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Résumé. Ces dernières années, à l’interface des sciences biogéochimiques, de l’économie écologique et
de l’histoire environnementale, on assiste à l’essor d’approches en termes de flux biogéochimiques, de
métabolisme de matière et d’énergie, des évolutions historiques des sociétés industrielles et notamment de
leur agriculture, passée en 150 ans de puits de carbone à émettrices de gaz à effet de serre. Ces recherches
ont  aussi  pu  mettre  en  lumière  l’existence  d’une  émission  nette  de  carbone  des  sols  agricoles  vers
l’atmosphère compte tenu de la consommation d’énergie fossile directement liée à la production agricole
(e.g., fertilisants de synthèse en azote, machines agricoles, importations de fourrages, etc…).

Dans la continuité de recherches déjà menées sur les métabolismes agricoles en France, l’objectif de cette
communication  sera  d’analyser  la  dynamique  socio-écologique  des  transformations  métaboliques  de
l’agriculture  dans  le  bassin  parisien,  plus  précisément  en  Eure-et-Loir.  Dans  ce  département,  la
spécialisation en grandes culture céréalière intensive en intrants carbonés fut particulièrement précoce, et
la mécanisation fut rapide dans l’immédiate après-guerre.

Il s’agira dans un premier temps de donner à voir l’évolution des flux d’énergie dans le système agricole
de 1929 à 2013, avec une attention particulière portée sur la période de fossilisation de l’agriculture entre
1945 et 1975. Cette analyse sera complétée par une évaluation de l’efficience énergétique de ces système
agricole et une étude de son évolution dans le temps, tout en discutant des implications d’importants
choix méthodologiques quand à son calcul.  Dans un second temps, il  s’agira d’analyser les logiques
socio-politiques  ayant  façonné  ces  trajectoires  biogéochimiques  en  s’appuyant  sur  un  corpus
bibliographique  issu  de  l’économie  politique,  de  l’économie  rurale,  de  l’histoire  des  sciences  et  des
techniques et de l’histoire environnementale.

Mots clés : Métabolisme – énergie – grandes cultures – Eure-et-Loir – machinisme agricole – EROI – 
modernisation agricole

The Great Fossil Transition of French Agriculture: Metabolic changes linked to the 
development of intensive field crop farming in the Paris Basin since 1945

Abstract. New works based on biogeochemical flows, energy and material metabolism, and studying the
history  of  industrial  societies  are  recently  emerging  at  the  intersection  of  biogeochemical  science,
ecological economics and environmental history. Some of those work focus especially on the history of
agriculture, that switched in 150 years from carbon sink to greenhouse gas emitter. Those works showed



for instance that agricultural lands are now net emitters of carbon to the atmosphere. This is caused by the
fossil  energy  consumption  in  contemporary  agricultural  systems:  synthetic  nitrogen  fertilizers,
agricultural machines, feed imports, etc.

Building  on  previous  works  on  agricultural  metabolism  in  France,  this  paper  examines  the   socio-
ecological dynamics of the agricultural metabolism in the Paris Basin, more specifically in Eure-et-Loir.
This département specialized early in intensive field crop farming relying on fossil fuels, and agricultural
mechanization also started early after the Second World War.

We will  first  analyze the time series of  energy flows in the agricultural  system from 1929 to 2013,
insisting especially on the 1945-1975 period that corresponds to the fossilization of agriculture. We will
then estimate the energy efficiency of this agricultural system over time, while discussing the implications
of the methodological  choices made in computing this  indicator.  We will  finally examine the socio-
political  dynamics that  explain those biogeochemical  trajectories  using a  corpus political  economics,
agricultural economics, science and technology studies, and environmental history.

