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Measuring societal Energy Return On Investment (EROI) at the useful stage: the predominant role of 
capital for the efficient use of energy 

Marco Vittorio Ecclesia 

Summary: It is widely proved that the Energy Return On Investment (EROI) of fossil fuel extraction is 

declining along time because of resource depletion. This means that an increasing fraction of energy is 

going to be used in the energy sector to obtain energy itself and, subsequently, cannot be ultimately used to 

provide energy services. Therefore, since fossil energy still represents the predominant share of energy 

consumption, we asked ourselves which would be the implications of the declining EROI of energy sources, 

for a society as a whole. 

To do so, we created a new comprehensive societal EROI measure which is able to give a broader picture of 

the overall performance of a society in EROI terms. We expand the boundaries of the energy sector up to 

the useful stage while taking into consideration the energy embodied in the energy-converting capital and 

considering non-conventional sources, such as the muscle work of human and draught animals.  

We tested it for Portugal between 1960 and 2014, finding a considerably lower EROI value, at around 3, 

compared to those currently available, which is stable along time suggesting an independence of EROI from 

economic growth. At the same time, when measured at the final stage, without applying the novelties 

introduced by us, EROI strongly decreased implying that the production of new and more efficient final-to-

useful energy converting capital has historically kept societal EROI around a stable value by offsetting the 

effects of the changing returns of energy sources at the primary and final stages. To further reinforce these 

results, we will first focus on broadening such calculation to a wider pool of countries.  

 

  



Useful Energy Investment for the Global Energy Transition. 

Hervé Bercegol 

Summary: The Energy-GDP nexus can be understood at the world scale by viewing energy consumption as a 
main contributor to capital growth, good production and innovation capacity. In the 1820-2016 series 
analyzed, the logarithmic growth of the innovation term scales linearly with primary energy consumption, 
showing that innovation should be part of any energy-economy forecast. Among energy scenarios proposed 
to tackle the climate issue, we should pick those that are compatible with the dynamic tendencies observed 
in the past. Those scenarios suppose a phasing out of Fossil resources by electricity from renewables. Since 
different energy sources have different efficiencies of conversion, it is necessary to know more about final 
and useful energy demand in scenarios. Also more data should be obtained on the energy demand to 
fabricate zero-carbon technologies (PV, wind, batteries, electrolysers), and their trends should be studied to 
make realistic forecasts of EROI in future scenarios. Up to now, the energy invested in PV deployment has 
been essentially provided by fossil resources. When will this situation cease ?  

 
 

How much does it cost? Hiding costs of oil depletion in Ecuador: A biophysical approach 

Karla Arias 

Summary: We live in an era completely dominated by readily available and cheap petroleum. This cheap 
petroleum is finite and currently, there are no substitutes with the quality and quantity required. Of 
particular importance to society’s past and future is that depletion has significant impacts on economic 
growth so that the enormous wealth made possible by cheap petroleum is very unlikely to continue very far 
into the future. What this means principally is that investments will increasingly have to be made into 
simply getting the energy that today we take for granted, the net economic effect being the impact on 
investments and      consumption. Therefore, it is important to know what is the energy cost of oil extraction 
considering the loss of quality as well? To do that I applied an adaptation of ERC for oil extraction using EROI 
to account for quality reduction in oil field in Ecuador from 2006-2020. The results show that on 2040 
Ecuador will reach a 1:1 EROI and after this year it will not be efficient to keep extracting oil.  

 
 
 



Estimation of useful energy stage EROI of fossil fuel energy and comparison with renewable energy 

Emmanuel Aramendia 

Summary: Expanding net energy analysis to the useful stage allows us to capture different final-to-useful 
efficiencies of energy carriers. Here, we compute the useful stage EROI of different fossil fuels, when used in 
different end-uses. We then use the average final-to-useful efficiencies of electricity in each end-use to 
determine the required EROI value for renewable energy systems to allow for the energy transition to 
happen without a decline in the net useful energy available to society. Results show that an EROI value of 
roughly 5 would be sufficient to avoid a decline in the available net useful energy as the energy transition 
happens. Such value is rather on the low range of estimates for renewable energy systems, which suggests 
that the energy transition may happen without a drop in the net useful energy available – although dynamic 
effects due to investments in the renewable energy infrastructure may imply a temporary decline in net the 
useful energy available. This required value is however highly dependent on the type of fossil fuel being 
substituted and on the end-use of substitution. 


