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Net energy analysis: EROI
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The importance of this measure lies in this 
simple consideration: the more energy is used 
to obtain energy itself, the less can be used to 

ultimately provide energy services. 

Global primary-stage fossil fuel EROI ratios 
from 1995–2011 (Brockway et al., 2019)

What do the declining
EROIs of energy sources 
imply for society as a whole?



Societal EROI: boundaries
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Calculating EROI adopting a societal 
scope: main limitations
➢ Limiting energy conversion stage. 

While a tight link between the 
economy and energy has been found 
at the useful stage (Ayres and Warr, 
2005), at present, no boundaries at 
the useful stage have been set

➢ Omission of energy embodied in 
capital. Energy production and use 
implies the availability of energy 
converting capital; by omitting 
energy embodied in capital, EROI is 
overestimated.

Boundaries of EROI calculations. EROIs: standard, 
primary stage; EROIf: final stage; EROIx: comprehensive 

measure at the useful stage (Eccelsia et al., 2022)



Societal EROI: definition
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Ecclesia, M.V.; Santos, J.; Brockway, P.E.; Domingos, T. A 
Comprehensive Societal Energy Return on Investment 
Study of Portugal Reveals a Low but Stable Value. 
Energies 2022, 15, 3549. 
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❑ 𝐷 ∶ direct inputs (EIOU and food & feed industry)
❑ 𝐼 : indirect inputs
❑ 𝐾 : capital inputs
❑ 𝑀 : corrections related to the trade of energy
❑ 𝐿 : corrections related to the trade of energy
❑ 𝐼𝑁

𝐸 : capital investments in monetary terms

❑ 𝐼𝐸 : investments in terms of energy in energy converting capital
❑ 𝑈𝐼 : energy intensity of machinery sector
❑ 𝑡 : time period
❑ 𝑖 : type of asset (capital)
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Societal EROI: Portugal 1960-2014
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Share of energy inputs (Ecclesia et al. 2022)

.Final and Useful stage EROI (Authors’ own figure) 



Societal EROI results: Portugal 1960-2014
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➢ EROI around 3 at the useful stage (lower than to those available in literature)
➢ Stable over a long-time range (1960–2014): this suggests an independence of EROI from 

economic growth.
➢ Declining when estimated at the final stage: 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. 

➢ The investment in energy converting machines has strongly replaced living beings 
(oxen, horses, and humans), being nowadays the key factor in energy costs

To further reinforce these results, we must focus on 
broadening such calculation to a wider pool of countries 
Specifically, other European countries may be studied due to 
a similar economic structure and the availability of data



Conclusions
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➢ Portugal expenditure growth rates between 1953 and 2014 (Ecclesia et al., 2022):
• INE: 408 %
• IE: 1632 %
• CE: 441 %
• CNE: 875 %
• GDP: 647 %

➢ Important to check useful stage EROI results for countries in which IE growth was 
moderately higher than GDP growth, such as most West European countries between 1995 
and 2017 (similar situation compared to Portugal)

Although IE growth was 2.5 times higher than GDP, 
EROI at the useful stage was stable: investment in 
efficient energy converting machines seems to have 
kept a stable EROI



Conclusions: next steps
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Immediate calculations:

➢ Enlarge the time range of economic database with country specific national accounts

➢ Need for final and useful exergy data until 2017: consumption per economic activity, energy vector and 

end-use

➢ Check useful exergy intensities of all countries: difference between aggregate and machinery one

Future improvements:

➢ Considering share of imported IE: evaluating the world average energy cost of production of machinery 

(IE) which is imported (cost perspective, as for energy vectors)

➢ Studying a way to evaluate capital inputs in order to discriminate between renewable and non-

renewable EROIs inside the national one
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