Supplementary Materials

Can Agriculture Balance Its Energy Consumption and
Continue to Produce Food? A Framework for Assessing
Energy Neutrality Applied to French Agriculture
This supporting information provides additional details on the energy conversion efficiency
calculation of biomass to fuel. There is a great variety of fuels produced from biomass. The capacity of a
fuel to produce mechanical power is commonly known as free energy and is proportional to its energy
density. Energy density greatly varies among fuels. When comparing different fuels and their capacity to
displace fossil fuels, it is crucial to use a common reference energy density for all fuels.
The energy density of crude oil is about 42 GJ/t, which is about three times higher than the energy
density of dry biomass (16 MJ/kg) including plants and manure [1]. Dry biomass can be converted to gas
and liquid fuels of different energy densities through various pathways and conversion technologies [2,3].
The energy density of biofuels produced from agricultural biomass is not necessarily comparable to that
of the fossil fuels used as inputs to agriculture. Therefore, more units of biofuel are needed to displace one
unit of fossil fuel.
Calculation of the energy recovery potential from agricultural residues in terms of oil equivalent fuel
For instance, the energy density of ethanol is 26 MJ and ethanol can be produced from crop biomass,
including grain and residues, and from manure. The energy conversion efficiency of biomass to fuel
relates to the fermentation or gasification potential per ton of dry matter (DM). For straw, the gasification
potential is 220 m3 CH4/t DM [4] which is 7700 MJ. For manures it is about 170 m3 CH4/t of DM [4] and so
6000 MJ. Considering an energy content of dry organic matter at 16 MJ/kg [1], the biomass to ethanol
efficiency from agricultural residues is about 42%. This efficiency is in agreement with the efficiency of 45
to 55% for corn fermentation to ethanol and with the efficiency of 50 % for cellulosic sugar to ethanol [1,3]
given differences in the chemical composition of feedstock. To express ethanol production in terms of an
oil‐equivalent fuel, ethanol production has to be multiplied by 26/42. This factor represents the energy
density difference between ethanol and the oil‐equivalent fuel. Accordingly, by assuming an energy
efficiency of 50 % from biomass to ethanol, the energy efficiency from biomass to an oil‐equivalent fuel is
50%*26/42 = 30%.
We use this energy conversion efficiency to assess the primary biomass equivalent of current fuel
consumption for mechanical work.
Calculation of current biofuel production of French agriculture in terms of oil equivalent fuel
Today, French agriculture produces about 100 PJ (in terms of oil equivalent) [5] of first generation
biofuels, mainly biodiesel, from rapeseed. The biomass to biodiesel efficiency is about 42‐52% [1]. We use
the rounded equivalence of 50% between biodiesel and primary biomass feedstock, meaning that the
primary biomass equivalent of the current 100 PJ French biodiesel production is 100/50%=200 PJ.
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