopted, 
whether implicitly or explicitly, is that when prices rise, it is possible to access more resources and 
therefore to serve more consumers. 

It is only recently that we have begun to see the development of different approaches based on the 
view that energy supply will be increasingly constrained by physical limits (on resources, 
technological performance, etc.), thereby imposing an upper limit on supply, to which demand will 
have to adapt. 

In order to reconcile these two apparently contradictory viewpoints of either demand or supply-
driven scenarios, TSP has been developing a modeling tool, Rogeaulito, which allows to 
independently simulate supply and demand on the basis of distinct methods, and compare the 
outcomes to draw conclusions that neither of the two approaches described above can provide 
individually. 

In practical terms, this model:  

• Describes a possible primary energy supply scenario subject to constraints (in terms of 
extractable stocks of fossil fuels and uranium, areas available for cultivation of biomass, 
capital investment in terms of ‘unlimited’ resources, such as wind and sun, etc.) 

• Describes a final demand from the ‘consumer-driven’ point of view (demand generated in 
terms of number of units of vehicles, residential/office buildings, factories, etc.,  and average 
consumption per unit, all trended over time) 

• From this social demand, derives a wished primary energy demand taking into account 
transformation losses 

                                                           
6
 Adapted from TSP website : http://theshiftproject.org/en/this-page/rogeaulito 
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• Compares this desired primary energy demand with the available supply given the 
constraints described above 

 

This working method highlights any ‘Missing Energy Supply’ (MES) in which the trend in energy 
supply falls short of meeting projected demand. This then forms the basis for calculating iterations to 
provide a quantitative evaluation of the initiatives required to ensure that demand does not exceed 
constrained supply (limiting the demand, increasing the supply level, improving energy efficiency, 
changing the mixes of final energies, etc.), which is the precondition for further crisis-free 
development of the society in which we all live. It then becomes possible to describe and quantify 
objectives for the long-term policies so that enable demand to be limited to within the maximum 
possible supply.  

 

2.1.2. The modeling principle 

 

As it is now, Rogeaulito is intended for modeling energy scenarios at a global (world) level and with a 

time span ranging from today to 2100. The description of all parameter is yearly based. As the IEA 

database (IEA, 2011), which has been widely used to provide historical data, goes until 2009, 

historical data usually range from 1990 to 2009 in Rogeaulito. Years 2010 to 2100 are thus modeled 

by the user.    

Going more into the details of the modeling tool, Rogeaulito is made of four independent modules: 

• The demand module: it allows modeling the evolution of the demand in final energy from 

the different demand sectors (transports, buildings, etc.). The demand is described in terms 

of evolutions of social desires (car ownership, residential area available, steel consumption, 

etc.) and of energy efficiencies (cars fuel consumption, energy needed per m² in buildings, 

energy needed to produce one ton of steel, etc.). 

• The supply module: it allows modeling the evolution of the supply in primary energy, taking 

into account physical constraints for the different kind of primary energies. Fossil fuels 

description is based on the maximum extractible stock, so that the area under their 

production curves can be set by the user. For renewable and nuclear energy supply, the 

evolutions of installed capacity and load factors are set by the user, and the parameters 

which are subject to physical limits are calculated (area needed for growing biomass or 

installing wind turbines, uranium consumption, etc.). 

• The conversion module: it represents the energy sector, that is to say our means of 

converting primary energy (resources available in nature) to final energy used by society. The 

user can mainly set the evolution of the conversion efficiencies in transformation units (in 

power plants, refineries, etc.) and of the origin of each final energy (electricity mix, etc.). 

• The core: in the core, the user imports one scenario for each module (demand, supply and 

conversion). The outputs from the conversion module are used to convert the demand in 

final energy from the demand module into an induced demand in primary energy. Then, this 

induced demand can be compared with the supply, and the user can study an eventual 

missing energy supply (Figure 4). 



 

Figure 3 illustrates this working principl

 

 

 

 

Figure 

 

As it has been said before, primary or final energies are considered in the different modules. They are 

respectively aggregated in two energy

 

                                                           
7
 Renew. Only Elec. Includes renewable energies that directly generate electricity (wind, PV, hydro, etc.). 

Renew. Others mainly corresponds to the different forms of biomass. 

this working principle. 

Figure 3 : Rogeaulito's modeling principle 

Figure 4 : An example of MES visualization (in grey) 

As it has been said before, primary or final energies are considered in the different modules. They are 

respectively aggregated in two energy bases to allow for a simpler and clearer analysis

                   
Includes renewable energies that directly generate electricity (wind, PV, hydro, etc.). 

Renew. Others mainly corresponds to the different forms of biomass.  
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As it has been said before, primary or final energies are considered in the different modules. They are 

bases to allow for a simpler and clearer analysis7 (Figure 5). 

Includes renewable energies that directly generate electricity (wind, PV, hydro, etc.). 
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Figure 

Finally, the objective of Rogeaulito is to model global demand or supply scenarios by setting different 

physical cursors’ evolution. A physical cursor represents an element, a 

can be the area of residential stock per capita, the global population or th

per km per vehicle on the demand side for instance. On the supply side, it can be the insta

capacity, the wind turbines average load factor or the global area used for energy crops. Historical 

data has been found for these cursors and the user can then set their 

evolution type among many possibilities (linear, exponential, gauss curves, sigmoid, etc.) and 

entering parameters for these curves (

 

 

Figure 

 

 

As it was said, this version it world scaled, but a France version in currently being developed to study 

more precisely the national energy system.

Appendix A explains more in details Rogeaulito’s different modules and Appendix B 

sight of the development work carried out on Rogeaulito during this thesis.

 

Figure 5 : Rogeaulito's aggregated energy bases 

 

Rogeaulito is to model global demand or supply scenarios by setting different 

physical cursors’ evolution. A physical cursor represents an element, a part of the energy system

can be the area of residential stock per capita, the global population or the average fuel consumption 

per km per vehicle on the demand side for instance. On the supply side, it can be the insta

average load factor or the global area used for energy crops. Historical 

cursors and the user can then set their future evolution by choosing an 

evolution type among many possibilities (linear, exponential, gauss curves, sigmoid, etc.) and 

ing parameters for these curves (Figure 6). 

Figure 6 : Example of a physical cursor in Rogeaulito 

As it was said, this version it world scaled, but a France version in currently being developed to study 

the national energy system.  

explains more in details Rogeaulito’s different modules and Appendix B 

sight of the development work carried out on Rogeaulito during this thesis. 
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Rogeaulito is to model global demand or supply scenarios by setting different 

part of the energy system. It 

e average fuel consumption 

per km per vehicle on the demand side for instance. On the supply side, it can be the installed PV 

average load factor or the global area used for energy crops. Historical 

evolution by choosing an 

evolution type among many possibilities (linear, exponential, gauss curves, sigmoid, etc.) and 

 

As it was said, this version it world scaled, but a France version in currently being developed to study 

explains more in details Rogeaulito’s different modules and Appendix B gives a further 
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2.2. Gathering knowledge about the energy system 
 

2.2.1. What does “data about the energy system” means? 

 

Without knowledge and statistical data referring to the different parts of the energy system, 

Rogeaulito is nothing but an empty shell. Knowledge referred to is actually related to three aspects: 

• Historical data for the different cursors, in order to know their order of magnitude and their 

trends in the past. 

• Key parameters likely to influence the evolution of the indicators at stake, to understand 

how they are likely to evolve in the next 10, 20 or 50 years, and be able set relevant 

evolutions of these cursors. 

• “Invisible connections” existing between the different parameters describing the energy 

system, which implies that they should not have completely independent evolutions for 

consistency reasons. For instance, the steel consumption per capita is somehow related to 

the wind power installed capacity, as wind turbines are built with steel. 

It is unrealistic to think that a single person or institution can have a complete knowledge of the 

whole energy system, but many reports, experts or specialized institutions exist and are able to 

provide a very good insight on a peculiar part of the system.  

An important part of the mission at TSP was dedicated to research, process and collect data about 

the different parts of the energy system. This was done mainly by reviewing scientific literature and 

by communicating with sectorial experts. 

To aggregate and access important information, it was chosen to use a zooming presentation tool, 

Prezi8. A frame on Prezi was designed to represent the different parts and levels of the energy system 

as modelled with Rogeaulito. The zooming feature is quite suitable to show the levels’ imbrication. 

References, important figures and graphs were added in the appropriate place in the Prezi as data 

were researched during the mission.  

 

 

 

 

 

 

 

                                                           
8
 See http://prezi.com 
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Figure 7 : Screen captures of Rogeaulito's Prezi, zooming on the supply side 
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2.2.2.  The Rogeaulito Workshops 

 

Workshops have been organized with scientists or experts in order to communicate and to benefit 

from their knowledge to gather information about some specific parts of the energy system.  These 

workshops gathered a few number of participants (in general no more than five) and the Rogeaulito 

Team, and lasted between two and three hours. Organizing, preparing, animating and reporting 

these workshops was one aspect of the mission at TSP.  

The workshops were generally focused on a defined sector (fossil fuels, transports, buildings, etc.). 

They are intended to be organised as follows: 

• An introduction of Rogeaulito 

• A discussion with the participants about the hypothesis, which can be directly tested in 

Rogeaulito. Feedback from the audience may also help redesigning the modelled description 

of an aspect of the energy system if it turns out to be necessary.  

• After the workshop, a debriefing with the team and a reporting of the outcomes. 

Section 3.3 will deal more extensively with workshops and their outcomes. 

 

2.2.3. Using existing Scenarios  

 

In order to have scenarios that could be used as starting point for the discussions and the workshops, 

existing scenarios were adapted and implemented in Rogeaulito. This work lead to realize once again 

how hard it is to find all hypothesis underlying an energy scenario in today’s literature, and some 

assumptions had to be made when it was necessary. 

Following are some examples from the International Energy Agency: 

• A demand and supply scenario from the Blue Map Scenario, from the Energy Technology 

Perspectives (IEA, 2010). It is a strong energy use and GHG emission reduction scenario. 

• A demand scenario from the Baseline Scenario, from the Energy Technology Perspectives 

(IEA, 2010). It is a business as usual scenario. 

• A supply scenario from the New Policy Scenario, from the World Energy Outlook (IEA, 2011). 

It is a scenario where all energy policies that are now “in the pipes” are implemented. 

In order to adapt these scenarios in Rogeaulito, IEA’s publications were carefully studied to extract 

the assumed evolution of the different parameters and use them as inputs. On the demand side, for 

example, these parameters are the average car ownership, the energy consumption for residential 

buildings, the amount of steel produced, etc. On the supply side, it is mostly about the installed 

capacity for the different types of energy plants and the amount of fossil fuels used. IEA scenarios 

projection period runs respectively to 2050 and 2035, but the evolution of the cursors was 

extrapolated to 2100 in Rogeaulito. 



 

As expected, we find on the following figures the 

demand and more renewables for the Blue Map, a much higher demand for the Baseline, an 

important fossil fuels supply in the New Policies, etc.

 

Figure 8

Figure 9

 

e find on the following figures the characteristics of the different scenarios:

demand and more renewables for the Blue Map, a much higher demand for the Baseline, an 

important fossil fuels supply in the New Policies, etc. 

8 : Blue Map Scenario demand adapted in Rogeaulito 

 

 

9 : Baseline Scenario demand adapted to Rogeaulito 
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scenarios: less 

demand and more renewables for the Blue Map, a much higher demand for the Baseline, an 

 

 



 

Figure 10

 

Figure 11 

 

10 : Blue Map Scenario supply adapted to Rogeaulito 

 : New Policies Scenario supply adapted to Rogeaulito 
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2.3. Interest of Rogeaulito for the problem 
 

Decision makers often rely on energy scenarios as they need a prospective insight on how the energy 

system is likely to evolve. But a tremendous amount of energy scenarios are published and they 

consider different times scales, areas, sectors and have different motivations and messages, making 

it difficult to compare them (cf. Figure 12). The main problem is they often lack transparency about 

the assumptions they make and the model they use to calculate the different outputs based on these 

assumptions. Also, model used in these scenarios are often extremely complicated as they may 

include economic representations of the energy system (price/demand elasticity, macroeconomic 

equilibrium computations, etc.), representations of agents’ behaviours, modelling of competition 

between technologies, etc. Therefore, they appear as big black boxes and the relation between the 

hypothesis used as inputs and the outputs is unclear. It is therefore difficult to have a critical 

approach about the results of these scenarios, which is an issue if ones to be sure that they are 

consistent with physical constraints.  And if they don’t, relying on them may lead to inappropriate 

energy policies. 

