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Abstract

Energy Return on Investment (EROI, sometimes EROEI) is one of the most important indices for evaluating the efficacy of
a primary energy source. It is generally defined as the relation between the energy extracted from a given resource and the
energy costs diverted from society to extract it. In this paper, the EROI of 30 oil companies was calculated using the CO,
emitted by the companies and declared in Sustainability and/or Annual Reports as required by law, to estimate the energy
used for the production process over a time span of 20 years (1999-2018). The resulting EROI estimates for the companies
analyzed are rather homogeneous and, except in some cases, these values are relatively constant over time. These values

agree (although sometimes somewhat lower than) estimates derived by other methods.
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Introduction

One of the most relevant indexes used to measure the qual-
ity of an energy resource is Energy Return on Investment
(ERQI). Studies in this field are flourishing and this index—
the basis of which is well defined in Hall (2017a)—shows to
be a robust way to understand what are the global trends in
the energy field, especially for the oil and gas sector (e.g.,
Guilford et al 2011; Hall et al. 2014).

The relevance of the oil and gas sectors to modern econo-
mies and indeed civilization is fundamental: as the BP sta-
tistical review data shows, for recent years the total amount
of petroleum consumption is quite high and, with a dip
attributed to Sars-CoV-19, still increasing, with petroleum
contributing 67% for 2017 and for 2018. However, knowing
what the oil companies' EROI’s values are, is fundamental
to understanding how much time we have to accomplish
an energy transition to renewables sources (Sers and Victor
2018). This is fundamental, also due to the strong social and
scientific pressures linked to climate change and because
of eventual oil depletion. The world is still using a large
amount of energy that comes from traditional fossil fuels,
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as shown in the BP data and what the World Bank has called
“the Total Natural Resources Rent” (TNRR). The econo-
mists have traditionally dismissed the importance of fossil
energy to the economy because it is “only” some 5 to 10
percent (or less) of GDP (Aucott and Hall 2014). However,
as pointed out in Melgar-Melgar and Hall (2020), energy is
critically important to our economy because it is cheap, i.e.,
you can get a great deal of economic production for very
little expenditure relative to labor or capital (Kiimmel et al.
2015). As the price of energy rises and falls, it becomes
a more or less important component of GDP but at least
recently, it is always cheap, if compared to its critical role in
economic production.

The World Bank annually edits and updates the TNRRs
(Total Natural Resource Rents) of individual countries and
on a global scale, measuring this rent as a percentage of
GDP. Methodologically, the total includes fossil fuels, min-
erals and forests, and the rent itself is defined as the differ-
ential between the regional price and the cost of extraction.
If we overlap the graphical index of the period 1970-2019 to
that of the price of oil in the same period, as shown in Fig. 1,
they are almost identical. Minerals and forests are "intangi-
ble" with respect to fossil fuels; coal has a predominantly
local consumption (in 2015 world exports amounted to 19%
of production) and the price of gas over time is still very
largely dependent on the price of oil as it changes over time.
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Fig. 1 Graph shows the coupling between the total natural resources
rent—expressed in percentage of GDP—and the oil price (World
Bank® and BP data). “More precisely what is classified with the code
NY.GDP.TOTL.RT.ZS and named “Total natural resources rents (%

This data—in addition to geopolitical considerations that
go beyond this article—should be sufficient to demonstrate
the fundamental importance of oil not only in world econ-
omies in a general sense but also in determining the rent
(linked to GDP) of other natural resources.

Figure 1 shows the coupling between TNRR and oil
prices during the 1970-2019 period. !

The recent Sars-CoV-19 pandemic has shown how differ-
ent the vision can be between an economic point of view and
a biophysical point of view as also Habib et al. (2020) and
Albulescu (2020) have shown. During the global lockdown,
with a worldwide economy frozen, the oil price—I take
Brent as an example—fell, in April 2020, to 18.47 $/barrel
(source: Europe Spot Brent Price crude oil), with an average
decrease of — 34% compared to the previous year (the aver-
age values of the prices went from 64.35 $/barrel to 41.70
$/barrel). In April 2020 some media headlines their articles
as follows: US Oil Prices Fall below Zero for the First Time
in History, with the two lines of explanation that cannot be
more eloquent: "Oil prices went into negative territory on
Monday. That means traders were paying money to get peo-
ple to accept oil in May. It's a sign of just how imbalanced
the global oil markets are". This, as we can well guess, has
nothing to do with the biophysical aspect of the oil, which,
if it is not extracted or sold, does not affect the quantity

! I am indebted to Massimo Nicolazzi for information relating to the
TNRR, which can be found in Nicolazzi (2019), pp. 113-114.
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of GDP)”. The aggregation method, the statistical concept, and the
methodology are explained on the page https://databank.worldbank.
org/metadataglossary/adjusted-net-savings/series/NY.GDP.TOTL.RT.
A

available. More generally, Hall (2017b) describes the need
to distinguish the biophysical aspects of EROI measurement
from the economic ones.

