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1INTRODUCTION

Pursuant to Article 19(2) of Directive 2009/28/EC of the European Parliament and of the
Council on the promotion of the use of energy from renewable sources (RES Directive),
Member States had to submit to the Commission by 31 March 2010 a report including a
list of those areas on their territory where the typical greenhouse gas emissions from the
cultivation of agricultural raw materials could be expected to be lower than or equal to
the emissions reported under the heading ‘ Disaggregated default values for cultivation’ in
part D of Annex V of the Directive. In addition, Member States have to describe the
methodology and data used to establish that list. The methods used have to take into
account soil characteristics, climate and expected raw material yields. However, changes
in carbon stocks caused by changes in land use are not taken into account when
calculating the emissions from cultivation; instead, this is included separately in the
formulafor calculating the total emissions from fuel use.

The alocation between fuel (ethanol, biodiesel) and co-products must be done according
to their lower calorific value, regardless of the end use of the co-product. In other words,
even if the dregs from ethanol production are used as feed, the allocation must be based
on the assumption that the dregs are burned.

The default values for emissions from cultivation include emissions from the cultivation
process (emissions from machinery and the use of fertilisers, the N,O emissions of soil),
emissions from the harvesting of the raw material (emissions from machinery) and
emissions from the production of chemicals or products used in extraction or cultivation
(production of fertilisers and pesticides).

The most likely first-generation biofuels in Finland would be wheat or barley ethanol and
rape or turnip rape biodiesel. In this report the emissions from the cultivation of wheat
and rape are calculated, as default values are set for them in Annex V of the Directive.

According to Annex V of the Directive the typical greenhouse gas emissions are:

- wheat ethanol 23 g COequiv./MJ
- rape biodiesdl 29 g COz-equiv./MJ.
2 SOURCE DATA

2.1 Areasunder cropsand crop yields

According to the Directive, the report should be based on the areas classified as NUTS
level 2 or lower. Finland's NUTS 2 areas are:

- East Finland (Southern Savonia, Northern Savonia, North Karelia, Kainuu)
- South Finland (Uusimaa, Finland Proper, Hame, Southeast Finland)
- West Finland (Satakunta, Pirkanmaa, Central Finland, Southern Ostrobothnia,
Odtrobothnia)
- North Finland (Northern Ostrobothnia, Lapland)
- Aland.



Table 1 presents the average crop yields in the NUTS 2 areas. The yields are calculated
using the average yields of the Employment and Economic Development Centres in
20009.

Table 1. Averageyields of the different crops (kg/ha) by NUTS 2.

Area Wheat Rape
East Finland 3225 -
South Finland 4110 1973
West Finland 4008 1813
North Finland 3430 -
Aland 3920

2.2 Seeds

The average amount of seeds sowed is (Virtanen et a. 2009, Lassi & Tulisalo 2009):
- wheat 274 kg/ha
- rape 10 kg/ha

Considering that the seed harvest is about 4 000 kg/ha for wheat and 1 700 kg/ha for
rape, the emissions from wheat seeds account for about 7% and those from rape seeds
for about 0.5% of the total emissions from cultivation.

2.3 Production and use of fertilisers

Yaraisthe only producer of fertilisers in Finland, which means that most of the fertilisers
used in Finland are Yaras. Catalytic denitrification equipment was installed in Yara's
nitric acid plants in 2009 and this has reduced the N,O emissions from nitric acid
production by nearly 90%. This is a decrease of 40-50% in the share of fertiliser
production in overall emissions. Yara has guaranteed that the emissions of fertilisers
produced in the Nordic countries are under 4 kg CO,-equiv./kg N. This value has been
verified by Det Norske Veritas (DNV). (Yara 2010) The value for fertiliser production
used in the calculation is thus 4 kg CO,-equiv./kg N.

The application rates of fertilisers are based on the authorised fertiliser amounts in the
commitment requirements related to environmental aid (Finnish Agency for Rural
Affairs 2009). The amounts of nitrogenous fertiliser applied are 100 kg N/ha for wheat
and rape.

2.4 Production and use of pesticides
The emissions from the production of pesticides are (Ahlgren et a. 2009):

- 4.92 kg CO,/kg



- 0.00018 kg CHa/kg

- 0.0015 kg N2O /kg

The application rates of pesticides are based on the growth programmes of Agrimarket
(2009) and the crop cultivation guide of K-maatalous (2010), because farmers are
expected to follow these recommendations. It is assumed that the pesticide application
rate is 2 kg/ha. The pesticides available and their application rates may change in the
future, but as the emissions from pesticide use are marginal, this will not have much
effect on overall emissions.

2.5Machinery

The report focuses on traditional cultivation, which includes tillage (ploughing and
harrowing), sowing, fertilising, the application of pesticides, threshing and crop transport.
The fuel consumption data for each phase are based on Mikkola and Ahokas (2010).

2.7 Transport

When calculating the emissions from fertiliser transport, it is estimated that the distarnce
covered is 200 km. It is also assumed that the fertilisers are transported from the place of
production to the place of use with afull trailer combination truck that is fully loaded (40
tonnes) but empty when returning. The emission data are from the LIISA database of the
Technical Research Centre of Finland (VTT). Fertilisers must be transported to Aland by
ship, but this has not been taken into account here, because the emissions from transport
are insignificant.

