
Mitigation of greenhouse gas emissions in the French winter
oilseed rape in order to produce sustainable biodiesel

The European Union decided to pro-
mote biofuels in order to decrease the
emissions of greenhouse gas (GHG) and
the importation of non-renewable ener-
gy (Directive 2003/30/EC). The biofuels
used in Europe must fulfil sustainability
criteria including a minimum saving in
GHG compared to the non-renewable
fuel (Directive 2009/28/EC). The mini-
mum saving value is 35% and will be
increased to 50% in 2017. Hence, the
GHG emissions of crops producing the
raw materials for biofuels are key issues.

In France, winter oilseed rape biodiesel
is themain biofuel. According to the Life
Cycle Assessment of the first generation
biofuels produced in France (BIO IS,
2010), the GHG saving of rapeseed
biodiesel is 59%, the cultivation of
oilseed rape accounts for more than
75% of the total emissions, and the
main GHG is the N2O emitted by soils.
However, in this study the effect of
indirect Land Use Change (iLUC) was

not taken into account. Moreover, the
GHG emissions could be calculated
each year for each grain storage com-
pany (GSC). Hence, ‘‘low GHG’’ crop
managements would probably be nec-
essary in order to achieve the 50%
saving criteria each year in each GSC,
especially if an iLUC emission value was
taken into account.

The first objective of the study was to
evaluate the possibility for each grain
storage company to achieve the 50%
GHG saving criteria in each year. The
second objective was to investigate
mitigation options: (1) improving the
efficiency of mineral N fertilization or (2)
applying organic matter (OM).

Material and methods

In order to evaluate the possibility for
each grain storage company to achieve
the 50% GHG saving criteria, the
agricultural GHG emissions were calcu-

lated with the actual seed yields and
cultural operations to produce the rape
seeds collected by each GSC, while the
same values of GHG emissions for
transport and biodiesel processing were
used for all GSC.

The GHG calculations were made for
27 GSC located in the main French
regions producing oilseed rape. In each
GSC, a survey was conducted in 2010 to
collect data on seed yields and cultural
operations. On average, about 200 fields
were surveyed in eachGSC, resulting in a
total number above 5000 fields for the
27 GSC.

The cultural operations recorded in
order to calculate the GHG emissions
were tillage (tools used for tillage and
number of tillage operations), the
application of glyphosate during the
fallow period before the sowing of
the rapeseed crop (number of applica-
tions and amount of glyphosate), the
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application of organic matter (amount
and N content) and the application of
mineral N fertilizer. The type of soil was
also recorded.

The fuel consumption for tillage, and
the resulting GHG emission, as well as
the GHG emissions resulting from the
production of tillage tools and from the
use of engine oil, were calculated using
published data on fuel and engine oil
consumptions by each type of tillage
tool, depending on the type of soil, and
on energy consumption for tool pro-
duction (Godron, 1992; ITCF, 1995).
The GHG emissions due to the applica-
tion of organic matter, as well as those
resulting from harvest, were also calcu-
lated using the data of Godron (1992)
and ITCF (1995).

Herbicide, insecticide, fungicide and
growth regulator applications were
not recorded, except for glyphosate,
because the GHG emissions resulting
from the production and application of
these products are low compared to the
total emissions. Hence, an average GHG
value for all fields could be used without
great effects on the accuracy of the total
GHG emission values. This average
value was calculated from a previous
survey on the application of chemicals
on winter oilseed rape, and from data
on GHG emissions for the production of
these chemicals (Green, 1987; Gaillard
et al., 1997). The fuel consumption, the
production of tools and the use of
engine oil to apply chemicals were also
taken into account. The glyphosate
applications were recorded, because
the resulting GHG emissions are greater
than those of other chemicals, similar to
those of some tillage operations, and
because the amount of glyphosate is
negatively correlated to tillage (more
glyphosate is applied in low tillage
systems).

The GHG emissions due to N fertiliza-
tion accounted for both the production
of the fertilizers and their application on
the fields. The emissions from the
production of fertilizers greatly depend
on the technology and on the source of
fossil energy used for this production.
Hence, the values used in this study
were typical values for the French
agriculture (Gac et al., 2009). Typical
French values for P2O5 and K2O fertilizer
production were also used, but the
amounts of these fertilizers were esti-
mated, instead of being surveyed,
because the amounts applied are often

different from the amounts needed by
crops. For instance, in soils with high
levels of P2O5 and/or K2O, farmers may
apply no fertilizers. Farmers may also
apply those fertilizers on oilseed rape
aiming both the fertilization of this crop
and of the following cereal crops.
Hence, the amounts of P2O5 and K2O
used in the GHG calculations were
estimated from the output (i.e. seed
yield multiplied by percentages of P2O5

and K2O in the seeds which are
respectively 1.34% and 1%).