 

  

Figure 12 : Illustration of the increasing number of energy scenarios publications 

 

On the contrary, Rogeaulito’s philosophy is to take all the complexity out from the model to put it in 

the setting of the different cursors that the user can set to describe energy demand, supply and 

conversion. From these inputs, the outputs are calculated using almost only additions and 

multiplications. Hence there is a total transparency about both the hypothesis and the model. It 
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enables having dynamic and critical discussions around scenarios designed with this tool, moving the 

cursors and studying immediately the impact on the results. 

By modeling independently supply and demand, a missing energy supply is highlighted. By iteratively 

changing the cursors in the three modules, it is then possible to identify and study quantitatively 

what mechanisms will make energy demand and supply match: What efforts are required on the 

demand side? What efficiencies are possibly improvable? What additional primary energy supply can 

we consider, and what does it imply regarding the identified physical limits?  

This approach allows identifying where are the most important levers to avoid a future energy crisis, 

and thus to set targets and priorities guiding the elaboration of energy policies.  

Furthermore, the focus is made on physical aspects for describing the demand (number of cars, 

quantity of steel, area of buildings, …) as well as the supply (fossils stocks, land use, etc.), ensuring 

that scenarios made with Rogeaulito can be confronted to physical limits. 

Finally, Rogeaulito has a great pedagogical value as it immediately shows the different parts of the 

energy system, their relative importance in terms of energy flows and the MES that the different 

demand sectors may face in the future. Its simplicity makes it accessible so that decision makers can 

quickly understand its principle and start “playing” with it. 

 

For all these reasons, this tool has a great potential in making the energy scenarios design and 

analysis more transparent and in improving the consideration of physical constraints, which is an 

important step to a better energy policies elaboration process. 
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3. Making the connection with energy policies makers 
 

 

As it is said above, we believe that an energy scenario modelling tool like Rogeaulito, which is meant 

to be transparent and pedagogical, can be helpful in the decision making process as it focuses on 

physical aspects and constraints. Nevertheless, having developed a good tool is far from being 

enough, and the next step is to actually connect this work with decision makers so that they receive 

the messages about the problems and bottlenecks that may occur in the evolution of the energy 

supply and demand, and also improve their knowledge base as they look for solutions and strategic 

directions. Indeed, any method to reach this objective should be efficient and to the point, as 

stakeholders taking part in the energy policies design have usually tight schedules and many 

considerations in mind. 

To do so, it is first important to understand where they are starting from. In other terms, how are 

they currently using energy scenarios? Secondly, we believe that the development of narratives can 

be an efficient way to impact the decision making process as they can focus on the aspects that 

matters the most to decision makers as well as conveying the messages that we believe are 

important to take into account. Finally, organizing workshops with different stakeholders is very 

interesting as they are directly confronted to the tool and can therefore improve their knowledge 

about energy scenarios. Although it is mostly question of Rogeaulito in this section, the conclusions 

apply to any similar tool. 

 

3.1. How are energy scenarios used by policy makers in France?  
 

Energy policies makers are indeed using many scenarios to guide their strategic direction and 

evaluate the impact of a given policy. In France, the recent elections (presidential and legislative) and 

the place given to the energy transition in the political agenda led to the development of many 

scenarios intended to be used by decision makers or to influence them9. We propose to briefly 

examine four of these scenarios, plus one recent review one these from the French administration, 

to see the differences in their design and recommendations and draw conclusions about the most 

important aspects to decision makers in France. 

 

3.1.1.  Comparative analysis of four energy scenarios 

 

The scenarios that were studied are presented in Table 1: four energy scenarios for France 

In order to carry out a short comparative analysis, two interesting works have been inspiring: 

                                                           
9
 http://energie.lexpansion.com/prospective/presidentielle-oblige-les-scenarios-energetiques-fleurissent_a-34-

6496.html 
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• TSP’s project about a benchmark for analyzing and comparing scenarios (Scenario analysis 

project) 

• Scientific literature about  scenarios, and mostly Börjeson’s work (Börjeson, 2006) 

 

 

Scenario Name Authors Link to bibliography 

Scénarios prospectifs Energie – 

Climat – Air 

à horizon 2030 

DGEC 
(Direction Générale de l'Energie 

et du Climat, 2011) 

Scénario Négawatt 2011 Association Négawatt (Association négawatt, 2011) 

Négatep 2010 Sauvons le Climat (Claude Acket, 2010) 

Bilan Prévisionnel 

de l’équilibre offre-demande 

d’électricité en France 

RTE10 
(Réseau de transport 

d'électricité, 2011) 

Table 1: four energy scenarios for France 

 

TSP’s project aimed at highlighting the differences in the approaches of different energy scenarios. In 

particular, a distinction is made between top-down and bottom-up modeling approaches: 

• The top-down approaches put macro-economic description first, take global policies as a 

starting point, study the impacts on different sectors as a result. 

• The bottom-up approaches start from a detailed analysis of the sectors and their evolutions, 

consider sectorial policies, and study the impact on the global system. 

 

In (Börjeson, 2006), a typology of scenarios is suggested and it seemed very interesting to 

understand what is the objective of the different scenarios.  Figure 13 shows the different scenario 

types according to the author. Without going too much into the details, the distinction between 

predictive, explorative and normative scenarios seemed quite relevant here: 

• Predictive scenarios answer to the question “What will happen?”. Therefore, they try to 

describe a likely evolution of the studied system in the current conditions or under the 

hypothetical condition of specified events. 

• Explorative scenarios are related to the “What can happen?” question. They are part of a set, 

allowing exploring different evolutions that are realistic, and often have long time-horizons. 

                                                           
10

 “RTE, an independent subsidiary of EDF, is the French electricity transmission system operator. It is a public 
service company responsible for operating, maintaining and developing the high and extra high voltage 
network. It guarantees the reliability and proper operation of the power network.” (RTE’s website) 
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• Normative scenarios are intended to study “How can a specific target be reached?”. They 

often focus on what should be done to preserve or on the contrary transform a system, with 

the idea of efficiently meeting an objective.  

 

Figure 13: scenario typology from Börjeson 

 

We will apply these distinctions to the energy scenarios we studied. 

 

The DGEC scenario 

 

It is a result from a study directed by the DGEC about the evolution of energy-climate-air parameters 

with the 2030 time horizon. This study was intended to be used in many important reports from the 

French administration11. Its main objective is to study the impacts and implications of the “Grenelle”  
12Laws. Hence, there are actually two scenarios: one “Baseline” (with policies as they were in 2008) 

and one including the impacts of these laws on the energy system.  

The elaboration of the scenarios were piloted by members of the administration and performed with 

different consulting companies. The approach is clearly top-down, as the starting points are the 

global policies from the Grenelle together with macro-economic hypothesis (GDP, sectorial economic 

growth, etc.). The scenario type is predictive, as it seeks assessing the evolution of the energy system 

under the policies that have been considered.  

 

The négawatt scenario 

 

Negawatt is an association which aims as informing and advising stakeholders for an energy 

transition to a sustainable energy system. Their scenarios is a perfect example of a bottom-up 

approach, as an extensive study of each demand sector were carried out to assess what the energy 

                                                           
11

 « Plan national d’action pour l’efficacité énergétique » (energy efficiency plan), « Rapport sur les mécanismes 
de surveillance » (control mechanisms), « Plan climat national » (climate plan) 
12

 Cf. http://www.legrenelle-environnement.fr/  
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savings (by sobriety and efficiency) are possible, leading then to evaluate what energy resources can 

be used in the system and to formulate recommendations about global policies orientations. 

This is a normative scenario, aiming at fighting global warming (dividing by 2 CO2 emission in France 

by 2030 compared to 2010 levels), and also phasing out nuclear power by 2033 (even if it is not 

clearly stated as an objective). It was designed by energy experts from the association, considering 

many socio-environmental aspects, and is based on very ambitious energy savings on the demand 

side and massive developments in renewable energy production. 

 

The négatep scenario 

 

Sauvons le Climat is an association gathering energy and climate experts to contribute to an efficient 

and effective phasing out of fossil fuels in the energy system. The négatep scenarios was designed by 

two of its members, Claude Acket and Pierre Bacher, and aims at cost-efficiently reaching the 

“facteur 4” objective, that is to say dividing by 4 GHG emissions by 2050 compared to 1990 levels. It 

is thus a normative scenario. 

The approach seems more bottom-up oriented, but the elaboration process is not very detailed in 

the report. But each demand sector is globally analyzed and energy savings and supply are studied. 

The results are compared with a “Grenelle” scenario to show that the latter is not optimal 

economically. The main recommendations from the report are to invest in energy efficiency and to 

increase the share of electricity in the demand sector (buildings, transport and industry) as well as 

the installed nuclear power capacity. 

 

The RTE scenario 

 

The report from RTE was intended to assess the electricity production and transportation system 

capacity to satisfy the evolving demand by 2030. Therefore, it is not about the whole energy system 

but focuses only on electricity. It adopts a top-down approach, making various macro-assumptions 

(GDP, employments rate, etc.) and then estimating the corresponding electricity demand in the 

different sectors.  

It clearly seeks being predictive, not considering if an evolution is desirable or not, and having low 

and high hypothesis for designing different demand evolution scenarios. In the reference scenario, 

the study indicates that new production capacities are needed by 2016. The impact of different 

evolutions of the nuclear capacity has also been studied on demand of the Minister.  

 

 

 



34 

 

3.1.2.  Processing of the energy scenarios by the policy makers  

 

Conclusions from the energy scenarios mentioned above, and others, were indeed studied by 

stakeholders in the energy policies design process. The négawatt scenario inspired some politicians, 

mainly Europe Ecologie Les Verts, the ecologist party, and some collaborators of Martine Aubry, the 

leader of the socialist party13. The energy transition has taken an important place in the French 

political agenda, so that policy makers are being more and more attentive to the publication from 

governmental, non-governmental and private organizations. 

 In particular, an important commission, “Energies 2050” (Ministère de l'Economie, des Finances et 

de l'Industrie, 2012), which purposes were to review various existing scenarios (including négawatt, 

negate and RTE) for France and to enlighten public policies makers, mostly on the questions of 

energy efficiency and the place of nuclear in the electricity production. From the study, many 

recommendations were formulated for policy makers, including: 

• Making energy efficiency and sobriety a priority 

• Leaving the nuclear plants in function as long as the Autorité de Sureté Nucléaire guarantees 

their safety 

• Increasing energy prices to reflect the real production costs 

 

From the scenarios mentioned in the previous section and from the Energies 2050 report, some 

issues that seemed important for decision makers were identified: 

• Energy efficiency improvements are absolutely needed, but their potential and cost but be 

carefully assessed. 

• The French commercial balance for energy products is increasingly negative, due to the 

imports of fossil fuels. 

• Electricity always has a dominant place in the energy debate in France, leading sometimes to 

some confusion14.  

• Investment costs corresponding to each scenario must be quantified, as the public resources 

are limited. 

• Emission targets set with the European Union must be reached. 

• The nuclear issue is always present, and sometimes all the energy debate is reduced to this 

question, which is a pity. 

Policy makers are now aware of these points and they have a special importance in the orientation 

that energy policies will have. Therefore, they appear as good entry point to convey messages about 

the energy system and the importance of considering physical constraints in its future evolution.  

                                                           
13

 Cf. article at http://www.bastamag.net/article1774.html 
14

 See for instance http://theshiftproject.org/cet-article/notre-dependance-aux-energies-fossiles-%E2%80%93-
politiquement-dur-a-avouer 
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We will keep that in mind when designing scenarios with Rogeaulito, in order to have more impact 

on the decision making process. 

 

3.2. Developing narratives to have impacting messages 
 

3.2.1.  The link with Rogeaulito 

 

Having an energy scenario modelling tool, Rogeaulito, and a list of issues that are important to policy 

makers, it is possible to develop narratives around a specific issue in order to convey messages and 

spread knowledge.  

The term narratives encompasses here what is designed by “scenario” in (Ghanadan, 2005), and 

illustrated in Figure 14. As stories have a great power illustrating ideas, and models allow a 

quantitative analysis and a critical evaluation, narratives take the best of both worlds. They are 

somehow stories told with a model.  