The first generally accessible study on the EROEI of fos-
sil fuels was Cleveland et al. (1984), which used official US
government data on industrial energy production to estimate
the energy gained and required for US oil production. That
study used official US data on the energy used directly for
different industries and the energy used off-site to gener-
ate equipment used on-site. The latter was derived from an
economic analysis of monetary expenditure by sector and
an energy intensity factor, as outlined in Murphy and Hall
(2011). Data derived from this method are summarized in
Murphy et al. (2011) and Hall et al. (2014).

Our calculation method is an alternative approach, fits
between these and, as demonstrated in Celi et al. (2018), the
values are sufficiently homogeneous with those determined
by other methods.

Methods

The calculation method, already described in Celi et al.
(2018), is possible because oil companies declare a certain
amount of CO, emissions for their oil and gas production.
If we imagine "burning" all the oil produced, we get a cer-
tain amount of CO,, which was used as the numerator of
the EROI index. Having available the CO, emissions that
are given for that production, that value can be put in the


https://databank.worldbank.org/metadataglossary/adjusted-net-savings/series/NY.GDP.TOTL.RT.ZS
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denominator. Then the CO, volumes of the product and the
incoming fuel was used to determine the energy used by the
EROI of the oil companies, which is called EROI ., given
as a ratio:

EROIINC = COZprod/ Co2emiss (1)

where CO,,,4 is the oil production in CO, equivalent and
CO,emiss denotes the emissions, always in CO,, to obtain
that production. First, the volume of CO, released when the
company's oil production is eventually burned was calcu-
lated. This will be the numerator of our energy performance
ratio. To make this calculation, we note that the basic oxida-
tion reaction that produces carbon dioxide during the com-
bustion of fossil fuels is as follows:

CH, + 3/20, — CO, + H,0 )

For the sake of simplicity, we further assume that oil is
a collection of (~CH,—) molecular units, i.e., that the main
contribution to CO, production comes from oxidation of
(-CH,—) monomers, while that due to other sources (-CH;
groups, aromatic units, etc.) provides only a minor correc-
tion to the whole CO, production. Therefore, multiplying
the weight of the yearly oil production of a company by
the ratio between the molecular weights (MW) of CO, and
—CH,—, i.e.,

MW[CO,]/ MW[-CH,—] =43.99/14.03 = 3.14 3)

We obtain the CO, quantity corresponding to the produc-
tion. This number will provide the numerator of the EROIy
in Eq. 1. The denominator of the EROI, the CO, equivalent
emissions due to the oil and gas production, was derived
directly from the Sustainability Reports (SR), which often
report it as data. For the conversion between barrels of oil
and the corresponding weight in kg, it is necessary to know
the oil density rho (p).

For this purpose, we take the average worldwide value?
of p=863 kg/m>. This assumes that oil is a globally homo-
geneous chemical (or at least that it is the same mix for all
companies) mixture with the same composition and proper-
ties, namely containing the same mixture of hydrocarbons.
This approximation is consistent with the generally accepted
use of international oil statistics, to report the sum of the
volumes of different categories of oil (crude and condensate,
NGL, light tight oil, etc.) and, for our purpose, gas.

I derive the ratio of oil to gas production directly from
the Sustainability Reports (SR) or/and Annual Reports
(AR) published by oil companies as a data source. In these
reports, there is often a lack of differentiation between oil

2 For the method of calculation, see the Appendix 1, in Celi et al.
(2018).

and gas production data, often indicated in BOE (barrels
of oil equivalent)—both for oil and gas production—and
more rarely in BTU or other measurements units. What we
found in the SRs, dividing oil and gas, is a prevalence of
oil production (67% of the total quantity for the companies
analyzed) compared to gas (33%), with respect to global pro-
duction. These percentages are slightly different if compared
with the BP Statistical Report which, for the entire world-
wide hydrocarbon production estimates the division between
59% of oil production and 41% of gas (always considering
the 100% the total amount of production). This because the
analyzed companies do not constitute 100% of world produc-
tion, but about 60%, with fluctuations that vary from year to
year, as we can see in Fig. 3.