Keywords: metabolism – energy – intensive field crop farming – Eure-et-Loir – agricultural machines – 
EROI – agricultural modernization
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1. Introduction: Energy in Agriculture

In most Western economies, agriculture now only represents a small share of GDP, including in
France where it amounts to 2.1% in 20221. Despite this, agriculture remains a crucial component
in the basis of economies,  and societies in general:  indeed, to be able to work and produce
economic value in other sectors, laborers need to be fed first. Agriculture is thus essential in
allowing the division of labor, which allowed the “modern” civilization to exist. Among other
things, like nutrients, food provides human beings with the energy needed for their continued
existence, or “reproduction of their labor power” in Marxian terms.  To sustain the rest of the
economy, agriculture must then provide an  energy surplus in the form of food, in addition to
what  it  needs  to  reproduce  the  agricultural  labor  itself.  This  energy  (or  calorie)  surplus  of
agriculture is ultimately what allows the division of labor and the existence of modern societies. 

The energy surplus is thus a good marker of the role of agriculture in societies, but how to
measure it? Agriculture does not only provide energy through food to the rest of the economy,
but also requires inputs from it. Through those inputs, agriculture also requires energy from the
rest of the economy, directly in the form of energy carriers such as fuel, or indirectly with inputs
that  required  energy  to  be  produced.  Input-output  models,  developed  by  Leontief,  allow to
account for those two-way transfers between economic sectors in monetary terms.  Similarly, the
link between a sector and the rest  of the economy can be studied in energy terms using an
indicator called the Energy Return On Investment (EROI). For a given system exchanging with
another, this indicator corresponds to the ratio of the usable energy delivered by the system to the
energy provided to the system from the other one in order to obtain it. In a more concise way, the
EROI corresponds to the ratio of energy outputs to energy inputs. If it is below 1, the system is a
net consumer of energy, and it becomes a net provider of energy to the other system if it is
greater than 1. In our case, the system is the agricultural sector, and the other system the rest of
the economy. Agriculture also exchanges energy with the environment, mainly in the form of
solar  radiation  captured  through  photosynthesis,  but  this  energy  being  “free”,  i.e.,  available
without any human work2, it is not accounted for as an energy input to agriculture in the EROI
(Aguilera et al. 2015, 5).  Using the names of energy flows from figure 1, the definition of the
EROI in the case of agriculture is:

E RO I=Energy Outputs
Energy Inputs

1 This value also includes the wood and fishing industries. From “Valeur ajoutée par branche : Données annuelles de
1949 à 2022”: https://www.insee.fr/fr/statistiques/2830197.

2 Even though the solar energy is “free”, its conversion in energy usable by humans by plant photosynthesis requires
active anthropogenic action, which is in fact crop farming.

https://www.insee.fr/fr/statistiques/2830197


Figure 1: Main energy flows between agriculture, the rest of the economy, and the 
environment.

Source: own work.

Numerous studies compute the EROI of agricultural systems (Hercher-Pasteur et al. 2020), with
different  case  studies  and  system  boundaries.  Several  among  them  focus  on  the  whole
agricultural sector of a geographically defined system, like we are doing in this paper.  Guzmán
Casado and González de Molina (2017, chaps. 5–6) find that the EROI3, both in the municipality
of Santa Fe and in Spain, decreased between the beginning and the end of the 20th century. They
confirmed those findings for Spain with a higher temporal resolution (2018).  With the same
indicators, Tello et al. (2016, table 2, p. 169) also find a decrease in the EROI from circa 1860 to
1999 in a small area of Catalonia (Spain). Studying two municipalities in Austria from 1830 to
2000, Gingrich et al. (2018, table 5, p. 945) found heterogeneous results, varying between the
locations and computed indicators, and with changes in trends over time.  Closer to our case
study, Harchaoui and Chatzimpiros (2019, fig. 5b, p. 6) find that the EROI for France remained
rather stable from 1882 to the 1950s, and then nearly doubled until 2013. The different case
studies in these works may partly explain the heterogeneity in results, but a closer looks also
reveals diverse methodological choices, that most likely play a significant role in explaining this
heterogeneity. The review from Hercher-Pasteur et al. (2020) confirms the diversity of existing
EROI  indicators,  as  well  as  the  differences  in  the  evaluation  of  energy  flows  for  identical
dimensions of agricultural systems.

