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Problem definition

• According to most organizations like IEA or IIASA, oil companies like BP and 

reports from institutions like European Commission, the primary energy 

consumption (PEC) will continue to increase in the next years:

• 2016 PEC = 13,5 Gtoe

• In 2050, the PEC will reach 

around 17-25 Gtoe according

to different scenarios.

Source: INDC Scenario, Global Energy and Climate Outlook 2017: How climate policies improve air quality



Problem definition

The global energy system is facing a historic moment of constant change:

• The fossil resources, according to several research, have already reached its 

peak or they are close to reach it. 
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Problem definition
• The increasing international concern about the energy security and the climate 

change. (Paris Agreement in 2015)

Source: Breakthrough National Centre for Climate Restoration.



Problem definition

All of these reasons have implied every prospect to be established in the 

renewable production, but:

• Renewable energy sources (RES) covered in 2015 only 0,1336 of the total 

primary energy supply (TPES). 

• The annual year growth of renewable sources vs TPES is growing less than 

1% in the world.

• Also, there is a great uncertainty about the maximum potential that 

renewable energies sources could reach. 

Source: IEA (2018), "World Indicators", IEA World Energy Statistics and Balances (database)



is the amount of renewable energy 

output derived from natural and 

climatic (physical) parameters (e.g., 

total solar irradiation on a 

continent’s surface). The information 

is of limited practical relevance.

Problem definition

Is the second highest level

which depends on the

limitation of the geographical

areas (mountains, glaciers, 

urban land,…)

What is the potential of Renewable Energy Sources?

Several levels of renewable energy supply potentials can be identified: (IPCC, 2010)

is the amount of 

renewable energy output 

obtainable by full 

implementation of 

demonstrated 

technologies or 

practices.

When costs 

and benefits are 

included
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Objective

• The main aim of this study is to carry out an uncertainty analysis 

about the maximum potentials of RENEWABLE ENERGY 

SOURCES in a simulation model.

PRIMARY ENERGY CONSUMPTION

NRE
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Methodology

1. Literature review and data collection.2. Uncertainty ranges and distribution election3. Introduction of variables in MEDEAS model and scenario selection

Data collection

MEDEAS model

Uncertainty ranges

Scenario RESULTS

4. Monte-Carlo simulation to obtain results



Data collection

• More than 200 studies have been analyzed in this review.

• As previously noted, there is a big uncertainty on the maximum 
potential that renewable energies sources could reach. The 
difference between authors lies in several orders of magnitude.

• In our study, we do not consider theoretical potentials. We focus in 
technical potentials.

• Hydropower, wind onshore and offshore, solar PV and CSP, oceanic 
and geothermal energy sources for electricity production are taking 
account.

• Some of RES potentials found in the literature are shown in the next 
slides.



Data collection

• The hydropower case is different of the other RES, the potentials reported in the 

literature are similar for different studies.

HYDRO



Data collection
WIND ONSHORE



Data collection
WIND OFFSHORE SOLAR PV & CSP
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Methodology (probability ranges)
• Due to the great uncertainty in the potentials, a method to classify them 

to its later use in simulation models has been suggested.

• For each RES, three different groups of potentials has been done (low, 

medium and high potentials) using logarithmic scale.

• Each group of potentials is considered as a different case. 

• Within each group, a probability range are given following a uniform 

distribution:

596 2660

Low potentials Medium potentials High potentials

WIND RANGE30 133



Methodology (model)
MEDEAS, based in system dynamics, is a energy-economy environment 

model structured in six modules with multiple feedbacks. (Capellán-

Pérez, 2018)



Methodology (model)

• There are more than 4000 variables in MEDEAS model.

• Scarcity feedback is deactivated in MEDEAS model.

• GREEN GROWTH scenario is simulated in this study. “Strong 
orientation towards environmental protection and reducing inequality, 
based on solutions found through global cooperation, lifestyle 
change and technology”. (Capellán-Pérez, 2014)

• Some assumption in this scenario are:
– Very rapid growth in renewable energy sources.

– Electrification of energy system (particularly transport sector).

– High technology development.



Preliminary results

LOW POTENTIALS
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Preliminary results
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Preliminary results
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Preliminary results

LOW POTENTIALS
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Conclusions
• There are many studies that evaluate the maximum potentials of RES. 

According to most of them the potential is unlikely to be a limiting factor for 
RES deployment. However, there are some studies that make a very detailed 
analysis and they conclude that the limits in RES are much smaller than in 
other studies. 

• In high potentials range, the RES can cover the electricity demand in 2060. 
However, they require as land as currently urban surface, which could 
generate other problems like economics or a strong competition for land use. 
Also, due electricity covers a small part of total energy demand, the fossil fuel 
dependence will continue. A big change in our energy system will be 
necessary.

• The simulation of the low range of potentials, show that in 2060 the limit in 
RES have appeared. In these case, the renewable production cannot cover 
the electricity demand in 2060. Using this potentials, a 100% RES system only 
would be possible with a reduction of energy consumption.



Limitations and further work

• The study could be completed with the analysis of other 

renewable energy sources as the biomass, biofuels,… Also, solar 

thermal and geothermal direct use should be analyzed. 

• The analysis could be improved with the identification of the 

variables that explain most of the uncertainty in the outputs (global 

sensitivity analysis).

• Other options of MEDEAS model could be selected and added to 

this study like use of other scenarios, activate scarcity feedback, 

evaluate other variable as CO2 emissions,…
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Problem definition

• Primary energy consumption per capita 

is different among countries:

• In 2050, world population according UN

scenarios will reach 9-10 billion people.

Source: IEA (2018), "World Indicators", IEA World Energy 

Statistics and Balances (database)

• If current levels of PEC per capita are 

maintained in 2050 near of 19 Gtoe of 

energy will be consumed in the world.

• If World consume as EU PEC per 

capita level, the PEC would reach near 

of 30 Gtoe in 2050.



Extra slides

Source: IEA (2018), "World Indicators", IEA World Energy Statistics and Balances (database)

PEC per capita year growth (2000-2015)

Source: World Energy Outlook 2017. IEA.