 

Figure 14 : The scenario (narrative) approach by Ghanadan 

 

Having narratives is very important for using Rogeaulito. Indeed, this tool puts all the scenario design 

complexity in the setting of the very numerous cursors that describe the different parts of the energy 

system. Hence the combinatory possibilities are infinite, and as no retro-action and no loop links the 

cursors between them in the model, many combinations of the cursors don’t correspond to a 

realistic and coherent evolution of the system. Therefore, having a narrative ensures that the set of 

hypothesis is coherent as they are consistent with a story that is being told. We will come back to this 

in the next section.  

As it is explained by Ghanadan, narratives are not meant to be predictive, but are rather an 

“exploratory exercise aimed at developing a set of scenario analysis tools and initiating a discussion 

on alternative future energy pathways”. The scenarios that will be studied with Rogeaulito are 
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indeed exploratory, and are meant to give a dynamic and quantitative insight on the equilibrium (or 

non-equilibrium) of energy supply and demand under assumptions that are consistent with a story.  

Rogeaulito is a very interesting tool for developing narratives, as it describes extensively the energy 

system, and cursors in every part of this system (demand, supply, conversion) can be set. As 

examples: 

• The demand module can be used to study the impact of a vast building 

refurbishment/insulation program, or of an important car efficiency improvement. 

• The conversion module allows exploring a massive development of Carbon Capture and 

Storage technologies or massive production of liquid fuels from gas or coal. 

• The supply module can describe scenarios where nuclear power is phased out, or where 

shale gas resources are increasingly extracted.  

 

3.2.2.  Elaboration of a frame for developing narratives 

 

Ghanadan suggests a six-step process for developing scenarios, as shown in Figure 15. It is just an 

example to show that having a frame for the elaboration of scenarios can be very useful. 

Furthermore, in his article, Bowman mentions that storytelling is a part of human nature, and gives 

keys for a successful story telling: chronological sequencing, logic casual relation between the 

different components, new ideas or messages that can be memorable (Bowman, 2012). The 

consistence and coherence of the set of hypothesis are thus once again pointed out as being very 

important. Furthermore, it is interesting if the narratives show new or unexpected results as they 

allow exploration of scenarios far from the “business as usual situations”, generating discussion and 

greater memorability.  

 

 

Figure 15 : narratives development process (Ghanadan, 2005) 

 

Moreover, the focal issue, that is to say the subject of the story, will be chosen accordingly with the 

stakeholders who are targeted. Indeed, decision makers are more receptive to messages concerning 

their principal sector of activity.   

In order have a frame for the narratives that will be developed with Rogeaulito, a work carried out by 

Carbone4, a consulting company in energy and carbon issues, was studied and adapted. The principle 

of the frame is shown on Figure 16. The space of futures is divided in four zones depending on the 



 

energy and climate constraint faced by society (energy availability, amount of investment used for 

climate change adaptation, etc.), and the socio

prioritize actions (invest in critical infrastructures, control the energy demand, etc.) 

this constraint. The four zones are:

• The “world without limits

somehow the vision that developed country had some decades ago when their growth was 

very important, as they had access to cheap and abundant energy. 

grows, and the supply follows with an increasin

situation is possible in the future.

• The “big mess”: the energy constraint has become important, and 

organization is carried out by the politics or the civil society to deal effectively with

Therefore energy prices are high and volatile, individuals try to adapt as they can. The energy 

supply is going down, the wished energy demand cannot be satisfied.

• The “emergency landing

emerging constraint. Therefore, the energy and climate constraint is high but the society or 

the politics has organized to face it and try to save the situation. We can imagine a very 

strong political power in this situation, trying to put order for 

rationing energy, etc. 

• The “green new deal”: society and politics really anticipated the problems and curved the 

energy demand and the GHG emission down

important energy and transport infras

system, and the energy production choices are optimized. 

 

 

This can seem a bit abstract, but the idea is just to give 

cursors in Rogeaulito, consistently with the story being told. For example, cursors describing energy 

energy and climate constraint faced by society (energy availability, amount of investment used for 

tc.), and the socio-political commitment to organize society and 

(invest in critical infrastructures, control the energy demand, etc.) 

The four zones are: 

world without limits”: No commitment is required because no constraint exist. It is 

somehow the vision that developed country had some decades ago when their growth was 

very important, as they had access to cheap and abundant energy. 

grows, and the supply follows with an increasing production. We don’t believe that such a 

situation is possible in the future.  

: the energy constraint has become important, and however no action and 

organization is carried out by the politics or the civil society to deal effectively with

Therefore energy prices are high and volatile, individuals try to adapt as they can. The energy 

supply is going down, the wished energy demand cannot be satisfied. 

emergency landing”: the commitment has appeared a bit too late, as a reaction fr

emerging constraint. Therefore, the energy and climate constraint is high but the society or 

the politics has organized to face it and try to save the situation. We can imagine a very 

strong political power in this situation, trying to put order for the survival of society, 

: society and politics really anticipated the problems and curved the 

energy demand and the GHG emission down. Energy efficiency is developed quickly, 

important energy and transport infrastructures are financed to anticipate a new energy 

system, and the energy production choices are optimized.  

Figure 16 : a frame for narratives 

This can seem a bit abstract, but the idea is just to give a context for the evolution of the different 

cursors in Rogeaulito, consistently with the story being told. For example, cursors describing energy 
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energy and climate constraint faced by society (energy availability, amount of investment used for 

political commitment to organize society and 

(invest in critical infrastructures, control the energy demand, etc.) in order to face 

uired because no constraint exist. It is 

somehow the vision that developed country had some decades ago when their growth was 

very important, as they had access to cheap and abundant energy. The energy demand 

We don’t believe that such a 

however no action and 

organization is carried out by the politics or the civil society to deal effectively with this. 

Therefore energy prices are high and volatile, individuals try to adapt as they can. The energy 

: the commitment has appeared a bit too late, as a reaction from an 

emerging constraint. Therefore, the energy and climate constraint is high but the society or 

the politics has organized to face it and try to save the situation. We can imagine a very 

the survival of society, 

: society and politics really anticipated the problems and curved the 

. Energy efficiency is developed quickly, 

tructures are financed to anticipate a new energy 

 

for the evolution of the different 

cursors in Rogeaulito, consistently with the story being told. For example, cursors describing energy 
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efficiency will tend to increase in the Green new deal story, and to decrease in the Big mess story (as 

energy shortages means less productivity). Fossil fuels production quickly declines if there is strong 

socio-political commitment, but keeps increasing until there is a shortage in the other case.  

This frame has just been developed and has not been extensively used yet. A reflection about how 

the cursors on the demand, supply and conversion side are likely to evolve depending on the zone of 

the frame has started and is ongoing at TSP.  

 

3.2.3.  An example: the electric vehicle 

 

To give an illustration of a narrative, the development of the electric vehicle (EV) was chosen. The 

idea is to study the impact on the MES and the GHG emissions of the introduction of the electric 

vehicle in the transport sector. Therefore, a baseline scenario is used as a starting point, and then 

three steps will be taken, modifying only one cursor at each step, in order to be able to identify 

clearly the impact of the hypothesis on the outputs. 

It is important to remember that the current version of Rogeaulito is at world scale. The details of the 

modeling will not be presented here, we are not seeking being very accurate on the figure, rather we 

want to illustrate the process of dynamically playing with Rogeaulito to try to “solve” the MES. 

Step 1: 

It is a baseline situation for demand, supply and conversion modules, inspired from IEA’s trend 

scenarios. A MES appears, mostly for oil, and becomes quite important by 2100. 

Step 2: 

Only the demand scenario is modified. The EV is progressively introduced and represents 90% of the 

vehicle fleet by 2100. The results show a decrease in the global and oil MES, but an increase in the 

gas and nuclear MES. This is understandable as more electricity is needed for the EV, and the 

conversion scenarios is such that electricity comes from coal, gas and nuclear mostly. There is no 

MES for coal as the production is higher than the demand. 

Step 3:  

Only the conversion scenario is modified. The electricity mix progressively evolves to make the share 

of coal and renewables higher, and the share of gas and nuclear lower. The results show that the gas 

and nuclear MES decrease, as well as the global MES. GHG emissions strongly increase and a 

renewable MES appears (but no coal MES as coal production was higher than demand). 

Step 4: 

Only the supply scenario is modified. The supply of renewables is increased by putting more wind, 

PV, hydro power than in the previous supply scenario.  The result show that the renewable MES 

decreases.  
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Figure 17 : MES (left, in grey) 

 

 

 

 

(left, in grey) and MES by primary energy (right) for the four steps
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for the four steps 



 

The results are shown on Figure 

demand and the supply, highlighting the global MES in grey. The graphs on the right are the MES by 

primary energies (oil is in red, gas in green, nuclear in yellow and renewable power in blue). 

Table 2 sums up the outputs for the four steps.

 

Once again, hypothesis and results were not presented in details here, but the idea wa

how a dynamic process of modifying the hypothesis and studying their impact on the outputs can be 

carried out around a given topic. One important message in this case can be that EV are not a 

solution for reducing GHG emissions if the electr

narrative can be of interest for policy makers in the transport sector for instance. 

 

3.3. Rogeaulito workshops
 

3.3.1.  Workshops principle and organization

 

Rogeaulito workshops consist in sessions of a few hours where a small number of chosen participants 

work on energy scenario modeling with the tool, together with the Rogeaulito team. 

section 2.2.2, workshops have been organized with sectorial experts to aggregate knowledge about 

the energy system and receive feedback on the modeling. 

Figure 17. The graphs on the left are the comparisons between the induced 

demand and the supply, highlighting the global MES in grey. The graphs on the right are the MES by 

red, gas in green, nuclear in yellow and renewable power in blue). 

sums up the outputs for the four steps. 

Table 2: results of the EV narrative 

 

Once again, hypothesis and results were not presented in details here, but the idea wa

how a dynamic process of modifying the hypothesis and studying their impact on the outputs can be 

carried out around a given topic. One important message in this case can be that EV are not a 

solution for reducing GHG emissions if the electricity mix remains as it is today. Presenting such a 

narrative can be of interest for policy makers in the transport sector for instance. 

Rogeaulito workshops as a way of directly impacting decision makers

Workshops principle and organization 

Rogeaulito workshops consist in sessions of a few hours where a small number of chosen participants 

work on energy scenario modeling with the tool, together with the Rogeaulito team. 

, workshops have been organized with sectorial experts to aggregate knowledge about 

the energy system and receive feedback on the modeling.  
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. The graphs on the left are the comparisons between the induced 

demand and the supply, highlighting the global MES in grey. The graphs on the right are the MES by 

red, gas in green, nuclear in yellow and renewable power in blue).  

 

Once again, hypothesis and results were not presented in details here, but the idea was illustrating 

how a dynamic process of modifying the hypothesis and studying their impact on the outputs can be 

carried out around a given topic. One important message in this case can be that EV are not a 

icity mix remains as it is today. Presenting such a 

narrative can be of interest for policy makers in the transport sector for instance.  

directly impacting decision makers 

Rogeaulito workshops consist in sessions of a few hours where a small number of chosen participants 

work on energy scenario modeling with the tool, together with the Rogeaulito team. As it was said in 

, workshops have been organized with sectorial experts to aggregate knowledge about 



 

But workshops are also meant to be organized with

administration in the near future. The objective for these will be 

• Confront decision makers directly with the tool, improving their knowledge of the energy 

system, of energy scenario design and of 

• Communicating TSP’s messages by presenting chosen narratives

figure is a powerful image

• Having a dynamic discussion around the hypothesis so that policy makers 

see what impacts can changes (caused by a hypothetic policy) in the energy system (car 

ownership, population, number of nuclear plants, etc.) have on the final outputs (MES, 

emissions, etc.). This participative and iterative process 

shown on Figure 18, but here, the feedback loop is immediate. 

makers to evaluate quantitatively the impact of one political choice about a part of the 

energy system on the global 

 

Figure 

 

Rogeaulito makes it possible to reach these objectives, because its principle can be explained quite 

quickly. All the cursors available for the user to set appear clearly, so it is rather easy “playin

it. Furthermore, the simplicity of the model makes it run 

cursor and immediately seeing the impact on the outputs. 