The state level studies, such as the one from Harchaoui and Chatzimpiros (2019), can possibly
mask a high heterogeneity between regions within it.  Le Noë et  al.  (2018) demonstrate this

3 Guzmán Casado and González de Molina (2017) compute several EROI indicators in those chapters: the ones 
discussed here, that can be related to the indicators we are using, are the “final EROI” and “external final EROI”.



heterogeneity in the case of France, both through space and in the rhythm of change. To explore
this  heterogeneity,  one  must  choose  smaller  geographical  units,  like  regions  or  the  French
départements. To be able to link changes in energy flows and EROI to the economic, social and
political phenomena that might explain them, it is valuable to evaluate energy flows and the
EROI at a high time resolution.  Computing the EROI for these smaller geographical units for
only a handful of years – as Guzmán Casado and González de Molina (2017, chap. 5), Gingrich
et al. (2018), and Tello et al. (2015) do – only allows to describe long-term changes and not to
detect the effects of specific agricultural policies for instance. Yearly time series are ideal, but
not always feasible because of data or research-time constraints.

The different methodologies used in computing the EROI can be related to different schools of
thought, and more generally to different conceptual or political visions of agricultural systems.
Despite their differences, those schools of thought have in common the concept of metabolism: a
concept borrowed from biology that refers to the analysis of the physical (material and energy)
flows  between  the  economy  and  its  environment,  as  well  as  within  the  economy.  Those
metabolic  approaches  correspond  to  different  conceptual  or  political  visions  regarding  the
studied  (economic)  systems,  and  can  in  turn  be  related  to  different  schools  of  thought  in
scientific ecology (Bahers 2021).  Political ecology find its roots in Marxist thought, and with
regard to agriculture, especially in the notion of “metabolic rift” between man and nature Foster
(2000,  155–63).  Social  ecology  usually  promotes  a  long-term  view  relying  on  quantitative
physical and economic indicators, and finds some roots in historical “Braudelian” approaches
(from Fernand Braudel, a prominent member of the French  Annales school), with a focus on
socioeconomic  structures  (Fischer-Kowalski  and  Weisz  2016).   Industrial  ecology  can  be
associated with environmental engineering, and sets out to evaluate the efficiency of the systems
under  study,  often  in  order  to  find  ways  to  “optimize”  the  flows,  that  is  reducing resource
consumption or improving recycling (Bahers 2021).   

In this study, we explore different possibilities to compute the EROI and question: what are the
political and conceptual implications of the associated methodological choices? What are the
analytical consequences of those methodological choices, especially on the long-term trends?
Can those methodological choices lead to contradicting EROI trends for the same case study?

Our case study is the Eure-et-Loir département, a mostly agricultural area South-West of Paris,
specialized in large-scale crop farming (fig. 2). The agriculture in this area specialized early,
compared  to  the  rest  of  the  French  territory  (Le  Noë  et  al.  2018).  Since  the  agricultural
“modernization” in France happened mostly after the Second World War, our main study period
starts in 1947. 1947 is the year at which the available statistical data are estimated to be reliable
again, after the turmoil of the War. The end of our study period is 2013, the last year for which
data on agricultural machines are available in agricultural statistics. The year 1929 is used as a
reference for the pre-War situation, thanks to the trove of statistical data available for that year.



Figure 2: Location of the Eure-et-Loir département in France.

Source : Eure-et-Loir position by Marmelad/CC BY-SA.