The N2O emissions by soils were
estimated, using the Tier 1 method of
the International Panel on Climate
Change (De Klein et al., 2006). The
emissions of the processing of biodiesel
and of the transports were the mean
values for France published by BIO IS
(2010), which are respectively 7.1 and
1.47 g CO2 eq.MJ-1. This GHG emission
value of the processing of biodiesel is
three times lower than the standard
value of the European Directive 2009/
28/EC, because the French units of
processing are more efficient than most
European units. Moreover, the value of
the European Directive is 40% greater
than the average European value, in
order to force biofuel producers to use
real values. No other emissions were
taken into account (i.e. carbon stock
changes caused by iLUC, soil carbon

accumulation via improved agricultural
management. . .).

The GHG emissions were allocated
between the main product (biodiesel)
and the co-products according to their
energy content, as it is recommended in
the European Directive 2009/28/EC.
The GHG saving value of rapeseed
biodiesel (GHG_S) was calculated from
the estimation of the emissions of this
biofuel (GHG_B) and from the emis-
sions of fossil diesel which are 83.8 g
CO2 eq. MJ-1 (European Directive 2009/
28/EC): GHG_S (%) = 100 � (83.8 –
GHG_B)/83.8.

In order to study the year effect on seed
yield, the statistics of the past five years
were taken into account (2006-2010).
During this period, the French mean
oilseed rape yield ranged from 2.90 to
3.78 t ha-1, and the 2010 yield (3.27 t
ha-1) was quite a medium value: the
highest and the lowest mean yields
were respectively 1.16 and 0.89 times as
great as the yield observed in 2010.
Hence, the GHG emissions with 85% or
115% of the seed yields recorded in
2010 in each grain storage company
were calculated under the hypothesis
that the cultural operations were the
same (the actual operations surveyed in
2010 were used in the calculations). The
GHG emissions were also calculated
with 30 kg N ha-1 less mineral fertilizer
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Figure 1. Biodiesel greenhouse gas (GHG) emissions of grain storage companies (GSC). Control:
GHG calculations made with the actual values of crop managements and seed yields. For each
range of GHG emissions, the number of GSC showing such values is reported.
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without any effect on seed yield. The
application of 50 kg of organic N ha-1

was also studied, because this amount
could be applied before sowing with
little risk of increasing nitrate leakage.
Two hypotheses were tested: (1) the
fertilizer efficiency of organic N was the
same as that of mineral N or (2) 50%
lower, resulting in a decrease in mineral
N fertilizer of 50 or 25 kg N ha-1

respectively.

Results and discussion

The greenhouse gas emissions of bio-
diesel ranged from 30-32 to 42-44 g
CO2 eq. MJ-1 (figure 1), depending on
the grain storage company collecting
the rapeseed. Hence, in 2010 the 50%
GHG saving criteria was achieved for all
GSC except one. However, the number
of GSC failing to fulfil this sustainability
criteria would have been greater if the
iLUC effect had been taken into ac-
count. The variability of GHG emissions
was mainly explained by differences in
N applications and in seed yields. For
instance, the lowest GHG emission was
obtained with a slightly higher rapeseed
yield than the average yield of the 27
GSC (3.7 vs. 3.6 t ha-1) andwith a lower
N application (165 vs. 196 kg of total N
ha-1: 101 vs. 164 kg of mineral N ha-1

and 64 vs. 32 kg of organic N ha-1): data
not shown.

The year effect on GHG emissions could
not be directly studied from the survey
which was only conducted in one year.
The issue is about the effect of the
variability in seed yields and in cultural
operations between years apart from
the long term trends which is another
issue. In oilseed rape in France, the
variability in seed yields is one of the
greatest among the main crops culti-
vated in this country. On the contrary,
there is little variability in cultural
operations between years, especially in
the amount of N applied which explains
almost 90% of oilseed rape GHG
emissions (data not shown). Hence, in
winter oilseed rape the year effect is
mainly an effect of the climatic condi-
tions and of the biotic stresses on seed
yields. This can be studied using nation-
al seed yield statistics, as long as a short
period of time is taken into account in
order not to take into account the long
term increasing yield trend. In this
study, GHG emissions were calculated
with yields 15% lower or 15% greater

than the actual yields of the 27 grain
storage companies, which is a rough
estimate of the seed yield variability
within the past five years in France (see
the Material and methods section). A
major year effect was observed, because
in the low yielding year (85% yield) the
GHG saving was lower than 50% in half
of the GSC (figure 2A), while the lowest

GHG saving was above 54% in the high
yielding year (115% yield) (figure 2B).
These results show that ways of decreas-
ing the emissions must be found in
order to achieve the 50% GHG saving
criteria each year in each GSC.