Another potential margin of uncertainty is linked to
emissions (which go to the denominator of the EROI). I am
almost certain that those declared in the company reports are
in fact direct emissions—therefore linked to production (and
some more virtuous companies distinguish between direct
and indirect). What somehow guarantees the quality of the
data is, in this sense, their low variability: the data provided
by the companies is relatively constant from year to year.

This approximation is inevitable for deriving corporate
EROI using this method. Its potential importance was exam-
ined for the results in the later section on sensitivity analysis.
The correction of the final value of the EROI in most cases
is less than one percentage point, which is not significant
for this analysis.

However, the differentiation between oil and gas for this
calculation ultimately leads to a correction of the final value
of the EROI in many cases of less than one point, which, for
the purposes of this estimate (which is also qualitative), does
not make sense to establish. In particular, this correction of
the EROI values, due to a different quantity of emissions for
the production of oil and gas, led to lower values—compared
to the previous ones without corrections—of less than 10%.
Only in the case of four companies, with a prevalence of gas
production compared to oil, at higher values, but always with
values below 10%.

To summarize, the numerator was calculated starting
from the oil and gas production values reported in the com-
pany reports (AR or/and SR) in BOE, which was then con-
verted into energy units (petajoules, PJ). The denominator
was calculated with a double-conversion:

e the first, by converting the CO, release values derived
from the emissions declared by the companies (again in
the AR or/and SR) to the corresponding energy (to gener-
ate those emissions), in BOE;

e the second, converting, as for the numerator, this energy
into PJ.
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In Appendix I, for each of these companies, the data
source and, where it was possible, how I made up the lack
of data have been briefly described.

A Calculation Example

The CO, reporting allows us to derive the denominator of
the EROI equation, and production statistics (in barrels
of oil and cubic meters of gas) allows us to calculate the
numerator, the only problem being different units. CO, was
converted to energy as BOE, or barrels and cubic meters to
BOE or Joules or CO,, or everything to Joules or everything
to CO, as long as the units are the same and proportional to
the energy produced and used. I have chosen to convert both
CO, and barrels of oil to energy for the equation as follows,
choosing, among the Sustainability Reports available, one
of the clearest—the Shell reports—which we use here as an
illustrative example. Shell oil production in 2015 was:

3% 108 [barrels/day], corresponding to a total mass of oil
of:

M,;;=3X 108 [barrels/day] x 365 [days/year] =1 095 X 100
[barrels/year].

This value must be converted into energy: we know
that 1 barrel of oil contains on average 6.118 x 10° J and
therefore Shell's annual production for 2015 amounts to
approximately 6 700 PJ. This value constitutes the numer-
ator of our calculation.

For the denominator we must instead perform the
inverse calculation because we have the value of the CO,
emissions necessary for the production of oil and gas.

The question we must answer is therefore: how much
energy does 68 million tons of CO, equivalent correspond
to (data taken from the Shell Sustainability Report for
2015)? We calculated the value of the average density
of 0il p =863 kg/m>; we also know that a barrel of oil is
about 159 L or 0.159 m? and finally we know from [3]
that the ratio between the molecular weights between CO,
and CH, is 3.14. This allows us to trace the amount of oil
equivalent, at least in theory, to the emissions supplied
by Shell, namely:

Where do the Emissions Come From?

I continue to use Shell as a useful example to describe the
genesis of emissions expressed in a single number by com-
panies. Shell helps us because in the latest reports it has
broken down its emissions by country and by source. In the
graphs below (Fig. 2a, b) we report these subdivisions for
the five-year period 2016-2020.

Boundaries of the Analysis

A key aspect to compute correctly the EROI is to determine,
as described in Murphy et al. (2011), the boundaries of the
observed system. In this specific case, it is a question of
understanding what we consider in the calculation of the
energy invested in the denominator. Murphy et al. (2011)
offer excellent indications for practically orienting oneself
in this type of calculation and certainly, accepting their
methodological invitation 10 years later, we can say that the
boundary of the system we are considering is the one that
includes the three levels described in Fig. 1 of their article:

e level 1: energy extracted and not processed;

e level 2: processed (/ refined) energy;

e level 3: energy available for work, heating, etc. (therefore
available to society as a whole).