2. Methods and Data

The nature of the energy for the flows included in the inputs and outputs when computing the
EROI can vary. We follow the concepts used by Aguilera et al. (2015, 3) and Guzmán et al.
(2014, 5).  Incorporated energy corresponds to the higher heating value, or gross energy, of a
material flow, that can be extracted from the matter itself. Note that this is different (and a bit
higher than) the energy that can be metabolized by animals by ingesting the food or feed (if the
matter is an agricultural product). Energy requirements correspond to the energy consumed for
the  production  and  delivery  of  a  product  or  service  (not  necessarily  material),  that  is  not
incorporated in the final product. Together, energy requirements and the incorporated energy (if
it exists) form the embodied energy of a flow. Since nothing exists without a cause – at least for
the systems we consider, let’s skip the ontological discussions – evaluating the embodied energy
of anything, especially its energy requirements, is an infinite recursion. With our worldly time
constraints, we cannot hope to follow this infinite recursion, we thus have to define precisely
what flows are evaluated and how. System boundaries, and the evaluation of the corresponding
input and output flows are thus all methodological choices that will affect our (imperfect) EROI
estimations.

2.1. Methodological Framework

2.1.1. System Boundaries

Since it relies on the energy inputs and outputs to and from a system, the calculation of the EROI
depends strongly on the boundaries of the considered system. As such, defining clearly those
boundaries  is  an  essential  matter  in  every  EROI  calculation  and  corresponds  to  important
methodological choices.

https://creativecommons.org/licenses/by-sa/2.5/deed.en
https://commons.wikimedia.org/wiki/File:Eure-et-Loir-Position.svg


Given the difficulties in estimating its energy consumption and our time constraints, the food
industry that processes raw agricultural products is left out if the system. Since it is a further
transformation step and every step degrades the energy efficiency of a process (from the second
law of thermodynamics), the EROIs including the food industry would be lower than the ones we
compute in this paper.  The energy output is thus the final agricultural production, including both
animal production and the share of vegetal production dedicated to feeding the population. 

Regarding energy inputs, we try to take into account as much as possible the indirect energy
consumption required to produce the agricultural inputs, thus including those industries in the
system. However the labor force in those industries is difficult to evaluate and thus ignored.
Given how energy intensive most of the industrial processes involved are – especially nitrogen
fertilizer production (Smil 2004) – the energy cost of the workforce is probably much smaller
than the other energy requirements of those industries.

The agricultural sector  per se encompasses both crop and livestock farming. Draft animals are
also considered within it, which means that their work is not considered as an energy input, and
their feed is not part of the energy output. This is an important methodological choice, and one
could make a different one: Harchaoui and Chatzimpiros (2019), for instance, consider draft
animals as external to the system. Our choice is supported by the idea that those animals would
not exist if they did not have the purpose of providing draught power. This is evidenced by the
fact  that  they disappeared when machines replaced them as the main provider of  power for
agricultural work (in its physical sense here).

2.1.2. Specificity of Agricultural Labor

The  position  of  agricultural  workers  with  respect  to  the  agricultural  system  is  a  major
methodological choice when computing the EROI. If they are considered inside the system, one
can (for the sake of simplicity) assume that they are consuming part of their own agricultural
production;  the  corresponding  incorporated  energy  is  then  subtracted  from  the  agricultural
output. If they are considered outside the system, they are just a share of the overall population
who happen to use its labor force doing agricultural work. That is the choice made by Harchaoui
and Chatzimpiros (2019) and the one we are making too. In contrast with draft animals, and
assuming demography is not affected by agricultural regimes (which is simplifying, again), those
workers would indeed still exist and still need food if they did not work in the agricultural sector.
In this case, the energy required for their sustenance is part of the inputs of agriculture.

How to  evaluate  the  energy  required  for  the  sustenance  of  agricultural  workers  is  also  an
essential  question.  Most  of  the literature only considers the energy incorporated in the food
required  by  these  workers  (Hercher-Pasteur  et  al.  2020,  10–11).  The  most  comprehensive
approach, informed by Marxian thought, would be to account for all the energy required in order
to reproduce the labor force of workers over time. Intermediary approaches can be imagined: one
could take the ratio of a total energy consumption corresponding to the working hours, or try to
subtract the energy corresponding to leisure times for instance. In order to demonstrate the effect
of this methodological choice on the EROI, we pick here two extreme approaches (regarding the
amount of energy): either only the energy incorporated in food, or all the energy required for the
reproduction of the labor force. Those two approaches are applied to Eure-et-Loir in section 3.3.



