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Abstract
Use of renewable energy resources is regulated by EU Directive 2009/28/CE from April 23rd 2009. The reduction of the
greenhouse gas emissions coming from the biofuels and bioliquids use is calculated according to the Article 19 of the
Directive and is based on typical and default values. In this study the coefficients for sunflower crop (typical emissions
of greenhouse gas -g CO2 ech MJ-1) were evaluated at NUTS3 level (county) taking into account the pedoclimatic and
technological conditions of Romania. The evaluation of greenhouse gas emissions and of energy consumptions within
the whole production chain of biofuels and biodiesel was done by using Carbon Calculator – version 1.1 designed by
E4Tech for Renewable Fuels Agency from UK. This program was used for different crop production levels: multiannual
national average for the period of 1991-2014 provided by National Institute of Statistics; the lower level of crop
production defined as difference between multiannual average and standard deviation of crop production years; the
upper level of the crop production defined as sum between multiannual average and standard deviation of crop
production years; crop production for which the default values of crop coefficients are given in Annex V/part D. The
aggregation of information on greenhouse gas emissions (g CO2 ech MJ-1) at NUTS3 level corresponding to the fourth
levels of crop production was done as an average of emissions from each soil-terrain unit under arable land use. The
E4Tech model was then used for evaluation of spatial distribution of emissions. It was used the dependence between
typical greenhouse gas emissions specific to sunflower crop and crop yield (optimum technology: multiannual average,
multiannual average ± standard deviation; actual technology: multiannual average). The aggregation of these results
at NUTS3 level showed that the default values for typical emissions included in the Directive are not reached even in
case of optimum technology applied in favorable years for sunflower cultivation (average production + standard
deviation). The greenhouse gas emissions had the lowest values in Braila, Ialomita and Calarasi counties. The
reduction of greenhouse gas emissions within the whole chain of biofuels and biodiesel production from sunflower
cultivation, which were evaluated based on multiannual national average for the period of 1991-2014 (actual
technology) were 35% in favorable years and 11% in unfavorable years. These values are lower than the typical and
default values from Annex V/part D from EU Directive.
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INTRODUCTION

financial support for biofuels and biodiesel
consumption. These type of energy should be
taken into account if the following
sustainability criteria are met: (1) beginning
with April 1, 2013 the greenhouse gas
emissions coming from using biofuels and
biodiesel produced by instalations that were
working at January 23, 2008 are reduced with
at least with 35%; (2) beginning with January
1, 2017, the greenhouse gas emissions coming
from using biofuels and biodiesel are reduced
with at least 50%; (3) beginning with January
1, 2018, the greenhouse gas emissions coming
from using biofuels and biodiesel produced in
instalations that have begun to work at or

Use of renewable energy resources is
regulated by EU Directive 2009/28/CE of
European Parliament and of Council from
April 23rd 2009 (European Parliament, 2009).
According to the article 17 of this Directive
either the feedstocks are cultivated within the
Community territory or outside it, the energy
produced from biofuels and biodiesel is
taking into account for: the evaluation of
respecting the requirements imposed by
Directive for the national tasks; the evaluation
of respecting the obligations related to
renewable energy; the eligibility related to
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after January 1, 2017 are reduced with at least
60%; (4) biofuels and biodiesel are not
obtained from feedstock produced on lands
with high biodiversity; (5) biofuels and
biodiesel are not obtained from biofuels and
biodiesel are not obtained from feedstock
produced on lands with high carbon stocks;
(6) biofuels and biodiesel are not obtained
from feedstock produced on lands which in
January 2008 were peat bogs, excepting the
case when there are proves that there were no
soil portions drained by cultivating and
harvesting these feedstock which previously
were un-drained.
The reductions of greenhouse gas emissions
are calculated according to the article 19 of
Directive 2009/28/CE based on typical and
default values. These values are based on data
related to production and use of biofuels and
biodiesel and on the methodology included in
Annex V of the Directive.
In part A of Annex V of the Directive typical
and default values for production chains
whose elements are not specified in the
Directive are presented. These values do not
include the net carbon emissions as a result of
land use change.
According to the Directive a “typical value”
designates an estimation of a representative
reduction of greenhouse gas emissions for
certain biofuels production chain. A “default
value” means a derived value from a typical
value by applying some pre-determined
factors and which can, in some conditions
mentioned in the Directive, be used instead of
a typical value. Typical and default values of
the coefficients used in the computing
methodology of greenhouse gas emissions
from production and using of the fuels for
transports, of biofuels and biodiesel (part C of
Annex V) are detailed for processes related to
plants growth (Table 1, part D of Annex V),
its processing (Table 2, part D of Annex V),
transport and distribution (Table 3, part D of
Annex V).
The objective of this study is to evaluate at
NUT 3 (county) level the sunflower crop
coefficients of which the default values are
given in Annex V/part D of the Directive
(default greenhouse gas emissions, g CO2 ech
MJ-1, for biofuels and biodiesel production
chains) under specific pedo-climatic and

agricultural
Romania.