Policy makers are usually rather busy and not very sensitive to very technical aspects so the 

workshops will have to be well organized and time efficient

cognitive differences on workshops outcomes, states that “g

comprises essentially a set of group

participants, together with the design of the different facilitated activities, will be crucial 

determinants of the effectiveness of scenario planning processes and outcomes

choice of the participants will in our case be link

But workshops are also meant to be organized with public policy makers or civil servants from the 

in the near future. The objective for these will be multiple: 

Confront decision makers directly with the tool, improving their knowledge of the energy 

system, of energy scenario design and of physical constraints over a long term period

Communicating TSP’s messages by presenting chosen narratives, as we believe the MES 

figure is a powerful image. 

Having a dynamic discussion around the hypothesis so that policy makers 

t impacts can changes (caused by a hypothetic policy) in the energy system (car 

ownership, population, number of nuclear plants, etc.) have on the final outputs (MES, 

emissions, etc.). This participative and iterative process is described by 

, but here, the feedback loop is immediate. It is also possible for policy 

makers to evaluate quantitatively the impact of one political choice about a part of the 

energy system on the global system. 

Figure 18 : Participative scenario development by Walz 

makes it possible to reach these objectives, because its principle can be explained quite 

quickly. All the cursors available for the user to set appear clearly, so it is rather easy “playin

it. Furthermore, the simplicity of the model makes it run instantly, allowing for iteratively moving a 

cursor and immediately seeing the impact on the outputs.  

are usually rather busy and not very sensitive to very technical aspects so the 

will have to be well organized and time efficient. Franco, who studied the impact of 

cognitive differences on workshops outcomes, states that “given that a scenario planning workshop 

comprises essentially a set of group-based activities, it seems obvious that the selection

her with the design of the different facilitated activities, will be crucial 

effectiveness of scenario planning processes and outcomes”

choice of the participants will in our case be linked with the topic, which will be
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or civil servants from the 

Confront decision makers directly with the tool, improving their knowledge of the energy 

physical constraints over a long term period. 

, as we believe the MES 

Having a dynamic discussion around the hypothesis so that policy makers can quantitatively 

t impacts can changes (caused by a hypothetic policy) in the energy system (car 

ownership, population, number of nuclear plants, etc.) have on the final outputs (MES, 

is described by (Walz, 2006), as 

It is also possible for policy 

makers to evaluate quantitatively the impact of one political choice about a part of the 

 

makes it possible to reach these objectives, because its principle can be explained quite 

quickly. All the cursors available for the user to set appear clearly, so it is rather easy “playing” with 

instantly, allowing for iteratively moving a 

are usually rather busy and not very sensitive to very technical aspects so the 

Franco, who studied the impact of 

iven that a scenario planning workshop 

based activities, it seems obvious that the selection of workshop 

her with the design of the different facilitated activities, will be crucial 

” (Franco, 2012). The 

which will be defined in advance, 
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so that the discussion focuses on a limited number of cursors. Indeed, as it was said above, it is 

interesting to focus on aspects that matters the most for decision makers, and that can therefore 

constitute topics for the workshops and for the exploratory narratives that will be developed. For 

instance, the nuclear question or building refurbishment can be interesting topics for workshops.  

 

3.3.2.  Feedback from the organized workshops 

 

In order to prepare the future workshops with policy makers or members of the administration, it is 

important to make profit of the feedback from the workshops that have already taken place. 

Rogeaulito workshops started during this mission, and so far nine have been done. It is only a 

beginning and there is still some development and experience gathering to do before they get really 

productive, but a lot was learnt already. Table 3 presents all the past workshops that were organized 

and animated.  

 

Workshop Audience Date Organisations represented 

1 First trial Apr 26
th

 Students and young researchers 

2 
Transportation sector 

and Industry 
May 23

rd
 PSA 

GDF 

3 
Rogeaulito 

improvements 
May 24

th
 Carbone 4 

4 
Swedish academic 

community 
May 25

th
 KTH 

5 
Decision makers in the 

Industry 1 
May 31

st
 

Carbon 4 
SPIE 

Crédit Agricole 
Cofiroute 

Areva 

6 Biomass June 7
th

 Ministère du Développement 
durable 

7 Scientific community 1 June 15
th

 

OSUG 
Imperial College 

CEA 
LPSC 

8 
Decision makers in the 

Industry 2 

June 18
th

 

 

Bouygues 
Véolia 

Carbone4 

9 Scientific community 2 
June 18

th
 

 

SNCF 
CEA 
EGIS 

Table 3 : list of Rogeaulito workshops 

 

There were roughly two types of workshops audiences: 

• Scientists, be it researchers or academics from scientific universities.  

• Industrials, be it sectorial experts or members (or even directors) of the sustainability offices 

of the companies. 
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The main lessons from these workshops that will be useful once the guests are policy makers or 

members of the administration were: 

• How to improve the communication about the tool. Along the workshops, it was possible 

make the presentation and explanation of the tool, its philosophy and its principle more 

and more clear, efficient and understandable.  This is done through steps as simple as 

choosing the right words, explaining the concepts that may seem evident for TSP’s 

members but which are not outside the company, improving our presentation tools 

(Powerpoint and Prezi), etc. 

• Rogeaulito has a great pedagogical value. All participants agreed on this, and academics 

above all were eager to study possibilities of using it for teaching students, be it 

engineers or not (Science Po, etc.). This didactic power will have to be exploited with 

policy makers, as they are not always familiar with energy related topics. 

• Except for scientist, people are not so much interested by the tool itself, but want rather 

to see results, strong messages. Hence the necessity of continuing working on the 

narratives before inviting policy makers. 

• Industrials are mostly interested in the own sector, which is understandable. This is why 

the topics of the workshops will have to be carefully chosen accordingly with the 

audience.  

• Everyone was really interested on the coming developments of Rogeaulito, which are the 

France version and the feature for calculating capital investment costs. A special effort 

must be put on them. 

• Industrials pointed out that it would be difficult to communicate about MES that were 

occurring in 20 or more years, as it is way further than the time horizon of companies. 

We believe that this problem will also be true for policy makers. 

 

 

These workshops, together with the narratives in development and other events (publications, 

conferences), will allow us to touch policy makers and members of the administration, in order to 

communicate and be pedagogical about the physical limits faced by the energy system. These limits 

are in particular the declining stocks of fossil fuels, the impact on climate change, the potential for 

developing renewable energies, and soon the investment costs corresponding to a scenario. We 

believe that quantitatively confronting these limits with the different parts of the energy system can 

enlighten policy makers about targets and direction for energy policies, making them more 

appropriate for dealing with the issues face by the energy system.  
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4. Involving civil society in a debate about appropriate 

energy policies 
 

 

Having developed a good tool and good communication patterns with decision and policy makers can 

indeed result in better energy policies taking more physical constraints into account. Unfortunately, 

we believe that it will not be enough to make a quick and effective change.  

Indeed, decision makers, even if they have all the information available, don’t always make the 

optimal choices, as we will try to explain. Furthermore, there are psychological and social obstacles 

to considering long term and global energy issues. They need to be revealed and explained in order 

to overcome them and to see a necessary change in behaviours and paradigms. Finally, a debate 

about energy, involving all the stakeholders but also the civil society as a whole, is actually the only 

way to legitimate the necessary long term policies and choices. 

4.1. Why decision makers won’t make optimal decisions alone 
 

4.1.1.  A few historical examples 

 

In 1972, four scientists from the MIT, and among them Denis Meadows, published a report on 

demand of the Club of Rome, a global think tank. The report, titled The Limits to Growth (Meadows, 

2004), states and even quantifies that an unlimited growth (demographic and economic) in a finite 

world (in terms of resources, of resilience to pollution, etc.) is impossible, regardless of how 

optimistic one can be on future technical progress and on the resource stock at the beginning. They 

warn all politics and decision makers about the fact that pursuing an endless growth objective will 

fatally lead to a collapsing of the whole system, with dire consequences (brutal and quick decline of 

population, of resources, of food and industrial production per capita, etc.). 

40 years after, the updated version of the report is published in French, which was the occasion for 

Meadows to communicate in the country (press conference, interviews15, etc.). Today, he sounds 

most pessimistic, and explains that in 1972, humanity was about to hit the sustainable limits of the 

planets and needed to slow down radically, but today in 2012, these limits are already gone beyond. 

Though politics and society heard his message (the report had a great impact in the media), it had no 

effect and the trends remained the same.  

In 1992, The United Nations Framework Convention on Climate Change is produced at the Earth 

Summit, held in Rio de Janeiro, to stabilize greenhouse gas concentrations in the atmosphere below 

                                                           
15

 See for instance http://www.terraeco.net/Dennis-Meadows-Nous-n-avons-pas,44114.html and 
http://www.lemonde.fr/planete/article/2012/05/25/la-croissance-mondiale-va-s-arreter_1707352_3244.html 
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dangerous levels. 20 years after, the 2°C target is out of reach according to most climate scientists16, 

and expectancies about the Rio+20 summit are quite low.  

In 2006, the Stern report is published by the British government (Stern, 2006). It calls for strong and 

early action against climate change, which costs would by far outweigh those of inaction and 

adaptation. Still no massive investment was decided at a global level for mitigating climate change. 

In France, a carbon tax law project was considered by Fillon’s government in 2009, to give more 

incentives for phasing out fossil fuels from the French economy. In 2010, the project in abandoned by 

the government as it risked to harm the competitiveness of French companies. 

Through history, politics and decision makers have many times received warnings from experts, 

scientists, economists, without taking action. This inaction can be very dangerous as “reaching the 

limits” is not a smooth and therefore controllable process according to Meadows, and leads to 

positive retro-action loops making the system collapse. He gives the example of the debt crisis in 

Europe: the debt limit was reached and things didn’t go smoothly.  

 

4.1.2.  Scientific uncertainty as an excuse for inaction 

 

Decision makers may argue that warnings from scientists include too much uncertainty to take 

immediate actions. They may ask for certain scientific conclusions and previsions, which are by 

nature impossible, putting scientists in difficult positions. They can sometimes go as far as blaming 

scientists if a decision based on their conclusion turned out to be inappropriate. 

The first reason for this is the increasing skepticism about science from politics, but more generally 

from the civil society. This is due for a great part to the misuse of (pseudo) science by many 

associations and lobbies to influence politics and society in order to defend private interests. And this 

has caused great harm, and dampened the trust that used to be naturally put in scientists. A famous 

and now well-documented17 example is the tobacco industry lobbies, which manipulated science, 

“bought” scientists and laboratories, to influence public opinion and raise skepticism over the 

conclusions of many recognized doctors about the dangers of tobacco for human health. Sadly 

enough, the story is the same for anthropogenic climate change, which is still contested by pseudo-

scientific organizations, which are in fact lobbying for big companies (oil, transport, etc.), whereas 

the large majority of climate experts agree on it, as shown by Doran survey for instance. (Doran, 

2009). In her new book, Merchants of Doubt, Naomi Oreskes connects these two topics and shows 

how some scientists tried to obscure the truth in order to defend private interests (Oreskes, 2010). 

Apart from these intentional attempts of creating skepticism, all scientific results are by nature 

subject to uncertainties, which must be managed by decision makers. In all cases, uncertainty 

mustn’t be an excuse for inaction. In Rio in 1992, the precautionary principle was recognized for the 

first time in an international agreement, which was a good step. However, still today, if a difficult 

decision has to be made to prevent a bad situation, the decision makers is guilty if the decision 

                                                           
16

 http://www.guardian.co.uk/environment/2009/apr/14/global-warming-target-2c 
17

 The « tobacco documents », secret files from the industry, being now available thanks to a legal action.  
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doesn’t work or is unpleasant, whereas nobody is really responsible if nothing is done and things go 

bad. This gives incentives to inaction and decision makers must be better trained to make difficult 

decision in contexts of uncertainties. Some leads exists, and Vincent Desportes for instance, that a 

governing based on decentralization, subsidiarity, trust and common culture is the most efficient 

answer to this problem (Desportes). Although is mostly referring to military contexts, his conclusions 

can be interesting in the field of energy policies design too. 

 

4.1.3.  Political obstacles to best choices 

 

Indeed, even with accurate and complete scientific and economic information, policy makers make 

non optimal choices. Decisions are not made with a calculator and political aspects weight a lot. The 

main problem is that they have personal interests, alliances, must satisfy influent pressure groups as 

well as the public opinion.  

In our case the time horizon of the issues and limits in question exceeds by far the typical time of a 

political mandates, and even careers in the administration. A coherent energy strategy must be 

planned over decades. An investment in a nuclear plant involves society for 60 years. Building 

refurbishment programs have low return on investment and their benefits are felt long after the 

decisions are made.  