The improvement of N fertilizer prac-
tices is still an important issue for oilseed
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Figure 2. Effect of oilseed rape seed yield on GHG emissions of biodiesel. For each range of
GHG emissions, the number of GSC showing such values is reported for calculations with
the actual seed yields (control), and for 15% less ((a), 85% yield) or 15% more yield ((b),
115% yield).
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rape cultivated in France, because
almost 50% of the French farmers do
not use any method to calculate the
amount of mineral N fertilizer that is
needed (CETIOM survey). Moreover,
some farmers who use a method apply
a higher amount of N fertilizer than the
calculated value. According to those
surveys on N fertilizer practices, on
average the application could be de-
creased by 30 kg N ha-1 with almost no
effect on seed yield. The effect of such a
decrease is shown in figure 3. It is quite
similar to the year effect on seed yield.
Hence, such an improvement in the
efficiency of N fertilization should make
possible the achievement of the 50%
GHG saving criteria for eachGSC in each
year. In France, a 10 kg N ha-1 decrease
in the application of mineral fertilizer
was observed from 1996 to 2005 (Reau,
2006) due to the development of a
calculation tool that takes into account
the N already uptaken before the
application of fertilizer. More rapid
changes in the practices are needed.
Hopefully, the obligation to reduce the
GHG emissions of oilseed rape in order
to reach the biofuel sustainability criteria
will result in an extended and in a better
use of the N fertilizer calculation tools.

The application of organic matter (OM)
may also be a way of reducing the GHG
emissions of oilseed rape, because it
replaces some mineral N fertilizer and
hence it decreases the CO2 emitted due
to the use of fossil energy to produce
these fertilizers. Moreover, the produc-
tion of fertilizers containing nitrate also
emits N2O. However, the application of
OM may result in increased N2O emis-
sions by soils. According to the Tier 1
method of the International Panel on
Climate Change (De Klein et al., 2006),
which was used in this study, the direct
emissions due to the application of
organic N are the same as those due
tomineral N fertilizer (1%of appliedN is
emitted as N-N2O). Moreover, indirect
emissions resulting from NO3

- leakage
and from NH3 or NOx emissions are
even greater with organic N than with
mineral N. Hence, the OM application
may not result in a reduction of GHG
emissions if its N fertilizer efficiency is
lower than that of mineral N. In order to
study the ability of OM application to
reduce GHG emissions, depending on
its N fertilizer efficiency, the effects of
either a same efficiency as that of
mineral N (figure 4A) or an efficiency

50% lower (figure 4B) were studied. As
expected, the application of OM is an
interesting way of reducing the GHG
emissions if its N efficiency is as high as

that of mineral N. On the contrary, an
application of OM with a 50% N
fertilizer efficiency, compared tomineral
N, results in increased GHG emissions.
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Figure 3. Effect of the amount of mineral N fertilizer applied on oilseed rape crops on GHG
emissions of biodiesel. For each range of GHG emissions, the number of GSC showing such
values is reported for calculations with the actual amount of N (control) and for 30 kgN ha-1

less (N – 30).

N
u

m
b

er
 o

f 
G

SC

14

12

10

8

6

4

2

0

50% GHG
saving

A

Control

OM 50%

GHG emissions of biodiesel (g CO2 eq MJ-1)

[46-48][28-30] [30-32] [32-34] [34-36] [36-38] [38-40] [40-42] [42-44] [44-46]
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values is reported for calculations with the actual OM and mineral N applications, and for 50
kgN ha-1 more as organic N with a fertilizer efficiency as high as that of mineral N ((A), OM
100%) or 50% lower ((B), OM 50%).
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The N fertilizer efficiency of OM is
usually lower than that of mineral N
(Leterme and Morvan, 2012). Hence,
the application of OM may not be an
effective way of reducing GHG calculat-
ed emissions, as long as the N2O direct
emission factors for organic and mineral
N are the same. These emission factors
should be reconsidered, because a
unique value for all OM is probably
not relevant. One should expect low
emission factors for OM with slow N
mineralization rates and hence low N
fertilizer efficiencies.

Conclusion

The study clearly showed that the 50%
GHG saving criteria cannot be achieved

each year, by each of the grain storage
company, without improvements of
crop management. The possibility to
reduce the GHG emissions by improv-
ing the efficiency of mineral N fertiliza-
tion was demonstrated, while the
application of organic matter appeared
to be largely ineffective because of the
way N2O emissions were estimated in
the study. Improving seed yields with-
out increasing the amounts of N
application on the fields would also
decrease GHG emissions, which seems
possible because in France the N
nutrition of winter oilseed rape is often
not limiting, while seed yield is often
limited by poor seedling emergence or
survival, root growth and/or poor crop
protection.
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