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ABSTRACT: Achieving the international goals for climate and resource protection is a more and more important task 
in the 21st century. To assess GHG reduction potential of bio-based products and bioenergy specific data and a pro-
found knowledge about how to calculate are necessary. The evaluation of rapeseed production in Bavaria pointed out 
that GHG emissions and nitrogen balances show significant farm-specific and site-specific differences. For example, 
farm-specific GHG emissions range from 0.541 to 1.039 kg kg-1 rapeseed. Influencing key factors are the site-specific 
biomass yield and the nutrient management. In this context a needs-based using of organic fertilizers is one important 
factor to reduce GHG emissions in cultivation rapeseed. Default values e.g. specified by RED are not practicable for 
deriving recommendations for action. Related to the chosen method for evaluating N2O-field emissions and co-
products default values by RED describe the GHG emissions for rapeseed oil fuel from Germany insufficiently, too. 
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1 INTRODUCTION 
 

Climate and resource protection are among the most 
important social tasks in the 21st century, especially since 
the international climate protection agreement of Paris in 
2015 (COP21). In this context the member states of the 
UN climate summit in 2017 (COP23) have committed to 
present their proposals for climate protection in the agri-
cultural sector by 03/31/2018. With the German govern-
ment's Climate Action Plan 2050, it is determined, that in 
2030 31 up to 34 % greenhouse gas (GHG) emissions of 
the German agriculture have to be reduced compared to 
1990 [1]. The production and use of decentralized rape-
seed oil fuel offers a great potential to achieve this goal. 
Another important measure to reduce GHG emissions in 
the agricultural sector is to significantly reduce the nitro-
gen surplus and the associated N2O-field emissions (ni-
trous oxide). To assess the GHG reduction potential of 
these measures a profound knowledge about how to cal-
culate the GHG emissions is necessary. Furthermore, 
site- and farm-specific data is needed. Several previous 
investigations pointed out farm- and site-specific produc-
tion conditions along the supply chain of bio-based prod-
ucts and bio-energy as determining factors of the GHG 
balance [2][3][4]. Default values, e.g. specified by the 
Renewable Energy Directive (Directive 2009/28/EC 
(RED) [5]) do not consider specific data. Furthermore the 
approach for calculating N2O-field emissions by IPCC 
[6] is a global approach without considering regional as-
pects. Consequently default values are not suitable to 
identify site-specific optimization potentials and to derive 
recommendations for action to reduce GHG emissions in 
the agricultural sector. 

The purpose of this work is to identify site-specific 
optimization potentials for reducing greenhouse gas 
emissions of rapeseed production and subsequent pro-
cessing to rapeseed oil fuel. Based on the optimization 
potential recommendations for action for farmers and 
foresters are derived. Additionally, a special attention 
would be given to the method of calculating and as-
sessing N2O-field emissions and co-products, respective-
ly. Finally the specific GHG emissions are compared to 
and discussed with the default values specified by Di-
rective 2009/28/EC (RED I) [5] and the draft of its 
amendment (RED II) [7]. 

 
 

2 MATERIALS AND METHODS 

 
2.1 Farm- and site-specific data  
 Within the research projects “Expert Group Resource 
Management Bioenergy in Bavaria” (ExpRessBio) and 
“Region-specific GHG emissions of rapeseed production 
in Bavaria” (RegioTHGRaps) regional and farm-specific 
data for rapeseed cultivation and decentralized rapeseed 
oil fuel production were collected. The collected data 
based on face-to-face interviews (ExpRessBio) and sur-
veys (RegioTHGRaps) over four crop years. A total of 36 
farms and three decentralized oil mills in six soil-climate-
areas of Bavaria, Germany could be assessed. Figure 1 
shows the location of the investigated farms and decen-
tralized oil mills within various soil-climate-areas. The 
area classification “soil-climate-area” is chosen because 
of its consideration of site conditions for soil and climate 
(ROßBERG (2007) [8]).  
 

 
 
Figure 1: Location of farms and decentralized oil mills 
within various soil-climate-areas of Bavaria, Germany 
 
 Regarding site conditions there are relevant differ-
ences in annual precipitation, temperature and productivi-
ty between the six soil-climate-areas listed in Table 1. 