Often, the measures needed to adapt the energy system to the physical limits it’s facing are painful: 

carbon tax, reflecting real electricity prices, stopping all subventions to fossil fuels. And their effect 

will be preventing problems that will occur sooner or later in the future. Hence, from an electoral 

point of view, making adapted decision about energy policies is difficult. The blame cannot be totally 

put on politicians for this problem; they also need to ensure that they keep their jobs. But it is indeed 

a great obstacle to considering long term issues requiring immediate and courageous actions.  

 

4.2. How psychological and cultural aspects can be obstacles to global and long term 

thinking 
 

As it has been said before, politics are not able to tackle the long term, global energy issues in the 

current system. Hence society itself must be involved in the process of giving appropriate 

orientations to the energy policies, and put a pressure on policy makers. Nevertheless, the civil 

society also faces strong obstacles to consider long term and global issues, and make difficult but 

necessary choices, which are related to psychological and cultural aspects. As in psychotherapy, 

these obstacles must be clearly identified and revealed in order to be overcome. Below are some 

examples that illustrate this point.   
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4.2.1. The obsession for concentrated energy: The Prometheus 

complex 

 

Modern societies are obsessed with concentrated energy. They symbolize power, freedom and 

human domination over natural elements. The combustion engine car is emblematic of the American 

ideal of freedom, as it allows individually travelling over great distances. Nuclear power shows that 

humans went as far as mastering atoms and breaking them for their own profit. Discovering fire in 

prehistory was a way for humans to protect themselves from wild animals. From a political point of 

view, concentration makes control easier, and control is directly related to power. Actually, the 

obsession for concentrated energies has roots in human psychology, and is related with the 

fascination for fire, as it is described by Bachelard in “La psychanalyse du feu” (Bachelard, 1949). 

According to him, fire has a very special resonance in human subconscious, and it prevents us to have 

a Cartesian, purely descriptive, scientific approach about fire. Fire allows creation as well as 

destruction. This is applicable to concentrated energy too18. Concentrated energy as oil literally 

shaped our modern societies and modern transport rely massively on this form of energy, without a 

short term alternative foreseeable. Nuclear power is subject to the strongest fascination and fear, 

leading to one of the most passionate debates, especially in France19. On the opposite, the debate 

about energy should be free from sentimental or psychological influences, if it is to be constructive 

and oriented to finding solutions.   

 

4.2.2. The incredulity about pessimistic future scenarios: The 

Cassandra complex 

 

It is very well known that human nature is such that it makes it difficult to receive and integrate bad 

news. Many instinctive and intellectual mechanisms immediately try protecting our minds from 

them: denial, questioning, over-optimism, etc. It is even worse if the news is about a difficult 

situation coming far in the future, for two reasons. First, it was shown that when people are asked 

about the future, they are overly optimistic. It is called the “optimism bias” by specialists, and 

described by David Ropeik (Ropeik, 2010). Hence if a difficult situation is announced for the future, 

people will tend to think that solutions will be found, that it will not be as bad as predicted, that 

there is actually no problem at all… The second reason is the time preference, a notion that is well 

known in economy (under the name of discounting as well). A usual experience used to measure and 

demonstrate people’s time preference consists in offering a choice between an amount of money 

immediately, or a higher amount later in the future. Of course, results depend on the difference 

between the amounts offered and on how far in the future is the higher amount offered, but human 

nature is such that people globally have a rather high present time preference. Consequently, it is 

very hard for people to accept to make difficult changes today, to live better in the future, even if the 

immediate sacrifice is lesser than the avoided future costs (as in Stern report). A small bit of 

                                                           
18

 On this topic, see a reflection from David Bourguigon : http://www.davidbourguignon.net/texts/la-
fascination-du-feu.html 
19

 http://www.lepoint.fr/debats/nucleaire-anti-et-pro-tous-otages-du-temps-25-11-2011-1400558_34.php 
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catastrophism is needed in order to impulse a quick and powerful change today and avoid great 

problems in the future, but as we just saw, it comes up against the mechanisms our brains uses to 

protect us from bad news. It’s put in this quote attributed to Carl Jung: “People cannot stand too 

much reality”.  

Actually, the effect described above is even worse if a warning bell is ringed about great catastrophes 

expected in the future, without suggesting very concrete solution to avoid them. This is very well put 

in a saying from Les Shadoks cartoon: “If there is no solution, it’s because there is no problem”. That 

is critic that has been made to Meadow’s or Stern’s work, which were more oriented to warning than 

to finding solutions. Indeed, what they did was important and necessary, but when the problem 

seems impossible, then nothing is done. Therefore, communication about long term issues should 

involve both aspects, the warning and the possible solutions, the “stick and the carrot”, in order to 

be received efficiently.  

 

 

 

4.2.3. The individualism: The Narcissus complex  

 

The last illustration of human cultural and psychological obstacles to tackling long term, global 

energy issues is people’s individualism. It is not just about selfishness, self-interest, utilitarianism, 

which are common flaws attributed to our modern societies, it’s also related with our natural 

psychological inclinations of  giving much higher priority to things that happen around us, that affects 

us directly or people that we can actually see. “Out of sight, out of mind”, as in the popular saying. As 

Ropeik explains: 

“We commonly react more powerfully, emotionally, to dangers that are represented by a face, or a name, 

or some real tangible victim. A person, like you. Numbers are abstract. People are real. Ideas may get us to 

think, but risks presented as real people get us to feel, and act. Which is why people give more money to 

help one or two identified orphaned children than to help "all those orphaned children all over the world". 

As Stalin himself observed: One death is a tragedy. One million is a statistic." 20 

                                                           
20

 http://www.psychologytoday.com/blog/how-risky-is-it-really/201008/the-psychology-risk-perception-are-
we-doomed-because-we-get-risk- 
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He adds that in the case of global warming, victims are diffuse, faceless. What’s more, it is difficult to 

say how climate change is going to affect us personally. That explains why statically, people believe in 

anthropogenic climate change, but aren’t willing to sacrifice too much to mitigate it. 

Whether this individualism is part of human nature or is a result of modernity and culture is hard to 

say. Jeremy Rifkins, in his theory of empathy, explains that we naturally tend to connect and share 

emotions of other human beings. He says that the development of information technologies is the 

solution of individualism, with a “connected” mankind, sharing information and emotions all around 

the planet, and allowing for a more global thinking (Rifkin, 2010).  

 

4.3. The civil debate about the energy issue 
 

4.3.1.  Why is it necessary and how is it done? 

 

A civil debate about energy appears to us as necessary for at least three reasons. 

First, as it has been said before, as it is the only way to legitimate long term energy policies required 

to prevent the energy system from a future crisis. The instauration of a carbon tax, the energy mix, 

energy sobriety are topics which imply choices that are too important and committing on the long 

term to be politicized and subject to electioneering attitudes.  

 Furthermore, it is from an ethical point of view of the utmost importance that citizens, as a society, 

are informed about what is at stake, what the possible solutions are, and what the consequences of 

the possible choices are. Then only will they be able to decide democratically whether they commit 

into an effective change, or go on with the current way of life and accept the possible consequences 

for them and the next generations. Before they do so, they will also need to be enlightened about 

the psychological and cultural obstacles discussed in section 4.2. 

Finally, although technology will help, solutions will come from social and cultural changes. They 

imply changing habits, which can be difficult, uncomfortable at first and lead to some mistakes on 

the way. It is therefore impossible to make these changes if they are not understood by citizens. It 

will be most difficult to reach a transition with very strict policies, which would not be discussed 

democratically.  

It is important to note that these points imply that all the civil society takes part in the debate, and 

not only the direct stakeholders and the organized civil society (NGOs), unlike the cooperation type 

that emerged from the “Grenelle de l’Environnement”. The latter was indeed a good step for a more 

integrative decision making process, but is insufficient for energy policies. Indeed, in the energy case, 

the outcomes of the debate involve and impact society as a whole as well as every individual. 

Furthermore, the concept of debate here encompasses more than a punctual consultation with 

citizens. It must be a continuous and coherent process of informing citizens and receiving their 

feedback to choose directions for energy policies. 
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Two major questions must be asked. How to inform and teach the civil society about the energy 

issue, which is complex and rather technical? How to organize the debate so that it is transparent, 

accessible and democratic? These are difficult questions and answering them exceeds by far the 

objectives of this paper.  

Nevertheless, a lot of social and political studies have been carried out about participative politics. 

They consider the limits of purely representative democracy and explore ways to involve citizens 

more into policy and decision making. The referendum is a famous way for making decision making 

more participative, but many new concepts have recently emerged: the public debate (in application 

in France for important projects21), the citizen’s panel (developed in Scandinavian countries), 

workshops, surveys, etc. 

In the case of France, the FNH (Fondation pour la Nature et l’Homme) has recently published 

recommendations for a collective process about energy choices (FNH, 2012), with very interesting 

leads. The new French president, François Hollande, has promised a vast society debate about the 

energy transition, starting in fall 2012. 

 

4.3.2. Risks and opportunities analysis 

 

In the process of making a continuous and fruitful dialogue emerge with the civil society about 

energy policies, there are some risks but also opportunities. 

First, as we said before, energy questions are complex and technical, hence the need for 

communication and pedagogy. One risk is that failing in this communication would lead average 

citizens to lose interest or to be excluded from the debate, leaving it again to specialists and direct 

stakeholders, which could favor opportunist positions. Another risk can emerge if this 

communication step is carried out by entities which are not neutral and try to favor their views, for 

any reason. This would bring a bias in the debate and in public opinion, which is obviously not 

desirable. In the other hand, succeeding in explaining the energy-related concepts, issues and 

alternative scenarios would have a great value added by giving citizens a higher conscience and sense 

of responsibility about their own use of energy. To reach such a result, many actions must be taken, 

in particular: 

• Publication of information by the different stakeholders (to have different point of view), by 

NGOs (as it has been done by the FNH) and by governmental organisms (DGEC, CESE, CGDD, 

etc.). 

• Increasing teaching of relevant courses in schools, universities, higher degrees, etc.: 

Advanced sustainable development concepts (critical lecture of The limits to growth for 

instance), System thinking, Decision making with strong uncertainties, modeling of social 

                                                           
21

 http://www.debatpublic.fr/ 
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behaviors and choices, etc. The future decision makers will have to be able to think “outside 

the box” more and more often than they are today22. 

• Training of press and medias on energy questions so that they can fully play their role of 

information, critical power, animation in the debate. 

The Shift Project is indeed committed to taking part in this communication and pedagogical process, 

through many projects and actions. 

 

Second, a risk with spreading the idea of a debate about energy is that it can make it acceptable that 

people can just have different beliefs, which must equally be respected. It could lead to hearing 

things as, “Personally, I do or don’t believe in climate change”. This would be wrong. The debate 

energy deals with physical facts, which are assessed by recognized scientists with acceptable 

uncertainties, and social and behavioral choices, which can be discussed by citizens and can lead to 

different positions. And even if different positions are possible about social choices, the debate must 

be clearly oriented to analyzing the problems and finding solutions, otherwise it would end on a 

status-quo with different “camps”. But a great opportunity that could bring such a debate would be 

to make a ground of knowledge emerge and be accepted among everybody, so that it could be a 

basis for further discussion. As an example, it would be interesting and positive, if all stakeholders 

(even with opposed views) clearly agreed on the fact that making efforts about energy efficiency is a 

question that should come before changing the energy mix. 