The reality of world oil companies, as already seen in Celi
et al. (2018), is very complex: there are private multinationals
that work all over the world, not knowing state borders; there
are state-owned companies that make up the GDP of an entire
nation and, in between, there are a thousand other companies
that extract but also refines petroleum products, while oth-
ers do practically only refining services or other petroleum
by-products. It is practically impossible to provide homoge-
neity criteria and therefore the method basically consisted in
treating the companies themselves as black boxes and bas-
ing the calculations only on what they themselves declare in
their reports. All this without counting the economic-financial

68 x 10° kg CO,eq|/(863.6[kg/m’| x 0.159[m’/ barrel| X 3.14) = 157 x 10°|barrels/year|

At this point, we just have to multiply this last result
by the value of the denominator, which allows us to have
the corresponding Joules:

157 x 10° barrels/year| x 6.118 x 10°J = 960 [P /year|.

Shell's EROI for 2015 is therefore: 6,700/960 ~ 7:1.

@ Springer

aspects that we have deliberately left aside in this discussion:
in 20 years there have been mergers, mergers, acquisitions, and
state-owned companies that have almost gone bankrupt fol-
lowing civil wars, as in Venezuela. It was, therefore, necessary
to make some drastic choices in order to make comparisons:
the boundaries are those described—which coincide with what
the company claims to do within its gates—and the data is
simply oil/gas production and the emissions corresponding to
these productions.
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(a) Shell emissions 2016-2020 by country
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Fig.2 Shell emissions subdivided by country (a) and by source (b)

Results

The average EROI for the 30 companies from 1999-2018
is almost a constantly 11 (+1):1. When those EROI values
are weighed by the oil production of the company under con-
sideration the mean value is about 10 (+1):1, indicating that
larger producers tend to have lower EROISs (Fig. 3). There is
no clear change over time, although a tendency for some com-
panies to decrease slightly (Appendix). The EROI values and
the trends over the twenty years are exceptionally stable. Half

ions 2016-2020 by source
T

[ Combustion
[ Flaring
[ Venting and process

2018 2019 2020

of the 30 companies examined have an average ERO], in the
20 years examined, of less than 10:1. 12 companies have an
EROI between 10:1 and 15:1 and only 3 between 15:1 and
20:1. None has an average EROI greater than 20:1 (Fig. 4).

The result of Fig. 3 arises from the EROI values calcu-
lated on the 30 companies analyzed, as shown in Fig. 4 and as
described in more detail for each individual company in the
appendix.
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EROI values worlwide calculated for the first 30 oil companies - 1999-2018
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Fig.3 EROI value calculated for the 30 companies examined, both
with a simple mean (in green) and with a weighted mean (in blue).
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Fig.4 EROI value calculated for the 30 companies examined

Discussion

One of the striking aspects of this analysis lies in the fact
that many very large western "historical" companies such
as Shell and BP have low EROI values throughout the
twenty years under examination. This aspect seems not to
be linked to particular factors: if we take for example Shell,
a company among the most transparent and which offers a

@ Springer

1 |
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lot of information on its activities, we notice that its EROI
makes a small leap between 2015 and 2016, going from
6.8 to 8.6.

Behind this increase seems to be the acquisition of the
BG Group by Shell, for an investment of 53 billion dollars.

Despite this, the EROI of the company does not change
radically. Then it may be useful to check another parameter:
the production costs.
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Fig.5 Upstream oil and gas investment and operating costs, by region ( source: IEA, 2013)

Production Costs Analysis

Many factors that affect oil and gas production costs and
IEA (2013) makes a brief summary that is worth reporting:

e the resource category to be exploited, which defines
the necessary infrastructure and production processes,
e.g., large conventional oilfields, deepwater develop-
ments, energy-intensive steam-assisted gravity drainage
processes for in situ oil-sands production, the high well
costs for tight gas, the depth and thickness of coal seams
or coal-to-liquids (CTL) conversion;

e location of the reservoir, e.g., onshore or near-shore res-
ervoirs versus ultra-deepwater offshore or Arctic fields
and distance of coal reserves to the power station or the
export terminal;

e furthermore, exploration (finding), development and
operating (lifting) costs depend on the specific chal-
lenges of a particular resource category, and the region
and reserves to be developed. The future trajectory of
these costs will be affected by two opposing factors: (1)
the development and use of new technologies to facili-
tate access to more resources and help reduce unit costs;
(2) the depletion of basins that increases the effort and
expense needed to extract additional resources. (IEA
2013, pp. 225-226).