The results of the interviews show also huge differences 
in farm structure, yield and nutrient management. The 
farms with livestock farming in the soil-climate-areas C 
and D, achieved the lowest yields on average. However, 
the detailed evaluation of nutrient management pointed 
out, that the amount of applied mineral and organic nitro-
gen was highest in these soil-climate-areas. 
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Table I: Overview of data for site conditions, farm structure and rapeseed cultivation of analyzed farms in various soil-
climate-areas in Bavaria 
 

Soil-climate-area A
1
 B

2
 C

3 
D

4
 E

5
 F

6 

Farms n = 5 n = 9 n = 5 n = 4 n = 4 n = 9 
 
Site conditions 

Altitude (m) 542 458 303 449 447 358 
Annual precipitation (mm) 916 675 657 716 690 658 
Annual temperature (° C) 8.9 9.3 9.6 8.6 9.3 9.7 
Productivity of arable land  30 – 50 40 – 50 30 – 60 22 – 33 43 – 64 30 – 55 
(Soil score 0 -100)7 

 
Farm structure  
Farming type arable mixed livestock livestock arable mixed
  farming farming farming farming farming farming 
Stock density (LU)8 0 – 1.7 0 – 2.1 0.2 – 2.3 0.9 – 1.4 0 0.5 – 3.1 
Farm size (ha) 156 124 107 140 71 2449 
Rapeseed (% arable land) 13 19 15 23 14 17 
Yield (kg ha-1) 4,390 4,380 4,060 3,900 4,120 4,310 
N-fertilizer total (kg N ha-1) 240 232 257 255 235 225 
N-fertilizer mineral (kg N ha-1) 191 170 172 186 174 180 
N-fertilizer organic (kg N ha-1) 49 63 85 69 61 45 

 
1 Tertiary hills south of the Danube  2 Alpine areas and East-Bavarian uplands  3 Weathered soils in transition areas 
4 Weathered soils in altitudes  5 Gäu (loess area), Danube- and Inn-Valley 6 Northwest-Bavarian – Franconia 
7 based on [9]  8 Livestock unit 
9 including a farm with a size of 800 ha, without this farm the cultivated arable land amounts 175 ha 
 
 
2.2 Method for calculating GHG emissions 
The calculation of GHG emissions is based on the  
“ExpRessBio methods” [10]. The “ExpRessBio methods” 
are harmonized methods to analyze and assess selected 
environmental and economic impacts of product systems 
derived from agricultural and forestry resources. These 
methods are according to the ISO standards 14040 [11] 
and 14044 [12] and were developed by the “Expert group 
on resource management Bioenergy – ExpRessBio” in 
Bavaria in the period from 2012 to 2016. Figure 2 shows 
the elements harmonized within the “ExpRessBio meth-
ods”, which resulted in the “system description” as the 
center outcome of the method.  
 

 
 
Figure 2: Elements of harmonization of “ExpRessBio-
methods” 
 
For evaluating rapeseed cultivation and decentralized 
production of rapeseed oil fuel the most important ele-
ments listed in Figure 2 are defined below. 

The system boundary includes rapeseed cultivation, 
transport of rapeseed to oil mill and processing which are 
the same process groups as in the requirements of RED. 
The functional units used are kg CO2-eq kg-1 rapeseed 
and kg CO2-eq MJ-1 rapeseed oil. The balancing models 
have been developed using GaBi ts software [11] with 
GaBi professional database and ecoinvent database v3.3 
[14] (both state Oct. 2017). The impact assessment is 
done according to the International Reference Life Cycle 
Data System (ILCD) [15][16] considering only global 
warming potential (GWP) as impact category.  

Field-N2O-emissions of rapeseed cultivation are cal-
culated in base analysis according to the IPCC approach 
[6]. In scenario analysis the specific emission factor for 
rapeseed cultivation in Germany for calculating direct 
N2O-field emissions is used. This emission factor was 
developed by RUSER, FUß et al. (2017) [17] on the basis 
of measurement data from field trials on rapeseed cultiva-
tion in Germany. 
 Rapeseed oil production is a multi-output process 
with rapeseed oil as main-product and rapeseed press 
cake as co-product. The RED requires the energy alloca-
tion based on the calorific value to assess the co-product. 
In the base analysis energy allocation based on the calo-
rific values of decentralized produced rapeseed oil (37.5 
MJ kg-1) and rapeseed cake (20.7 MJ kg-1), respectively 
[18]. In a scenario analysis the substitution method with 
credits for the avoided reference product is used to evalu-
ate the rapeseed press cake as protein feed for cattle feed-
ing, according to the actual utilization. Thereby, the cred-
it for the rapeseed is based on the German import mix of 
soy and soybean meal and was calculated with the ecoin-
vent v3.3 database. Furthermore the credit is distin-
guished between credits with and without considering 
land use change in cultivation of soy in South America. 
In case of land use change in South America 8.4 % of soy 
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originates from converted areas e.g. through the clearing 
of rain forest and ploughing up of scrublands [19]. The 
amount of the credit is in accordance to the rapeseed 
cake`s nutritional value given in digestible crude protein 
(DCP). Based on the crude protein content 1.0 kg of soy-
bean meal is equivalent to 1.53 kg of rapeseed cake [20].  
 