 

 

 

As it can be seen, social, cultural and political aspects are most important in the design and the 

implementation of energy policies that would take into account physical limits. This “human factor”23 

is increasingly included from most scientific studies on the subject. Indeed, any optimization based 

merely on physical and economical aspects would, and thus neglecting the human factor, would fail 

to bring solutions to the coming energy crisis. Therefore, projects attempting to model interactions 

between societies and their environment are developing, as illustrated by FuturICT, a big European 

project dealing with information and communication technologies to reach a better understanding of 

techno-socio-economic-environmental systems24 

 

 

  

                                                           
22

http://www.lefigaro.fr/actualite-france/2012/06/12/01016-20120612ARTFIG00352-des-enarques-
decidement-bien-trop-conformistes.php 
23

 http://davidbourguignon.wordpress.com/2012/06/22/nous-sommes-le-changement-qui-vient/ 
24

 http://www.futurict.eu/the-project 
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5. Conclusion 
 

Taking into account physical constraints that the energy system faces, such as the available stocks or 

potentials of energy resources, or the acceptable limit for greenhouse gases concentrations, while 

giving orientations and designing energy policies is absolutely necessary in order to avoid a future 

crisis caused by both energy supply shortages and climate change. Indeed, decision makers need a 

more transparent, quantitative and physical approach for energy scenarios design, allowing them to 

confront political choices and social aspirations with physical realities. This is why Rogeaulito is being 

developed by TSP. In parallel with this modeling and knowledge gathering activity, a reflection has 

been carried out about how the work done on Rogeaulito could be effectively and concretely 

connected with energy policy makers, in the political or administrative world, in order to make this 

tool really useful and used, and enhance the consideration of physical constraints in the decision 

making process. Focusing on topics that appeared as most important for policy makers, narratives, 

that is to say “quantified stories”, can be developed with Rogeaulito to bring concrete and impacting 

messages. Along with narratives, workshop sessions around this tool, if they are well planned and 

animated, are good means to confront decision makers directly with the tools and its outputs, and to 

increase their knowledge about the energy system and its physical limits. Nevertheless, improving 

policy makers’ awareness is not sufficient, as they are subject to short term considerations or 

individualistic interests. Hence, the whole civil society must be included in a continuous and coherent 

dialogue process with the government and the other stakeholders, in order to reveal and go beyond 

cultural and psychological obstacles to considering global and long term risks, to improve the 

common understanding of energy related issues, to grasp the concrete consequences of the possible 

choices, to give public interest a strong meaning and position against private interests, and to decide 

a democratic and collaborative orientation to energy policies. It is the only way to reach a necessary 

but difficult shift in culture and behaviors, and to legitimate long-term policies, in which society 

commits for decades and more.  

So as we see, taking effectively and honestly physical limits into account in the energy policy 

design requires a comprehensive and multidisciplinary approach, involving physics, environmental 

science, economics, technology, sociology, political science and psychology. Indeed, the energy 

issue is so complex that not considering the whole energy system with its interconnections and 

interfaces, and trying to analyze it by looking only at one of its aspects (physical, human, etc.) can 

be misleading in trying to solve the issues that are at stake.  

What is at stake? As Meadows explains, going beyond the physical limits can result in a sudden, 

uncontrollable and rapid collapsing of the system. As our modern societies are completely 

dependent on energy, it would be synonym of a great crisis, with unpredictable consequences. If 

society were to face such a crisis, the very democratic and Republican values could be threatened. 

How can equality exist if a few countries benefit for huge scarcity rents in a world that would still be 

depending on scarcer and scarcer oil? How can social cohesion exist in a world where individuals 

must struggle for declining food and industrial products? And mostly, how would freedom be 

preserved from authoritarianism and extremism in a world of increasing disorder? For, as Meadows 
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points out, when given a choice between order and freedom, humans have always chosen order in 

History.  Hence the absolute necessity of anticipating possible future energy and climate crisis.  

Reality must be faced courageously: a sustainable energy system in a finite world fatally implies 

changing our ways of consuming, traveling and living, regardless of possible technological 

improvements. But this societal revolution could be a formidable opportunity to focus at last on 

“qualitative” rather than “quantitative” growth, to quote Meadows once again. It is the opportunity 

to build societies with more justice, more equality, more responsibility, more decentralization, more 

concern about the environment, more education, and so on. As naïve as it may sound, there are 

many willing people for these changes all around the world. They will be most needed. The shift will 

be challenging, difficult and will take decades. So it might be a good idea to start as soon as possible. 

 

 

 

 

 

 

 

  



 

Appendix A : Rogeaulito’s modules

 

A.1. The demand module 
 

The global demand in final energy has been divided in five sectors : Buildings, Industry, Transport, 

Agriculture and Fishing, Other and Non

Finally, physical parameters are used to describe the sub

user can set a cursor to model its evolution between now and 2100. For example, the energy 

demand from Steel Industry subsector is calculated by multiplying two ph

average steel production per capita and the energy required for producing one unit of steel. 

Furthermore, the evolution of the global population must also be set as many parameters are 

expressed per capita. 

 

Figure 19 : Sectors, sub

 

The user must also specify the evolution of the final energy mix for each sub

final energy base.  For instance, road transport demand is today 99% Liq

is likely to change due to the expected penetration of electric vehicles. 

From the energy demand calculated from the physical parameters, and the final energy mix 

evolution, the evolution the demand by final energy is calcul

demand module.  

Rogeaulito’s modules 

 

The global demand in final energy has been divided in five sectors : Buildings, Industry, Transport, 

Agriculture and Fishing, Other and Non-energy use. These sectors are themselves split in sub

physical parameters are used to describe the sub-sectors.  For each of these parameters, the 

user can set a cursor to model its evolution between now and 2100. For example, the energy 

demand from Steel Industry subsector is calculated by multiplying two physical parameters : the 

average steel production per capita and the energy required for producing one unit of steel. 

Furthermore, the evolution of the global population must also be set as many parameters are 

: Sectors, sub-sectors and physical parameter in the demand module

The user must also specify the evolution of the final energy mix for each sub-sector, expressed in the 

final energy base.  For instance, road transport demand is today 99% Liquid and 1% Final Gas, but this 

is likely to change due to the expected penetration of electric vehicles.  

From the energy demand calculated from the physical parameters, and the final energy mix 

evolution, the evolution the demand by final energy is calculated and is the main output of the 
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The global demand in final energy has been divided in five sectors : Buildings, Industry, Transport, 

energy use. These sectors are themselves split in sub-sectors. 

sectors.  For each of these parameters, the 

user can set a cursor to model its evolution between now and 2100. For example, the energy 
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A.2. The conversion module
 

The conversion module represents the transformation process between primary and final energy. 

Indeed, in every conversion unit (power plant, refinery, etc.), there are losses due to auto

consumption and conversion. Additional losses occur on the distribution process. The user can 

parameter these losses in the conversion module.

Figure 20 : Calculation of the demand by final energy 

The conversion module 

The conversion module represents the transformation process between primary and final energy. 

Indeed, in every conversion unit (power plant, refinery, etc.), there are losses due to auto

consumption and conversion. Additional losses occur on the distribution process. The user can 

parameter these losses in the conversion module. 

55 

 

 

The conversion module represents the transformation process between primary and final energy. 

Indeed, in every conversion unit (power plant, refinery, etc.), there are losses due to auto-

consumption and conversion. Additional losses occur on the distribution process. The user can 



 

Figure 21 : Schematic view of the conversion from primary to final energy

 

But the actual energy sector system is much more complex than what is shown on 

renvoi introuvable.. Erreur ! Source du renvoi introuvable.

the energy fluxes. Conversion losses exist as it has been said, but another important point is that 

every final energy has its own mix regarding primary energies, and they are changing in time too. For 

instance, the Liquid final energy comes mostly from the Oil primary energy tod

liquid or biomass-to-liquid develop, the mix for Liquid final energy is likely to change. Furthermore, 

some primary energies don’t undergo any transformation before being used as final energies. This is 

mainly the case for Gas. This is taken into account in the conversion module.

 

Figure 

: Schematic view of the conversion from primary to final energy

But the actual energy sector system is much more complex than what is shown on 

! Source du renvoi introuvable. represents and Energy Sankey showing 

rsion losses exist as it has been said, but another important point is that 

every final energy has its own mix regarding primary energies, and they are changing in time too. For 

instance, the Liquid final energy comes mostly from the Oil primary energy tod

liquid develop, the mix for Liquid final energy is likely to change. Furthermore, 

some primary energies don’t undergo any transformation before being used as final energies. This is 

aken into account in the conversion module. 

Figure 22 : Energy Sankey adapted from 2009 IEA data 
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: Schematic view of the conversion from primary to final energy 

But the actual energy sector system is much more complex than what is shown on Erreur ! Source du 

represents and Energy Sankey showing 

rsion losses exist as it has been said, but another important point is that 

every final energy has its own mix regarding primary energies, and they are changing in time too. For 

instance, the Liquid final energy comes mostly from the Oil primary energy today, but as coal-to-

liquid develop, the mix for Liquid final energy is likely to change. Furthermore, 

some primary energies don’t undergo any transformation before being used as final energies. This is 

 



 

Finally the user has to set four types of parameters in the conversion module, as it is shown in 

Erreur ! Source du renvoi introuvable.

milestones years, and the parameters are extrapolated between these years.

  

Figure 

 

The output of the conversion module is a matrix that is used to convert a final energy demand vector 

(6 elements) into an induced primary energy demand vector (8 elements). This matrix is calculated 

for each year as the different parameters evolve. The matrix element corresponding to the final 

energy i and the primary energy j is calculated as follows :

��� �

 

 

Much more information about the conversion module and the detailed process of the calculation of 

the conversion matrix can be found in Bastien Praz

 

 

 

 

CM Bf\Bp Oil Gas primary

Liquids 0,992                                    

Gas final 0,000                                    

Solids 0,001                                    

Electricity 0,144                                    

Heat 0,074                                    

Conversion 

matrix

-

World, 2009

Finally the user has to set four types of parameters in the conversion module, as it is shown in 

! Source du renvoi introuvable.. For simplicity reasons, this has to be done only for three 

milestones years, and the parameters are extrapolated between these years. 

Figure 23 : Inputs for the conversion module 

The output of the conversion module is a matrix that is used to convert a final energy demand vector 

(6 elements) into an induced primary energy demand vector (8 elements). This matrix is calculated 

each year as the different parameters evolve. The matrix element corresponding to the final 

energy i and the primary energy j is calculated as follows : 

�	
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Tableau 1 : Conversion matrix for year 2009 

Much more information about the conversion module and the detailed process of the calculation of 

the conversion matrix can be found in Bastien Praz’ Master Thesis (Praz, To be published)

Gas primary Coal Nuclear Renew. only Elec. Renew. Others

0,002                   0,005                   -                         -                                          

0,989                   0,006                   -                         -                                          

0,000                   0,554                   -                         -                                          

0,456                   1,155                   0,406                   0,177                                    

0,670                   0,561                   0,009                   0,000                                    
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Finally the user has to set four types of parameters in the conversion module, as it is shown in 

. For simplicity reasons, this has to be done only for three 

 

The output of the conversion module is a matrix that is used to convert a final energy demand vector 

(6 elements) into an induced primary energy demand vector (8 elements). This matrix is calculated 

each year as the different parameters evolve. The matrix element corresponding to the final 

 

Much more information about the conversion module and the detailed process of the calculation of 

(Praz, To be published).  

Renew. Others Others non-Renew.

0,014                   -                         

0,007                   -                         

0,550                   0,004                   

0,067                   0,007                   

0,112                   0,017                   



 

A.3. The supply module 
 

As it has been done for the demand, the global supply has been divided in sectors and sub

The physical description of the supply is different for fossil f

energy. 

Figure 24 : Sectors, sub

 

Fossil fuel supply modeling is based on logistic curves, allowing taking the area under the curve as a 

parameter set by the user. This way, the user can specify the ultimate recoverable resources for the 

different fossil fuels, together with a shape factor

Different types of logistic curves are available (Hubert, Alba Rech, etc.).

For nuclear and renewable energy supply, no physical description possibilities existed yet when this 

Master Thesis work began. Trend curves were simply used for each sector.

The supply is aggraded on the elements of the primary energy basis, and the output of the module is 

a scenario of the evolution of the primary energy supply from now to 2100. 

 

 

As it has been done for the demand, the global supply has been divided in sectors and sub

The physical description of the supply is different for fossil fuels and for nuclear and renewable 

: Sectors, sub-sectors and physical parameter in the supply module

Fossil fuel supply modeling is based on logistic curves, allowing taking the area under the curve as a 

parameter set by the user. This way, the user can specify the ultimate recoverable resources for the 

different fossil fuels, together with a shape factor, to model the production curves from now to 2100. 

Different types of logistic curves are available (Hubert, Alba Rech, etc.). 

For nuclear and renewable energy supply, no physical description possibilities existed yet when this 

end curves were simply used for each sector. 

The supply is aggraded on the elements of the primary energy basis, and the output of the module is 

a scenario of the evolution of the primary energy supply from now to 2100.  
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As it has been done for the demand, the global supply has been divided in sectors and sub-sectors. 
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sectors and physical parameter in the supply module 

Fossil fuel supply modeling is based on logistic curves, allowing taking the area under the curve as a 

parameter set by the user. This way, the user can specify the ultimate recoverable resources for the 

, to model the production curves from now to 2100. 