2.2. Estimating Energy Flows

Having defined the system boundaries  and the flows to  take into account,  the  problem that
remains is estimating those flows, knowing all too well that perfectly capturing the embodied
energy from all upstream processes is impossible.

Overall, the source data on agricultural production, and the quantities of each input (in terms of
mass or number of units usually), come from agricultural statistics. We collected and assembled
new data for this paper, but also relied on data already assembled by Le Noë (2018) and Le Noë
et al. (2018). To evaluate the corresponding embodied energy, we use conversion factors from
the scientific literature. For agricultural outputs, they are from Guzmán et al. (2014), and mostly
from Aguilera et al. (2015) for inputs.

2.2.1. Output: Agricultural Production

We improved the time resolution of the dataset from Le Noë (2018) and Le Noë et al. (2018) to
build yearly time series of agricultural production from 1969 on. This effort relied on databases
extracted from the  Agreste website, some being no longer available online and coming from
personal communications (for 1969-1999). The conversion factors for incorporated energy are
extracted  from the  supplementary  materials  of  Guzmán  et  al.  (2014)  and  assembled  in  the
nomenclature used by Le Noë (2018).

2.2.2. Human Labor

As discussed  earlier,  we  chose  two  estimates  for  the  energy  flow corresponding  to  human
agricultural labor. In both cases, the source data is the number of agricultural workers. More
precisely, we collected data on the number of full-time equivalents per year in agriculture, in
order to account for part-time and seasonal work. This data is collected from the reports on the
agricultural censuses from 1929, 1955, 1970, 1979, 1988, 2000, 2010 and 2020.

To evaluate the energy incorporated in the food the workers consume, we used the estimation of
the  carbon  mass  in  average  diets  over  time  from Le  Noë  (2018),  together  with  a  standard
conversion factor of 38MJ/kgC.  To estimate the energy required for the reproduction of the
labor force, we used as proxy the primary energy consumption per capita in France, taking into
account both fossil fuel and electricity consumption (from other sources than fossil fuels).  

2.2.3. Synthetic Fertilizers

We make use of the time series on synthetic nitrogen fertilizers consumption built by Le Noë
(2018).  Historicized  conversion  factors  on  their  embodied  energy  are  extracted  from  the
supplementary materials of Aguilera et al. (2015).

Organic fertilizers such as manure are not taken into account since they are mostly produced by
the agricultural sector itself, and are thus not an external input.

2.2.4. Agricultural Machines

Data on agricultural machines is provided by public agricultural statistics. Data on machine fleet
was collected from reports published by the statistical  office of the Ministry of Agriculture,

https://agreste.agriculture.gouv.fr/agreste-web/


every few years when available from 1947 to 2013, with the addition of 1929. The differing
nomenclatures (tbl. 2 in appendix) were then aggregated to a common simple one.

The  methodology  for  estimating  the  embodied  energy  of  agricultural  machines  is  heavily
inspired  from Aguilera  et  al.  (2015).  This  methodology  implies  that  the  production  energy
requirements of agricultural machines are spread evenly over their whole estimated lifetimes,
and not only accounted for on their production year. Historicized conversion factors are mostly
extracted from the supplementary materials of Aguilera et al. (2015). Time series on the average
machine  power  and  annual  hours  of  work  in  the  French  case  provided  by  Harchaoui  and
Chatzimpiros (2019, S10, fig. S4-S5) are used in order to better localize our estimates.

This paper only makes use of embodied energy estimates for self-propelled machines: tractors
and harvesters. Harvesters include combine harvester-threshers, but also forage harvesters and all
self-propelled  machines  dedicated  to  harvesting  crop.  The  fleet  numbers  for  harvesters  may
include some tractor-drawn harvesters,  since it  was difficult  to  differentiate  them from self-
propelled ones with the available data.