The costs indicated by the IEA, divided by type, ranging
from a few dollars a barrel to 30 $/barrel for conventional
oils. Costs rise for conventional oils from the Middle East
and North Africa (from 10 $ to 30 $/barrel approximately);
other conventional oils (which can reach up to 70 $/barrel)
up to arctic and ultra-deepwater oil (with an upper limit of
up to 100 $/barrel).

As we can see from this small list, costs fluctuate a lot
and from a historical point of view, production costs have
fluctuated as the cost-increasing effects of exhaustion versus
the cost-cutting effects of technological progress influence
them. While evaluating aggregate production costs—i.e., not
divided according to oil & gas companies—is not simple and
this estimate involves non-negligible uncertainties (Aguil-
era 2014), it may be useful to compare the data provided
by the companies with those present in the literature. For
example, if we look at the graph showing the costs of oil
production compared to the recoverable quantities (Aguilera
2014, Fig. 3), we observe values that range from about 25 $/
barrel for "easy" oil (OPEC Middle East), up to over 120 $/
barrel for Coal to Liquids (CTL) technologies. For gas (Agu-
ilera 2014, Figs. 4, 5) things are only slightly better: they
range from a value that is between 15 and 20 $/MCF (one
thousand cubic feet) for conventional gas, up to over 45 $/
MCF. Estimates have been made for OPEC countries>—now
somewhat dated but still included in the period 1999-2018

3 Al-Attar and Alomair (2005).
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Fig. 7 EROI vs. production costs for the British Petroleum (BP) Company

analyzed—divided by low-cost E&P (exploration & produc-
tion) countries (costs equal to or lower than 4.6 $/barrel),
countries with average E&P cost (between 4.6 $/barrel and
8.5 $/barrel) and countries with high E&P cost (more than
8.5 $/barrel. These are too in line with the values found for
individual oil companies.

To all this is added geography: production costs also
depend on the region in which the fields are located. Fol-
lowing the IEA data (2013) we, therefore, find the following:

@ Springer
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Other studies (e.g., McGlade and Ekins 2015; Miller and
Sorrell 2014) confirm the variability of this data.

Oil Companies’ Production Costs

If we compare BP and Shell—which are among the com-
panies that have a low, single-digit EROI—we can com-
pare their EROI values and oil (and gas) production costs as
shown in Figs. 6 and 7.
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Fig.8 EROI vs. production costs for the Statoil/Equinor Company

In comparison, the Norwegian Statoil/Equinor Company
has very different characteristics: decidedly lower production
volumes but among the highest values of EROL. (Fig. 8).*

These graphs suggest two things:

1. first of all that there is no inverse proportionality
between production costs and EROI: we expect it and it
is also part of our working hypothesis, which tends to
separate the economic aspects from the energy ones and
considers the EROI an index purely biophysical and for
which the calculation methods must be of that nature.

2. Secondly, if we extend the analysis to all the companies
for which we have found the production costs, we see
that, although there is no strict correlation between the
two quantities, we are faced with two precise dynamics.
The first that we could call "inversion dynamics" shows
(i.e., Fig. 6) that companies with high EROI values have
rather low production costs and vice versa (companies
with low EROI values show high production costs). The
second dynamic could be called the "dynamics of par-
ity" for which the two values seem to go numerically
hand in hand: as much is the value of the EROI as is,
approximately, the cost of production (average, over the
twenty years analyzed) of a barrel of oil for that com-
pany. Finally, even if 15 $/barrel as the average value of
the production cost (i.e., Sinopec datum in Fig. 9, even
if partially, due to incomplete data available) may seem

* Even if these are newer fields, in time their EROIs will probably
fall off (Grandell, Hall and H66k, 2011).

2010 2012 2014 2016

high, it must be remembered that the average selling
value of oil in the period 1999-2018 was 72 $/barrel.

These observations remain of a general nature and are in
some way to be considered "crude": out of 30 companies, the
values of production costs over the twenty years have been
determined for only 21 of them. Of these 21, in some cases,
the data are incomplete and should be taken as an estimate
(see the detail in the text box of Fig. 9).

On the other hand, what can be said as an overall obser-
vation is that the EROEI, as we have seen, is remarkably
constant over time. This seems to indicate that the effects of
improving technology and exhaustion are effectively cance-
ling each other out, without a clear-cut trend.