For nuclear and renewable energy supply, no physical description possibilities existed yet when this 

The supply is aggraded on the elements of the primary energy basis, and the output of the module is 



 

Figure 

 

A.4. Missing energy supply 
 

Rogeaulito’s core allows the user to import independently a scenario for each one of the modules. 

Comparing the induced energy demand with the supply can result in a MES, as it is shown in grey

 

Figure 

Figure 25 : An output from the supply module 

 

Rogeaulito’s core allows the user to import independently a scenario for each one of the modules. 

Comparing the induced energy demand with the supply can result in a MES, as it is shown in grey

Figure 26  : An exemple of a MES visualization 
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Rogeaulito’s core allows the user to import independently a scenario for each one of the modules. 

Comparing the induced energy demand with the supply can result in a MES, as it is shown in grey on . 

 



 

 

The primary energies are not interchangeable, which means that a MES for oil is not compensated 

with an excess supply in coal. Nevertheless, the user can always change the parameters in the 

conversion scenario to allocate more coal to liquids production, r

worth noting that if the supply exceeds the demand for one primary energy at a given year, the 

excess is reallocated for the next years so that no energy is lost. A better way to visualize the MES in 

each primary energy is shown on 

the fully colored part is the actual supply, and the greyed part is the MES for fulfilling

 

Figure 

Figure 27 : A MES by primary energy 

The primary energies are not interchangeable, which means that a MES for oil is not compensated 

with an excess supply in coal. Nevertheless, the user can always change the parameters in the 

conversion scenario to allocate more coal to liquids production, reducing the MES for oil. It’s also 

worth noting that if the supply exceeds the demand for one primary energy at a given year, the 

excess is reallocated for the next years so that no energy is lost. A better way to visualize the MES in 

s shown on Erreur ! Source du renvoi introuvable.. For every primary energy, 

the fully colored part is the actual supply, and the greyed part is the MES for fulfilling

Figure 28 : Actual Supply and MES visualization 
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The primary energies are not interchangeable, which means that a MES for oil is not compensated 

with an excess supply in coal. Nevertheless, the user can always change the parameters in the 

educing the MES for oil. It’s also 

worth noting that if the supply exceeds the demand for one primary energy at a given year, the 

excess is reallocated for the next years so that no energy is lost. A better way to visualize the MES in 

. For every primary energy, 

the fully colored part is the actual supply, and the greyed part is the MES for fulfilling the demand.  

 

 



 

Appendix B : developments on R

 

B.1. Renewable and nuclear 
 

In order for Rogeaulito to be tool highlighting physical constraints in energy scenarios, it must have a 

feature for describing physically the renewable and nuclear energy supply and what limits their 

development can have.  

To do so, scientific literature dealing with renewable 

identify what relevant factors must be considered. 

It has been decided that the user will be able to set freely the amount of nuclear and renewable 

energy supply (Section 2.2.1), and that a calculation will show

choices on physical (Section 2.2.2) or economical (Section 2.2.3) factors. 

 

B.1.1.Renewable and nuclear supply modeling

 

In order to comply with Rogeaulito’s simplicity of modeling, the setting of the evolution of the energy

production from nuclear and renewable sources will be described by the multiplication of the 

relevant physical factors. The physical description of these figures in Rogeaulito was decided after 

reflection, consultation of scientific literature and discuss

Nuclear 

Nuclear primary energy corresponds to the calorific energy of uranium fission in Rogeaulito. On the 

other hand, the description of nuclear supply in most scenarios is often expressed in terms of 

installed capacity (IEA, NEA, 2010)

factors : the installed capacity (GW), the average load factor (%) and the efficiency (%). A constant 

factor corresponding to the number of

indeed applied too. 

 

 

For each one of these three factors, a physical cursor was implemented on Rogeaulito

setting its evolution between today and 2100. Furthermore, historical data had to be found. The 

: developments on Rogeaulito 

Renewable and nuclear energy supply 

to be tool highlighting physical constraints in energy scenarios, it must have a 

feature for describing physically the renewable and nuclear energy supply and what limits their 

To do so, scientific literature dealing with renewable energy potential and limits was analysed to 

identify what relevant factors must be considered.  

It has been decided that the user will be able to set freely the amount of nuclear and renewable 

energy supply (Section 2.2.1), and that a calculation will show him ex-post the consequences of his 

choices on physical (Section 2.2.2) or economical (Section 2.2.3) factors.  

Renewable and nuclear supply modeling 

In order to comply with Rogeaulito’s simplicity of modeling, the setting of the evolution of the energy

production from nuclear and renewable sources will be described by the multiplication of the 

relevant physical factors. The physical description of these figures in Rogeaulito was decided after 

reflection, consultation of scientific literature and discussion with the Rogeaulito team members. 

Nuclear primary energy corresponds to the calorific energy of uranium fission in Rogeaulito. On the 

other hand, the description of nuclear supply in most scenarios is often expressed in terms of 

(IEA, NEA, 2010). Therefore, the nuclear energy supply will be described with three 

factors : the installed capacity (GW), the average load factor (%) and the efficiency (%). A constant 

factor corresponding to the number of hours in one year and to the conversion between units is 

Figure 29 : Nuclear energy description 

For each one of these three factors, a physical cursor was implemented on Rogeaulito

setting its evolution between today and 2100. Furthermore, historical data had to be found. The 
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to be tool highlighting physical constraints in energy scenarios, it must have a 

feature for describing physically the renewable and nuclear energy supply and what limits their 

energy potential and limits was analysed to 

It has been decided that the user will be able to set freely the amount of nuclear and renewable 

post the consequences of his 

In order to comply with Rogeaulito’s simplicity of modeling, the setting of the evolution of the energy 

production from nuclear and renewable sources will be described by the multiplication of the 

relevant physical factors. The physical description of these figures in Rogeaulito was decided after 

ion with the Rogeaulito team members.  

Nuclear primary energy corresponds to the calorific energy of uranium fission in Rogeaulito. On the 

other hand, the description of nuclear supply in most scenarios is often expressed in terms of 

. Therefore, the nuclear energy supply will be described with three 

factors : the installed capacity (GW), the average load factor (%) and the efficiency (%). A constant 

hours in one year and to the conversion between units is 

  

For each one of these three factors, a physical cursor was implemented on Rogeaulito, allowing 

setting its evolution between today and 2100. Furthermore, historical data had to be found. The 



 

energy supply and the efficiency were extracted and calculated from the IEA database 

The installed capacity was imported from TSP’s Data Portal 

the average load factor was calculated from the three other figures. To give an idea, here are the 

values for the year 2009, which is the last “histo

 

Nuclear energy 

 (TWh) 

Installed capacity 

8180 

Renewable direct electricity and heat

This includes energies such as Wind, PV, Heat pumps, or Solar Thermal. The 

for their energy production is to consider their installed (peak) capacity and their capacity factor.

 

 

Once again, historical data could be found or calculated from 

but also from other more specific sources : EWEA 

wind statistics, EPIA (European Photovoltaic Industry Association)

are 2009 data for some renewable energy.

 

Energy Type  
Energy supply 

Onshore Wind Power 

Hydro Power 

Geothermal Power 

Table 4 : Physical description of some energy sources in 2009

 

Biomass 

Describing Biomass supply is a bit more complicated. In fact, as TSP wanted Rogeaulito

with IEA’s nomenclature, the primary energy “Renewable Others” encompasses Solid biomass, 

energy supply and the efficiency were extracted and calculated from the IEA database 

was imported from TSP’s Data Portal (TSP). In order to have consistent data, 

the average load factor was calculated from the three other figures. To give an idea, here are the 

values for the year 2009, which is the last “historical” year for Rogeaulito.   

Installed capacity 

(GW) 

Average load factor 

(%) 
Average efficiency 

392 78 

Renewable direct electricity and heat 

This includes energies such as Wind, PV, Heat pumps, or Solar Thermal. The simplest way to account 

for their energy production is to consider their installed (peak) capacity and their capacity factor.

Figure 29 : Renewable energy description 

Once again, historical data could be found or calculated from (IEA, 2011) and the Data Portal 

but also from other more specific sources : EWEA (European Wind Energy Association)

Photovoltaic Industry Association) for PV statistics . As examples, here 

are 2009 data for some renewable energy. 

Energy supply  

(TWh) 

Installed capacity 

(GW) 

Average load factor 

270 156 

3252 890 

66,7 9,8 

: Physical description of some energy sources in 2009 

Describing Biomass supply is a bit more complicated. In fact, as TSP wanted Rogeaulito

with IEA’s nomenclature, the primary energy “Renewable Others” encompasses Solid biomass, 
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energy supply and the efficiency were extracted and calculated from the IEA database (IEA, 2011). 

. In order to have consistent data, 

the average load factor was calculated from the three other figures. To give an idea, here are the 

Average efficiency  

(%) 

33 

simplest way to account 

for their energy production is to consider their installed (peak) capacity and their capacity factor. 

 

and the Data Portal (TSP), 

(European Wind Energy Association) for offshore 

for PV statistics . As examples, here 

Average load factor 

(%) 

20 

42 

78 

Describing Biomass supply is a bit more complicated. In fact, as TSP wanted Rogeaulito to comply 

with IEA’s nomenclature, the primary energy “Renewable Others” encompasses Solid biomass, 



 

biofuels and biogas. Nevertheless, the description of biomass supply will be based on the area used 

for growing crops and forest and the yield, as it allow

Therefore, the modeling consists of three biomass feedstock : forest, crops and waste. They 

constitute a “superprimary” energy supply which will have to be converted into primary energy. In 

order to do so, the user will be able to set which fraction (

into liquids, which one into gas and which one stays solid. He will also specify the average efficiencies 

(η) for these conversions.  

 

Figure 30

 

As it has been said before, the user set physical parameter to describe the superprimary supply and 

its conversion to primary biomass, and all these parameters can evolve in time. The description for 

forest and crops biomass consists of multiplying the area dedicated to their production and their 

average energy yield. As there is no evident way of modeling renewable waste supply, the user will 

set a physical cursor for the overall renewable waste energy sup

superprimary biomass stock was inspired from 

 

Figure 

 

biofuels and biogas. Nevertheless, the description of biomass supply will be based on the area used 

for growing crops and forest and the yield, as it allows pointing out the limits for biomass supply. 

Therefore, the modeling consists of three biomass feedstock : forest, crops and waste. They 

constitute a “superprimary” energy supply which will have to be converted into primary energy. In 

user will be able to set which fraction (θ) of the superprimary stock is converted 

into liquids, which one into gas and which one stays solid. He will also specify the average efficiencies 

30 : From superprimary to Rogeaulito primary Biomass 

As it has been said before, the user set physical parameter to describe the superprimary supply and 

its conversion to primary biomass, and all these parameters can evolve in time. The description for 

t and crops biomass consists of multiplying the area dedicated to their production and their 

average energy yield. As there is no evident way of modeling renewable waste supply, the user will 

set a physical cursor for the overall renewable waste energy supply. The description of the 

superprimary biomass stock was inspired from (Helmut, 2010) 

 

Figure 31 : Forest and crops energy description 
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biofuels and biogas. Nevertheless, the description of biomass supply will be based on the area used 

s pointing out the limits for biomass supply.  

Therefore, the modeling consists of three biomass feedstock : forest, crops and waste. They 

constitute a “superprimary” energy supply which will have to be converted into primary energy. In 

) of the superprimary stock is converted 

into liquids, which one into gas and which one stays solid. He will also specify the average efficiencies 

 

As it has been said before, the user set physical parameter to describe the superprimary supply and 

its conversion to primary biomass, and all these parameters can evolve in time. The description for 

t and crops biomass consists of multiplying the area dedicated to their production and their 

average energy yield. As there is no evident way of modeling renewable waste supply, the user will 

ply. The description of the 

 



 

B.1.2.Physical limits

 

As it is mentioned above, Rogeaulito

renewable and nuclear supply. To do so,

The SSREN (International Panel on Climate Change, 2011)

types of energies are widely described. Physical cursors have been added to calculate figures based 

on the physical description of the supply. The idea is that Rogeaulito’s user design the supply based 

on the physical description explained above, and then can check thanks to some calculated figures 

that his choices doesn’t imply unrealistic hypothesis. 