3. Preliminary Results

This work being still under way, this section will only present preliminary results. They hint at
the results we will get at the end of this work, but can possibly change with the estimation of the
remaining energy flows.

3.1. Agricultural Production

The specialization of Eure-et-Loir in large-scale crop farming appears clearly when comparing
vegetal and animal production (figures 3 and 4): the vegetal production is much larger than the
animal  one  for  the  whole  period.  The  decrease  of  animal  production  since  the  mid-1950s,
concurrently with an increase in vegetal production further illustrates this specialization. The
doubling in  vegetal  production between 1929 and the  2000-2010s is  also  coherent  with  the
agricultural “modernization” following the Second World War, and the associated productivity
growth. 



Figure 3: Energy incorporated in vegetal production in Eure-et-Loir4. It is not the vegetal 
output of the agricultural sector, since part of it is used internally as livestock feed. Straw is
however already excluded since it is used internally, as livestock feed or bedding.

4 In this figures and the following similar ones, the dots represent the years for which source data was collected. 
When a value aggregates several source values with different data availability, the dots were plotted according to the
most important contributor to the aggregated values over the whole time period: wheat for vegetal production for 
instance. The values between the dots are obtained through linear interpolation, but since some energy conversion 
factors are historicized, the lines are not always straight between the dots. Historicized conversion factors are also 
linearly interpolated if not available for the whole time period.

The source for those figures is always “own calculations, from the sources cited in the Methods and Data section”.



Figure 4: Energy incorporated in animal production in Eure-et-Loir.

3.2. Agricultural Inputs

3.2.1. Labor

The “modernization” of agriculture is also visible through the steep decrease in the volume of
agricultural work (fig. 5): it was divided by nine from 1929 to 2013, and by eight from 1947.

Figure 5: Labor volume in Eure-et-Loir over time, expressed in number of yearly full-time 
equivalents.



The  energy  corresponding  to  the  average  diet  changed  little  over  the  period,  from
5.0GJ/capita/year in 1929 to 4.3 in 2013. The energy incorporated in the diets of the agricultural
workforce (fig. 6) thus follows the trend of the workforce itself.

Figure 6: Energy incorporated in the food consumed by agricultural workers in Eure-et-
Loir.

The  average  energy  consumption  per  capita  nearly  doubled  from  1929  to  2013:  from
60GJ/capita/year to 114. This trend contradicts the decreasing agricultural workforce. The total
energy requirements for its reproduction were then only divided by around four between the
beginning and end of the studied time period (fig. 7). This figure also highlights the discrepancy
between the energy incorporated in food and the energy required for the reproduction of the
labor force. Most EROI studies only consider the food requirements of the agricultural workforce
(Hercher-Pasteur et al. 2020, 10–11).



Figure 7: Total energy required for the reproduction of agricultural workers.

3.2.2. Synthetic Fertilizers

The agricultural “modernization” also translates into the growing use of fertilizers following the
Second World War. The use of industrial nitrogen fertilizers increased ninefold from 1929 to
2013.  The corresponding energy requirements  only  increased fourfold  over  the  same period
(fig. 8)  since  the  energy  intensity  of  nitrogen  fertilizer  production  decreased  from  166  to
73MJ/kgN.



Figure 8: Energy requirements for industrial fertilizers used in Eure-et-Loir.

3.2.3. Agricultural Machines

As a perfect illustration of the mechanization of agriculture, the tractor fleet grew sevenfold in
Eure-et-Loir between 1947 and the early 1970s (fig. 9). This steep increase started earlier than in
France, where it happened mostly from the 1950s, and lasted until the beginning of the 1980s
(Bonneuil,  n.d.).  This  specificity  of  Eure-et-Loir  can  be  seen  as  a  consequence  of  its  early
specialization in large-scale crop farming (Le Noë et al. 2018). Eure-et-Loir was then probably
an area where the initial equipment in large and powerful tractors in the years following the
Second World War was quite significant, despite its quantitatively limited size at the national
level (Bonneuil, n.d.).