technological

conditions

of

MATERIALS AND METHODS
The evaluation of greenhouse gas emissions
and of energetic consumption on the whole
biofuels and biodiesel production chain was
done by using Carbon Calculator – version
1.1 designed by E4Tech for Renewable Fuels
Agency from UK. The program uses predefined sequences for biofuels and biodiesel
production chains, which may be grouped in
the following categories: (1) specific inputs
for agricultural farms and vegetal crops; (2)
pre-processing;
(3)
vegetal
feedstock
transport; (4) processing/conversion; (5)
transport of final products (biofuels,
biodiesel) to the final users.
The calculations were based on default values
of computing program for sequences 2-5,
mentioning that the feedstock transport is
done by track at 50 km distance and with
electric train at 100 km distance and the
transport of final products is done with the
tanker at 200 km distance. It was not taken
into account the direct effect induced by land
use change, it was considered that the crop
structure will not be significantly changed and
the lands under different uses (pastures,
grasslands, orchards, vineyards) will not be
transformed in arable ones.
The input parameters related to sequence 1
(specific inputs for agricultural farms and
vegetal crops) were introduced according to
pedo-climatic and agricultural technological
conditions from Romania. The technologies
for sunflower crop were provided by the
Ministry
of
Agriculture
and
Rural
Development. These were used in order to
establish the input values related to diesel
consumptions for soil agricultural tillage and
for weeds and diseases control.
The mineral fertilizers consumption was
calculated based on the coefficients from the
Code of Good Agricultural Practices
according to estimated crop yield (kg of
nutrients per tone of main crop). For
sunflower crop, the soil nutrients mean
consumption for crop yield formation (kg of
nutrients – conventional active substances per
tone of main crop yield and corresponding
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secondary yield) are 36.5 nitrogen (N), 17.5
phosphorus pentoxide (P2O5), 50.0 potassium
oxide (K2O), in a rate seeds : strains of 1:3.
The computing program for evaluating the
greenhouse gas emissions was used for the
following crop yield levels: multiannual
national average for the period 1991-2014
provided by National Institute of Statistics;
lower level of crop yield defined by the
difference between multiannual average
(1991-2014) and standard deviation of crop
yield series; upper level of crop yield defined
by the sum between multiannual average
(1991-2014) and standard deviation of crop
yield series; crop yield corresponding to
default values of crop coefficient mentioned
in Annex V / part D from the Directive.
In case of sunflower crop the multiannual
national average for the period 1991-2014
was 1210 kg/ha and the standard deviation
was 228 kg/ha. The crop yield needed for
attaining the typical value of crop coefficient
from Annex V / part D from Directive
2009/28/CE is 3600 kg/ha. Regressions
(power functions) between greenhouse gas
emissions (g CO2 ech MJ-1) and main crop
yield (t/ha) were established for the chain of
biodiesel production.
As input data for crop yield the following
values were used: (1) multiannual average
value of crop yield which was obtained in unirrigated conditions using an optimum
technology (balancing the fertilizer stress by
application of mineral fertilizers on the whole
crop growing period). These values were
evaluated by using ROIMPEL agropedoclimatic simulation model coupled with
digital soil map of Romania, at 1:200000
scale and with climatic data basis in a grid of
10 x 10 km for the time interval of 19612014. The crop yield evaluation was done for
each soil polygon under arable use (based on
geo-referenced LCCS layer - satellite data
from 2002); (2) minimum values of crop yield
which was obtained in un-irrigated conditions
using an optimum technology, evaluated as
difference between multiannual average
values and standard deviation computed with
ROIMPEL model (same conditions as at point
1); (3) maximum values of crop yield which
was obtained in un-irrigated conditions using
an optimum technology, evaluated as sum

between multiannual average values and
standard deviation computed with ROIMPEL
model (same conditions as at point 1); (4)
multiannual average value of crop yield
which may be obtained in un-irrigated
conditions using the actual technology.
The aggregation of the information related to
greenhouse gas emissions (g CO2 ech MJ-1) at
county (NUTS3) level was done for the fourth
crop yield levels as an average of the
emissions from each soil-terrain unit under
arable use.
The spatial distribution of greenhouse gas
emissions was evaluated by using the
dependence between typical greenhouse gas
emissions specific to sunflower crop and crop
yield (optimum technology: multiannual
average, multiannual average ± standard
deviation; actual technology: multiannual
average) with the following equation:

EmissionsgCO

2 echMJ

1

0.8156
 51.3 * Productiontha
1

RESULTS AND DISCUSSIONS
The spatial distribution of the greenhouse gas
emissions within the biofuels and biodiesel
production chains from sunflower cultivation
is presented in Figures 1-4.