 

Nuclear 

The most obvious physical limit for nuclear power is uranium availability. Indeed, a current nuclear 

reactor requires around 150 tons of natural uranium each year. As nuclear energy production is 

directly linked with the amount of uranium consumed, via the calorific power, it is easy to deduce the 

yearly consumption of uranium from the nuclear energy modeling. Natural 

value in an average current reactor being equivalent to 138,9 TWh/kton 

it can be calculated that uranium consumption from power plants in 2009 was around 59 kton. It is 

important to note that more uranium is also needed for military and research applications. 

This calculation was then implemented in Rogeaulito and provides the total uranium over the 2010

2100 period corresponding to the nuclear energy supply set by the user. This 

compared with estimation of uranium resources to see if it is physically acceptable. For this matter, 

scientific literature was consulted to provide relevant estimates of uranium stocks. 

some figures based on a joint report from OECD NEA and IEA 

Energy Agency, 2010) 

 

 

Physical limits 

As it is mentioned above, Rogeaulito must include a feature to highlight the physical limits of 

renewable and nuclear supply. To do so, a review of scientific literature was once again quite useful. 

(International Panel on Climate Change, 2011) was especially helpful as the different 

types of energies are widely described. Physical cursors have been added to calculate figures based 

on the physical description of the supply. The idea is that Rogeaulito’s user design the supply based 

ption explained above, and then can check thanks to some calculated figures 

that his choices doesn’t imply unrealistic hypothesis.  

The most obvious physical limit for nuclear power is uranium availability. Indeed, a current nuclear 

es around 150 tons of natural uranium each year. As nuclear energy production is 

directly linked with the amount of uranium consumed, via the calorific power, it is easy to deduce the 

yearly consumption of uranium from the nuclear energy modeling. Natural uranium lower heating 

value in an average current reactor being equivalent to 138,9 TWh/kton (World Nuclear Association)

it can be calculated that uranium consumption from power plants in 2009 was around 59 kton. It is 

to note that more uranium is also needed for military and research applications. 

This calculation was then implemented in Rogeaulito and provides the total uranium over the 2010

2100 period corresponding to the nuclear energy supply set by the user. This 

compared with estimation of uranium resources to see if it is physically acceptable. For this matter, 

scientific literature was consulted to provide relevant estimates of uranium stocks. 

some figures based on a joint report from OECD NEA and IEA (Nuclear Energy Agency; International 

Table 5 : Estimated Uranium resources 
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must include a feature to highlight the physical limits of 

a review of scientific literature was once again quite useful. 

cially helpful as the different 

types of energies are widely described. Physical cursors have been added to calculate figures based 

on the physical description of the supply. The idea is that Rogeaulito’s user design the supply based 

ption explained above, and then can check thanks to some calculated figures 

The most obvious physical limit for nuclear power is uranium availability. Indeed, a current nuclear 

es around 150 tons of natural uranium each year. As nuclear energy production is 

directly linked with the amount of uranium consumed, via the calorific power, it is easy to deduce the 

uranium lower heating 

(World Nuclear Association), 

it can be calculated that uranium consumption from power plants in 2009 was around 59 kton. It is 

to note that more uranium is also needed for military and research applications.  

This calculation was then implemented in Rogeaulito and provides the total uranium over the 2010-

2100 period corresponding to the nuclear energy supply set by the user. This figure can then be 

compared with estimation of uranium resources to see if it is physically acceptable. For this matter, 

scientific literature was consulted to provide relevant estimates of uranium stocks. Table 5 shows 

(Nuclear Energy Agency; International 

 



 

 

Land use limits 

For some renewable energy, land use is a relevant physical limit to consider. For biomass, it is 

immediate as the area used is already a physical parameter for describing the supply, and it can 

therefore be compared with limits according to experts 

PV, Wind, CSP, Solar Thermal, etc., a physical cursor was added to allow setting the average peak 

power density of these energy sources. These

density of the resource where the plants are installed (maximum insolation , maximum wind speed, 

etc.) and the efficiency of the conversion, and thus they can evolve in time. When the user set their 

evolution, Rogeaulito will calculate the land use corresponding to the installed capacity from the 

physical description.  

 

Figure 32 : Description of land use from renewable installed capacity

 

Finding relevant data for the average power

highly depending on the location and technology, but having rough average estimates is enough to 

have an order of magnitude of the required area. 

Energy Type  
Installed capacity 

Onshore Wind Power 

PV 

Table 6 : Estimation of area needed in 2009 for some 

 

Indeed, these results have to be interpreted carefully as they are rough averages and their 

implications depend on the type of energy considered. For instance, it is possible to grow crops 

between turbines in a wind farm, which is not possible for a PV farm. But PV cells can be mounted on 

roofs so that they don’t consume additional space, but the suitable roof area is uneasy to assess. All 

of this has to be taken into account when interpreti

 

For some renewable energy, land use is a relevant physical limit to consider. For biomass, it is 

immediate as the area used is already a physical parameter for describing the supply, and it can 

compared with limits according to experts (Helmut, 2010). For other sources, such as 

PV, Wind, CSP, Solar Thermal, etc., a physical cursor was added to allow setting the average peak 

power density of these energy sources. These parameters depend on two factors, which are the 

density of the resource where the plants are installed (maximum insolation , maximum wind speed, 

etc.) and the efficiency of the conversion, and thus they can evolve in time. When the user set their 

n, Rogeaulito will calculate the land use corresponding to the installed capacity from the 

: Description of land use from renewable installed capacity 

Finding relevant data for the average power density for each energy source is not easy because it is 

highly depending on the location and technology, but having rough average estimates is enough to 

have an order of magnitude of the required area. Table 6 presents some estimates for year 2009.

Installed capacity 

(GW) 

Average peak  

power density 

(MW/km²) 

156 5 

23 100 

: Estimation of area needed in 2009 for some renewable energies

Indeed, these results have to be interpreted carefully as they are rough averages and their 

implications depend on the type of energy considered. For instance, it is possible to grow crops 

between turbines in a wind farm, which is not possible for a PV farm. But PV cells can be mounted on 

roofs so that they don’t consume additional space, but the suitable roof area is uneasy to assess. All 

of this has to be taken into account when interpreting required areas.  
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For some renewable energy, land use is a relevant physical limit to consider. For biomass, it is 

immediate as the area used is already a physical parameter for describing the supply, and it can 

. For other sources, such as 

PV, Wind, CSP, Solar Thermal, etc., a physical cursor was added to allow setting the average peak 

parameters depend on two factors, which are the 

density of the resource where the plants are installed (maximum insolation , maximum wind speed, 

etc.) and the efficiency of the conversion, and thus they can evolve in time. When the user set their 

n, Rogeaulito will calculate the land use corresponding to the installed capacity from the 

 

 

density for each energy source is not easy because it is 

highly depending on the location and technology, but having rough average estimates is enough to 

presents some estimates for year 2009. 

Area needed  

(km²) 

31 200 

230 

renewable energies 

Indeed, these results have to be interpreted carefully as they are rough averages and their 

implications depend on the type of energy considered. For instance, it is possible to grow crops 

between turbines in a wind farm, which is not possible for a PV farm. But PV cells can be mounted on 

roofs so that they don’t consume additional space, but the suitable roof area is uneasy to assess. All 
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Installed Capacity potential 

Finally, for some other renewable energies, it seemed more suitable to consider the technical 

potential as area or resource consumption were not relevant. This is the case for geothermal energy 

or hydropower. Hence, the installed capacity from the physical description can be used and 

compared directly to technical potential estimates from experts. For instance, the SRREN report from 

the IPCC (International Panel on Climate Change, 2011) estimates that the global technical potential 

for hydropower generation is around 14500 TWh/yr (which is equivalent to roughly 3700 GW 

installed capacity).  There are many other factors to be considered (environment protection, 

economic feasibility, etc.) but technical potential give at least maximum values for installed 

capacities.  

 

B.2. Working on the outputs 
 

While the previous section dealt with the importance for Rogeaulito to offer the appropriate 

modelling possibilities regarding the inputs, this one reflects the work that has been carried out so 

that the outputs from the model are multiple and useful. 

 

B.2.1.A lot of MES 

 

As some studies or some decision makers may want to focus on specific sectors or energies, it 

appeared useful to display what would be the Missing Energy Supply in these terms. To do so, an 

arbitrary rule had to be set to answer the following question : If there is a MES for a given primary 

energy, how is it shared between the final energies that need this primary energy. Therefore, it was 

chosen that the actual supply of a primary energy P for a final energy F would be proportional to the 

share of the (wished) demand of P to produce F in the total (wished) demand for P. Put differently, 

we have : 

&��'�(	%'))("	��	*	��	)��+'�!	� � ,���(	���'�(	%'))("	��	* ∗ 	
��%�!+	+!���+	��	*	��	)��+'�!	�
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It was then possible to calculate a MES by final energy, that is to say for each final energy, how much 

more primary energy was needed to be converted to fulfil the demand. From there, it was also 

possible to calculate a MES by demand sector. This is very interesting if one wants to reduce the MES 

with demand side management (sobriety and efficiency).  

 

 



 

Figure 

 

B.2.2.  CO2 emissions

 

The importance of the climate issue and of the international agreements on greenhouse gases 

emission makes it very useful to be able to visualize CO

scenarios. To do so, the actual supply of fossil fuels i

emission factors (Table 7). Emissions by final energy and by sector were also calculated, based on the 

actual allocation of primary energy. Furthermore, a simple model was used to estimate CO

concentration in the atmosphere, using the volume of the atmosphere and the fraction of CO

absorbed by the oceans and the land. This gives a rough estimates of the concentrations asso

with the scenarios modeled in Rogeaulito, keeping in mind that they include only gases from the 

energy sector, thus excluding land use change and agriculture. It is possible to compare the CO

concentration curves from Rogeaulito with the climates s

correspondence with temperature increase. 

 

Primary energy 

Coal  

Oil (average) 

Natural gas 
Table 7 : Emission factors for primary energies, 

 

 

Figure 34

Figure 33 : MES by final energy and by demand sector 

emissions 

The importance of the climate issue and of the international agreements on greenhouse gases 

emission makes it very useful to be able to visualize CO2 emissions associated with the energy 

scenarios. To do so, the actual supply of fossil fuels in the scenarios was considered, together with 

). Emissions by final energy and by sector were also calculated, based on the 

of primary energy. Furthermore, a simple model was used to estimate CO

concentration in the atmosphere, using the volume of the atmosphere and the fraction of CO

absorbed by the oceans and the land. This gives a rough estimates of the concentrations asso

with the scenarios modeled in Rogeaulito, keeping in mind that they include only gases from the 

energy sector, thus excluding land use change and agriculture. It is possible to compare the CO

concentration curves from Rogeaulito with the climates scenarios from the IPCC to have a 

correspondence with temperature increase.  

 Emission factor (tCO2/toe) 

3.99 

3.06 

2.39 
: Emission factors for primary energies, (ADEME, 2010) 

34 : Annual CO2 emissions by primary and final energy 
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The importance of the climate issue and of the international agreements on greenhouse gases 

emissions associated with the energy 

n the scenarios was considered, together with 

). Emissions by final energy and by sector were also calculated, based on the 

of primary energy. Furthermore, a simple model was used to estimate CO2 

concentration in the atmosphere, using the volume of the atmosphere and the fraction of CO2 

absorbed by the oceans and the land. This gives a rough estimates of the concentrations associated 

with the scenarios modeled in Rogeaulito, keeping in mind that they include only gases from the 

energy sector, thus excluding land use change and agriculture. It is possible to compare the CO2 

cenarios from the IPCC to have a 

 



 

Figure 35 : CO2 annual emissions by final energy and atmospheric concentration (ppm)

 

Table 8

 

A feature allowing taking into account Carbon Capture and Storage was also added so that the CCS 

parameters from the conversion modules are used in t

  

: CO2 annual emissions by final energy and atmospheric concentration (ppm)

8 : Synthesis of IPCC climate scenarios (IPCC, 2007) 

A feature allowing taking into account Carbon Capture and Storage was also added so that the CCS 

parameters from the conversion modules are used in the CO2 emissions calculations.
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: CO2 annual emissions by final energy and atmospheric concentration (ppm) 

 

A feature allowing taking into account Carbon Capture and Storage was also added so that the CCS 

emissions calculations. 
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