Nearly all farms were probably equipped in tractors after this initial boom: there were 14200
tractors  in  Eure-et-Loir  in  1970,  for  10563  farms.   This  saturation  of  the  market  is  a  first
explanation for the plateau reached by the tractor fleet in the 1970-1980s. From the end of the
1980s,  the fleet  starts  decreasing,  to reach 10671 tractors in 2013. The same pattern can be
observed at  the national  level  (Bonneuil,  n.d.).  This  however does not  correspond to a  “de-
mechanization”:  this  decrease  is  caused  by  the  concentration  of  land  in  ever  fewer  farms
(Ansaloni and Smith 2021), with ever fewer agricultural workers (fig. 5). This trend, however,
does not start in the 1980s: from 31394 farms in 1946, only 7940 remain in 1985, and 4318 in
2013. The plateau of the 1970-1980s is probably partially explained by that phenomenon too.

The self-propelled harvesters fleet was nearly non-existent in 1947, and grew steadily to reach a
peak of 8380 in 1979, before decreasing to reach 2506 in 2013. The peak for harvester fleet
arrives nearly a decade after the beginning of the plateau observed for tractors. This illustrates



the standard equipment process of first buying a tractor, and only then investing in a harvester-
thresher (Bonneuil, n.d.). 

Figure 9: Fleet of self-propelling agricultural machines in Eure-et-Loir.

But how is it possible to cultivate the same agricultural area with ever less agricultural workers
and machines (starting from a later year)? This apparent feat can be explained by the continuous
increase in power (and size) of agricultural machines over the studied period (Bonneuil, n.d.;
Harchaoui and Chatzimpiros 2019, fig. S4). Increased power and size should lead to higher fuel
consumption and higher energy requirements for production.

The  depletion  of  easily  accessible  reserves  leads  to  decreasing  energy  efficiency  for  the
extraction of most fossil energy carriers, and thus in increased embodied energy (Aguilera et al.
2015,  11–17).  The  improvements  in  motor  efficiency  and  in  the  energy  efficiency  of  most
production  processes,  however,  more  than  offset  those  losses.  This  leads  to  overall  energy
efficiency gains over the study period, for both fuel consumption and the energy embodied in
machines during their production.

The  changes  in  developments  between  the  fleet  (fig. 9)  and  the  corresponding  energy
requirements  (fig. 10)  result  from  those  two  conflicting  trends:  bigger  and  more  powerful
machines on one side; energy efficiency gains on the other. The total energy requirements of
agricultural machines grew more than sevenfold from 1947 to the early 1970s, similarly to the
tractor fleet.  This suggests that  the increase in machine power were compensated by energy
efficiency gains over this period. This initial growth persisted during the 1970s, while tractor
fleet plateaued. It can probably be attributed in large part to the equipment of farms in harvesters
that persisted during the 1970s. The energy requirements fell slightly between 1979 and 1981:
this may be linked to the oil shocks of the 1970s, or simply to a statistical artifact regarding the



harvester  fleet.  While the fleet  in both tractors and harvesters  declined since the 1980s,  the
corresponding energy requirements stayed more or less stable.  It  suggests that the continued
increase in machine power compensated this declining fleet.

Most of the energy requirements of agricultural machines come from their fuel consumption
(fig. 10). The energy embodied in fuel amounts for three quarters of these energy requirements in
2013,  the  remainder  being  the  energy  requirement  for  the  production  and  maintenance  of
agricultural machines.

Figure 10: Energy embodied in agricultural machines and in the fuel they consume in 
Eure-et-Loir.

3.3. First EROI Estimates

These  preliminary  results  allow  to  provide  a  first  rough  estimates  of  the  planned  EROI
indicators, mostly to see the long-term trends that seem to appear. The vegetal production is used
as a proxy of the total agricultural output. The actual output is smaller since livestock does not
convert perfectly the energy incorporated in its feed in energy incorporated in animal products
[Harchaoui and Chatzimpiros (2017)]5.

