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Why is this important?

Contradiction between the 
goals of the Paris agreement 

and plans to increase oil 
production 

available, high quality, and 
cheap petroleum

Considering the degradation 
of reservoir quality, how 

efficient will it be to 
continue extracting oil?



How has the impact of oil extraction and the 
valuation of resource depletion been analyzed?
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multi-criteria analysis

multi-scale integrated analysis
of social and ecosystem 

metabolism (MuSIASEM)

input-output analysis

exergetic analysis

"Emergetic" analysis

It is the energy that is available to be used

Energy forms are different, they produce the 

different maximum amounts of work 

(Whiting, et al., 2017).

Exergy possesses an intrinsic and direct 

correlation with economic values



• ERC: sustainability of non-renewable resource depletion. 

• It measures the amount of exergy society would have to 
expend if forced to re-capture and re-concentrate dispersed 
minerals into a usable deposit.

• EROI: Amount of energy invested in producing a unit of 
energy.

iiii ccchchii bkbkbERC +== *

(2) 

Where; 

*

ib
=ERC of compound i 

ichb
=chemical exergy of i 

icb
=concentration exergy of i 

ii cch kk ;
=are dimensionless parameters, are the chemical (formation) and concentration exergy 

costs when the best available technology (BAT) is used to respectively form and concentrate i. 

According to Valero & Valero (2014: 282),  

How do we quantify the 
loss of quality of oil fields?

Exergy Replacement Cost + EROI

Energy cost= chemical exergy + EROI



What has 
been said 
on this 
subject?

Accounting of non-fuel mineral depletion at global (Capilla
& Delgado, 2014; Valero & Valero, 2010; Valero y Valero, 
2011), 

Regional (Calvo et al., 2016; Palacios et al., 2018), 

National (Carmona et al., 2015; Valero & Valero, 2015; 
Calvo et al., 2015) 

Product scale (Valero, et al., 2016). 

Loss of mineral wealth in Latin America associated with 
mineral extraction in 2013 (Palacios et al., 2018). 



What is the 
contribution 
of this study

Theory: 
Determination of 

energy cost 
considering quality 

loss of oil

Methodology: to 
calculate the 

energy cost and 
the loss of oil 

quality using an 
adaptation of ERC 

and EROI.

EROI as an 
indicator of quality 

loss.

Empiric 
Application: It will 

develop the 
analysis in a period 

2006-2020



Methodology: 4 steps

Data gathering of 
oil extraction for 
the period 2006-

2020

Transformation 
into chemical 
exergy terms

Estimation of the 
EROI as a 

degradation factor

Estimation of the 
energy cost of oil 

extraction in 
Ecuador



Data

Data required Source

Oil production (2006-2020) National Energy Balance 2019 issued by the 

Ministry of Energy and Non-Renewable Natural

Resources.

Chemical Exergy (45.5 GJ/ton= Fuel-oil 2)
I will use the HHV of fuel-2 calculated by Valero & 
Valero (2014)

Factor of degradation = EROI Amores et al. (2020) and Murphy (2019)

- From oil exporter to net importer

-2006-2020 was an 11%

-oil exports represented 49% (2019) 

-oil revenue which represented a 
42% 

-oil represents the 81% of the 
energy matrix (2009-2019)
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2006 2040

43:1

25:1

2020

1:1

EROI

Extraction

• In 2006, we needed in barrels of oil to 

obtain 43 barrels, and the energy cost was 

1,43 (Mtoe); in 2020, if we invested 1 

barrel of oil, we got 25 barrels, and the 

energy cost was 11,9 (Mtoe). 

• BAU scenario applied in this thesis by 

2040, we will get to the point where with 

1 barrel of oil, we will obtain 1 barrel of 

oil 1. 

Results



• In 2032, the quality of the fields will decrease to the point that it is not efficient to keep extracting the resource.

• The EROI= 9:1; this value is close to the minimum EROI found by Fizaine & Court (2016), which was 11:1. But it

is higher than Hall et al. (2009) EROI required was 3:1.

• This finding agrees with the study of Espinoza et al. (2019), which developed Hubbert-based models to project

future oil extraction in Ecuador and concluded that Ecuador could become a net oil importer between 2024 and

2035, depending on the model and demand scenario.

Results

Energy Cost vs. oil income in Ecuador 1972-2040



Future 
research

1) Energy tax to internalize energy costs 

2) Energy and economic efficiency of oil-
exporting countries in Latin America

3) Environmental productivity Analysis: an 
illustration of the Ecuadorian Oil Industry