Furthermore, this result seems to suggest indirectly the
“biophysical” independence of the energy resource from
the fluctuations that occurred in the oil’s price along the
twenty-year period under examination (and 2020, the year
of Sars-CoV-19, has shown it). Using a biophysical proxy
for this calculation, as is carbon dioxide, therefore seems
more reliable than other proxies used by other researchers
(Court and Fizaine 2017) for the EROI calculation.

The EROI of these companies seems somewhat slightly
lower compared to many mean values in the literature (e.g.,
Hall et al. 2014). This is also true for the mean, but not the
downward trend, found for private companies by Gagnon
et al. (2009). How do such modest values, similar to values
thought minimally required to run modern societies (Hall
et al. 2009; Lambert et al. 2014) still support society? To
answer this question it is necessary to resort to the concept
of net energy gain (NEG) which is what society "feels" for

@ Springer
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®Sinopec(***) Reliability index on production costs data:
for many oil companies the production costs are not present in the reports available to the public
and, in some cases, not even in the financial ones (not even in the historical archives of
L institutional bodies such as the SEC - the U.S. ities and Exchange C ission).
14 For this we have classified the lack of data with asterisks and in particular on the twenty years analyzed:
— ®Petrobras(*) (*) = the production costs (PC) are absent between zero and 5 times: 0 <(*)<= 5;
S_’ (**) = the PC are absent between 5 and 10 times: 5 <(**)<= 10;
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Fig. 10 Relationship between EROI and NEG (Euan Mearns diagram, who called it the energy cliff)

its functioning. The relationship between EROI and NEG is
known and in particular:

EROI = ER / EI 4)
where ER =Energy Return and EI =Energy Investment, and

NEG = ER — EI 5)

@ Springer

Isolating the term EI in [4] and replacing it in [5] with a
few simple steps we obtain:

NEG/ER = 1 — (1/EROI) (6)

This relation, which is a function of the EROI, is what
is actually of interest because it offers the measure of the
dependence that exists between NEG and EROI, as shown
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Table 1 Comparison between the different studies

Extension Range Proxy used

This study Worldwide 1999-2018 CO, emissions for the production of oil and gas (representative in
the period considered of a production quota ranging from 60 to
65% of the world one)

Gagnon et al. 2009 Worldwide 1992-2006 Monetary expenditures for all publicly traded oil and gas companies

Guilford et al. 2011 US.A (1919)-1972-2007 Data analysis from the United States Bureau of the Census of Min-
eral Industries, the Energy Information Administration (EIA), the
Oil and Gas Journal for the years 1919-2007 and from oil analyst
Jean Laherrere

Court and Fizaine 2017 Worldwide 1800-2012 Price-based methodology

Fig. 11 Estimation of the values 0 EROI values: comparison different

of EROI between the different Pt e e

studies Goma ruanezoir

40—

30

EROI values (comparison between different studies)

A
mwg \

+ EROI Court & Fizaine 2017

N\
N

1 EROI Guilford et al. 2011

1 EROI (simple mean, this study)

1995

in Fig. 10. What appears evident is the non-linearity of the
process.

As can be seen for EROI values up to 5:1, only about
20% of the energy expended, EI, is a small fraction of the
total energy produced. For an EROI =100, EI is equal to
1% of the total, for an EROI =20 EI is still low (equal
to 5% of the total), for EROI=10 EI rises to 10% and
rapidly increases up to 100% for an EROI =1 where the
energy source ceases to be such. The worrying aspect of
this story is therefore the “energy cliff” that society faces
if the EROI values keep going down. The reasons for the
desired energy transition are therefore two and can be con-
sidered as priorities in the same way: the first is the one
just described and the second—on an equal footing—is
that linked to climate change, which will only make things
worse.

Finally, we can try to make a graphic comparison between
the results obtained from this analysis and others present
in the works cited (Fig. 11). Among these, the study that
seems to have some continuity with the present work is that
of Guilford et al. (2011), although there are some differences
that should be borne in mind, summarized in Table 1.

2000 2005 2010 2015
Time

Taking into account the differences shown in this table,
the studies that show very high EROI values are those that
have the oil and gas economy as a basis (proxy) for the
calculation (Gagnon et al. 2009; Court and Fizaine 2017).
Instead, the two studies that are based on a biophysical
proxy—such as CO, (this study) or data that come from
government realities with indications on physical resources
(and not on their price)—show much lower values.
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