The first EROI indicators we are estimating are consistent with the definition of the agricultural
sector excluding agricultural workers. They are not considered as a special part of the population,
just as ordinary workers who happen to use their labor force doing agricultural work. The energy
required for their work is thus only an energy input to the agricultural sector, since their food is

5 We will be able to estimate the energy incorporated in livestock feed using the work done by Le Noë (2018) on 
carbon flows.



part  of  the  global  agricultural  output  that  feeds  the  whole  population  (not  only  the  local
population since part of the production can be exported to other areas).

For the first  EROI indicator –  E RO I 1 – only the energy incorporated in the food eaten by
agricultural workers is accounted for. This is the methodological choice for most of the studies
evaluating energy flows in agriculture (Hercher-Pasteur et al. 2020, 10–11).

For the second EROI indicator –  E RO I 2 – all the energy needed for the reproduction of the
agricultural labor force is accounted for.

Table  1  presents  the  preliminary  EROI  estimates  for  these  two EROIs  for  1929  and  2013,
computed using the above equations. In contrast to Harchaoui and Chatzimpiros (2019), that
have a similar accounting methodology for human labor,  E RO I 1 decreases between 1929 and
2013. This decrease is caused by the superior increase of external inputs, relative to agricultural
output. The difference with what Harchaoui and Chatzimpiros (2019) found comes mostly from
them accounting for draught power as an agricultural input: a major input in 1929 that has nearly
disappeared today.

Table 1: First EROI estimates for 1929 and 2013 and values used for their computation. 
Source: own calculations, from the sources cited in the Methods and Data section.

Energy (PJ/yr) 1929 2013

Vegetal production 22.24 47.87

Food consumption of agricultural workers 0.23 0.02

Total energy requirements of agricultural workers 2.93 0.61

Synthetic nitrogen fertilizers 1.73 7.05

Agricultural machines 0.13 2.66

EROI 1929 2013

E RO I 1
10.64 4.92

E RO I 2
4.64 4.646

6 These identical values are not a mistake, they are obtained by rounding different results obtained with different 
calculations.

E RO I 1=
Vegetal production
Food consumption of agricultural workers+Synthetic nitrogen fertilizers+Agricultural machines

E RO I 2=
Vegetal production
Total energy requirements of agricultural workers+Synthetic nitrogen fertilizers+Agricultural machines



E RO I 2, however, stays the same in 1929 and 2013 (but may change between those two years).
This stability compared to E RO I 1 can probably be explained by the important decrease in the
total energy requirements for the reproduction of agricultural labor. Despite the doubling of the
average energy consumption per capita, the collapse of the agricultural workforce led to a major
decrease  in  the  energy  requirements  of  agricultural  labor  (figs. 5,  7),  that  compensated  the
growth of the energy requirement of other types of inputs (relative to the growing agricultural
output).

Even  if  those  results  are  only  preliminary  ones,  they  demonstrate  the  major  effects  of
methodological  choices  regarding  the  EROI  on  its  changes  over  time.  These  choices
corresponding  in  turn  to  schools  of  thought  and  political  standpoints,  they  must  be  clearly
evidenced and their implications discussed. From a different standpoint, that can be justified as
well,  the  energy  efficiency  improvement  during  the  “modernization”  of  agriculture  brought
forward by Harchaoui and Chatzimpiros (2019) do not seem so indisputable. Depending on one’s
views of what is agriculture and what purpose it should serve, the results of quantitative studies
and the derived recommendations for the future of the agricultural sector could change entirely.
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Appendix

Table 2: Data sources and number of categories of agricultural machines available for each
year. Note that not all those categories are used in our work.

Time period Number of categories

1929 114

1947 20

1952 22

1957, 1960 20

1962 15

1967 19

1968 20

1969-1979 database 10

1980-1989 database 22

2000 7

2013 18
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