 
3 RESULTS 
 
 The specific GHG emissions of rapeseed cultivation 
in the various soil climate areas in Bavaria are illustrated 
as mean values for the crop years 2013 to 2016 in Figure 

3. They show a considerable variation, both annual ef-
fects and farm-specific differences. Some of the annual 
effects (extremes) are very high and are mainly due to 
crop failures caused by drought stress or hail damage 
(e.g. farm B1). The farm-specific range which is between 
1.04 kg CO2-eq kg-1 rapeseed in farm C3 and 0.541 kg 
kg-1 in farm B8 is due to farm- and region-specific differ-
ences in nutrient management and yield. The farm specif-
ic yield in soil-climate-area C "weathering soils in transi-
tion areas" and in soil-climate-area D "weathering soils in 
altitudes" is lowest at 39.4 and 41.3 dt ha-1, respectively 
(see Table 1). At the same time, the amount of nitrogen 
fertilizer is the highest (257 or 255 kg Nges ha-1), because 
of the largest amount of organic fertilizer applied there, 
additionally. Organic fertilizers such as pork or cattle 
manure as well as fermentation residues have a lower N-
efficiency as mineral fertilizers. Depending on the type of 
organic fertilizer the amount of ammonium nitrogen is 
only 50 to 70 %. In addition, organic fertilizers are signif-
icantly more affected by losses (e.g. ammonia emissions) 
than nitrogen mineral fertilizers. This inevitably leads to 
higher nitrogen surpluses in the application of organic 
fertilizers than in mineral nitrogen fertilizers. In the case 
of an inappropriate use of organic fertilizers, this effect is 
significantly increased. 
 The highest farm-specific nitrogen surpluses are 
achieved in C3 and F9 and result in the highest farm-
specific GHG emissions too (1.04 kg CO2-eq kg-1 at farm 
C3 and 0.85 kg CO2-eq kg-1 at farm F9, see Figure 3). 
An excessive supply with organic nitrogen from fermen-
tation residues could be identified in both farms in au-
tumn. In general the nutrient management, autumn fertili-
zation in particular, is a significant key factor for reduc-
ing GHG emissions in rapeseed cultivation.  
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Figure 3: Farm-specific GHG emissions from rapeseed 
cultivation in Bavaria, Germany (N2O-field emissions by 
IPCC (2006) [6]) 
 
 

The influencing key factors for GHG emissions are the 
N2O-field emissions on the one hand and the GHG emis-
sions from the provision of mineral fertilizers on the oth-
er. Hence, the biggest shares of GHG emissions from 
rapeseed cultivation are making up by these two parame-
ters. For modelling the rapeseed cultivation the fertilizers 
were distinguished in accordance to the type of nutrient. 
The emission factors for N-fertilizers spread from 1.8 for 
ammonium to 8.8 for Calcium ammonium nitrate [14]. 
For the provision of the organic fertilizer no GHG emis-
sions are considered. Consequently the choice of mineral 
nitrogen fertilizer has an important impact on the GHG 
emissions of cultivating rapeseed.  
 