Figure 1. Biofuels and biodiesel from sunflower seeds.
Spatial distribution of emissions from feedstock
cultivation. Multiannual average production under
optimum technology

In case of using as input data for crop yield
the multiannual average production under
optimum technology, the obtained results
showed that the level of greenhouse gas
emissions from sunflower cultivation for
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biofuels and bioliquids production exceeds
the typical value from Directive 2009/28/EC
(19 g CO2 ech./MJ) all over the arable land of
the country. The highest values are recorded
in southern part of the country (Figure 1).
In case of using as input data for crop yield
the multiannual average production under
optimum technology + standard deviation, the
obtained results showed that the level of
greenhouse gas emissions from sunflower
cultivation for biofuels and biodiesel
production exceeds the typical value from
Directive 2009/28/EC (19 g CO2 ech./MJ)
with highest values in south and south eastern
part of the country (Figure 2).

In case of using as input data for crop yield
the multiannual average production under
optimum technology - standard deviation, the
obtained results showed that the level of
greenhouse gas emissions from sunflower
cultivation for biofuels and biodiesel
production exceeds the typical value from
Directive 2009/28/EC (19 g CO2 ech./MJ), with
very high values all over the arable land of the
country (Figure 3).
In case of using as input data for crop yield
the multiannual average production under
actual technology, the obtained results
showed that the level of greenhouse gas
emissions from sunflower cultivation for
biofuels and biodiesel production exceeds the
typical value from Directive 2009/28/EC (19
g CO2 ech./MJ), with very high values all
over the arable land of the country (Figure 4).

Figure 2. Biofuels and biodiesel from sunflower seeds.
Spatial distribution of emissions from feedstock
cultivation. Multiannual average production under
optimum technology + standard deviation (favorable
years for sunflower cultivation)
Figure 4. Biofuels and biodiesel from sunflower seeds.
Spatial distribution of emissions from feedstock
cultivation. Multiannual average production under
actual technology (1991 – 2014)

The aggregation of these results at NUTS3
level showed that the default values for
typical emissions included in the Directive are
not reached even in case of optimum
technology applied in favorable years for
sunflower cultivation (average production +
standard deviation). The greenhouse gas
emissions had the lowest values in Braila,
Ialomita and Calarasi counties (Table 1).
This situation is a consequence of the fact that
the level of the crop yields for which the
default values from Annex 5 were established
are very high (3600 kg/ha), more than double
of the average production of sunflower seeds

Figure 3. Biofuels and biodiesel from sunflower seeds.
Spatial distribution of emissions from feedstock
cultivation. Multiannual average production under
optimum technology - standard deviation (unfavorable
years for sunflower cultivation)
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obtained in EU. By using these values
Directive 2008/28/CE discourages the use of
sunflower seeds for biofuel and biodiesel
production.

At national level, the arable land area for
which the values for crop are lower or equal
with that’s from Annex V/D (for which the
calculated
greenhouse
gas
emissions
according to Article 19 are within in the
sustainability criteria defined in Article 17 of
the Directive 2009/28/CE) is for the
multiannual average production obtained
under an optimum technology: 19246 ha
(1032894 ha in favorable years, 0 ha in
unfavorable years). At the level of actual
average production (1991 – 2014), there is no
any arable land area for which the values for
crop are lower or equal with that’s from
Annex V/D from Directive 2009/28/CE.

Table 1. Emissions from feedstock cultivation.
Biofuels and biodiesel from sunflower.
Typical emissions according to Directive 2009/28/CE:
19 g CO2 ech./MJ. Potential average production ±
standard deviation under un-irrigated regime. Recorded
average production (1991-2014)

CONCLUSIONS
In case of using as input data for crop yield
the multiannual average production under
optimum technology, the obtained results
showed that the level of greenhouse gas
emissions from sunflower cultivation for
biofuels and biodiesel production exceeds the
typical value from Directive 2009/28/EC all
over the arable land of the country. The
highest values were recorded in southern part
of the country.
In case of using as input data for crop yield
the multiannual average production under
optimum technology + standard deviation, the
obtained results showed that the level of
greenhouse gas emissions from sunflower
cultivation for biofuels and biodiesel
production exceeds the typical value from
Directive 2009/28/EC with highest values in
south and south eastern part of the country.
In case of using as input data for crop yield
the multiannual average production under
optimum technology - standard deviation, the
obtained results showed that the level of
greenhouse gas emissions from sunflower
cultivation for biofuels and biodiesel
production exceeds the typical value from
Directive 2009/28/EC, with very high values
all over the arable land of the country.
In case of using as input data for crop yield
the multiannual average production under
actual technology, the obtained results
showed that the level of greenhouse gas
emissions from sunflower cultivation for
biofuels and biodiesel production exceeds the

The reduction of greenhouse gas emissions
within the whole chain of biofuel and
biodiesel
production
from
sunflower
cultivation, which were evaluated based on
multiannual national average for the period of
1991-2014 (actual technology) were 35% in
favorable years and 11% in unfavorable years.
These values are lower than the typical and
default values (58%, 51% respectively) from
Annex V/part D from EU Directive. Similar
situation is in case of using as input data for
national average production under an
optimum technology: the greenhouse gas
emissions are just 44%.
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