 In base analysis (see Figure 3) direct and indirect 
N2O-field emissions were calculated by IPCC (2006) [6], 
which is also used within the evaluation method by RED 
[5][7]. This approach is a global assessment of nitrous 
oxide emissions without taking into account specific re-
gional aspects such as the type of soil, climate conditions 
or crop. The shortcomings of these global assumptions in 
the IPCC approach have already been pointed out in dif-
ferent investigations. In particular, studies of RUSER, FUß 
et al. (2017) [17] discussed the global emission factor of 
the IPCC approach for the calculation of direct N2O-field 
emissions critically. On the basis of measurement data 
from field trials on rapeseed cultivation in Germany a 
specific emission factor for rapeseed cultivation was de-
veloped. Referring to a fertilizer level of 200 kg N ha-1 
the determined specific emission factor for calculating 
direct N2O-field emissions is 0.6 % and thus clearly be-
low the IPCC default value of 1 %.  
 The influence of the emission factor for calculating 
the direct N2O-field emissions on the GHG emissions of 
rapeseed production in Bavaria is shown in Figure 4. The 
results presented differ only in the calculation of direct 
N2O-field emissions. Indirect emissions in both cases are 
assessed according to the IPCC approach. Using the spe-
cific emission factor of rapeseed cultivation, GHG emis-
sions in rapeseed production are reduced by up to 20 % in 
soil-climate-area A. This demonstrates the importance of 
a specific assessment of N2O-field emissions. In context 
of political and social debate about sustainability and 
greenhouse gas reduction potential of biofuels, the culti-
vation of rapeseed, as one of the most important raw ma-
terial crops for the production of biofuels, should be as-
sessed on the basis of current scientific knowledge. 
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Figure 4: GHG emissions of rapeseed production in Ba-
varia: Influence of the emission factor for calculating the 
direct N2O-field emissions 
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Figure 5 shows the GHG emissions for the complete 
product system of decentralized rapeseed oil fuel in Ba-
varia compared to the default values of the Directive 
2009/28/EC (RED I) [5] and the draft of its amendment 
(RED II). Thereby, the default values are calculated with 
allocation by calorific value and are related to industrial 
scale oil production (36 or 40 g CO2-eq MJ-1 rapeseed oil 
[5][7]). The GHG emissions calculated with specific data 
and for decentralized rapeseed oil production in Bavaria, 
are slightly lower (approx. 33.3 g MJ-1 by calorific value 
allocation). The lower GHG emissions of decentralized 
rapeseed oil fuel are due to the shorter transport distance 
on the one hand and due to the lower energy demand for 
decentralized oil production compared to industrial pro-
cessing, on the other hand. 
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Figure 5: GHG emissions of rapeseed oil from decentral-
ized oil production in Bavaria: Comparison of different 
methods for assessing co-products with default values 
specified by RED 
 
Figure 5 also shows results of different methods for as-
sessing co-products: allocation by calorific value and 
substitution with credits for substituted soybean meal, 
respectively. By applying the substitution method without 
considering land use change due to the cultivation of soy 
in South America gross GHG emissions of rapeseed oil 
amount 33.1 g MJ-1. Taking land use change into account 
gross GHG emissions of rapeseed oil decrease to 
11.9 g MJ-1.The comparison of GHG emissions of rape-
seed oil fuel with the reference value for fossil diesel of 
RED II shows that the GHG reduction potential reaches 
up to 87.5 %. However, the substitution method including 
credits for co-products has not been accepted to be ap-
plied for quota counting according to RED I as well as 
the draft of RED II. For political analysis the substitution 
method is recommended. 
 
 
4 CONCLUSIONS 
 
 Due to the farm- and region-specific analyzation of 
rapeseed production in Bavaria recommendations for ac-
tion to reduce nitrogen balances and GHG emissions 
could be derived. Most influencing key factor in this con-
text is the appropriate handling of organic fertilizers with 
a balanced use of mineral fertilizers. With needs-based 
nitrogen fertilization adapted to plant growth nitrogen 
surpluses as well as GHG emissions can be significantly 
reduced. When using mineral fertilizers, products with 
low GHG emission factors should be selected, because 
the different nitrogen variants show significant differ-
ences in the level of their emission factor. 

 Using the specific emission factor for rapeseed culti-
vation according to RUSER, FUß et al. (2017) [17] the cal-
culated direct N2O-field emissions are lower than using 
the IPCC approach. This is because the IPCC approach is 
associated with higher climate-damaging N2O-field emis-
sions than they were measured in field trials in Germany. 
Consequently the IPCC approach for calculating N2O-
field emissions should be adapted to the scientific stand-
ard. 
 Allocation by calorific value, which is used in the 
balancing approach of RED, characterizes the benefit of 
the co-product (rapeseed press cake) insufficiently. Using 
the substitution method, the co-product is assessed in ac-
cordance with its actual use as protein feed for livestock 
farming. Consequently the substitution method is rec-
ommended for the purpose of policy analysis (e.g. within 
the amendment of the Directive 2009/28/EC (RED II)). 
 Finally, producing decentralized rapeseed oil fuel and 
using it in agricultural machines generates a high valued 
protein feed and leads to a reduction of GHG emissions 
up to 87.5 %. 
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