2.8 Direct and indirect N,O emissions

Nitrous oxide is released from the soil as a result of nitrification and denitrification
processes caused by microbial activity. The strength of these processes and the formation
and release of nitrous oxide depend on many factors, such as the amount and chemical
form of the nitrogen, the oxygen state of the soil, the pH, the moisture content, the
temperature and the amount of soluble carbon. According to the IPCC's instructions, the
direct and indirect N,O emissions from the increased input of nitrogen should be taken into
account when assessing the N,O emissions from agricultural land (Pipatti et al. 2000).

Direct N,O emissions from the soil consist of the N,O emissions from fertiliser use and crop
residues. The emissions from fertiliser use are calculated using equation 1 (IPCC 2006).

N2Orert = N fert ® EF = 44 (1)
28
where Nert is the amount of nitrogen used (kg)
EF isthe emission factor (0.01 kg N2O-N/kg N).

When calculating the N,O emissions of crop residues, account must be taken of both the
above-ground and underground biomass (roots) (IPCC 2006). The emissions from crop
residues are calculated using equation 2:



N20O crop residue = (mstraw XN straw + Mroots XN rootsg X EF X 44 (2)

28
where Mstraw is the amount of above-ground biomass (kg)
N straw is the nitrogen content of the above-ground biomass (%)
Mroots is the amount of underground biomass (kg)
N roots is the nitrogen content of the underground biomass (%)
EF is the emission factor (0.01 kg N,O-N/kg N).

The above-ground biomass of a crop is calculated using the harvest index (HI). The harvest index
means the ratio of the dry matter of the quantities cropped to the total above-ground biomass. The
harvest index of wheat is 0.45 and of rape 0.35 (Pahkala et al. 2009). The underground biomass
of wheat and rapeis 22% of the above-ground biomass (Ahlgren et al. 2009).

Indirect N,O emissions consist of the evaporation and leaching of nitrogen caused by fertiliser
use and are calculated using equation 3.

N2O indgirect = (Ntert X Fraceass XEFeass+ Nrert XFracieacn XEFieacH)x 44 3

28
where Fraceas isthe volatile part of the nitrogen (0.1)
EFcas isthe emission factor for the volatile part (0.01 kg N;O-N/kg N).
Frac gacn istheleaching part of the nitrogen (0.15)
HRea is the emission factor for the leaching part (0.0075 kg N,O-N/kg
N).

The calculation uses the factors in the IPCC 2006 instructions except for the leaching part of the
nitrogen, which is based on the national greenhouse gas inventory, which describes Finland's
situation better (Statistics Finland 2009).

2.9Yied and allocation

The ethanol yield of whest is 7.45 MJKkg of wheat (Virtanen et al. 2009). However, the ethanol
yield may be dightly higher in the future - 7.93 MJkg of wheat - owing to improved
technologies and chemicals. The starch wheat varieties that may be cultivated in the future will
further increase the ethanol yield of wheat. The biodiesel yield of rape depends on the pressing
process (hot or cold pressing). According to Bernesson et al. (2004), the biodiesdl yield is 15.11
MJkg of rapein industrial-scale biodiesel production.

Allocation must be carried out according to the calorific value of the end products. Dregs
are a co-product of ethanol production. Their calorific value according to Bernesson et al.
(2006) is 19.51 MJkg of dry matter. Thus 60.8% of the emissions from the cultivation of
wheat are allocated to ethanol, with about 1 kg of dregs per kg of ethanol being produced
(Virtanen et al. 2009, Ahigren et al. 2009). Co-products of biodiesel production include
rapeseed cake and glycerol. In large-scale production of biodiesel, 64.4% of the
emissions from the cultivation of rape are allocated to biodiesel (Bernesson et al. 2004).



3RESULTS

The tables below show the emissions from the cultivation of wheat and rape in the
NUTS 2 areas. The calculation is based on the average crop yield in each area.

3.1 Wheat ethanol

Table 2 presents the emissions from the cultivation of whest in the NUTS 2 areas.

Table 2: Emissions from the cultivation of wheat in the NUTS 2 areas.

East Finland South West North Finland  Aland
Finland Finland

Fertiliser production 9.25 7.46 7.65 8.94 7.82
Pesticide production 0.25 0.20 0.21 0.21 0.21
Seeds 2.16 174 1.78 2.05 1.82
Transport 0.29 0.23 0.24 0.27 0.24
Machinery 5.06 3.97 4.07 4.76 4.16
Direct N,O emissions 13.60 11.22 11.44 12.94 11.64
Indirect N,O emissions 2.35 184 1.89 221 1.93
Total 32.96 26.67 27.28 31.42 27.83

Only bread wheat is grown in Finland at present, but according to the JRC's report
(2007) if wheat were grown as a raw material for ethanol it would be possible to
achieve a yield 13.5% higher than for bread wheat with the same fertiliser amounts.
The conditions for receiving environmental aid restrict the use of nitrogen fertiliser,
meaning that bread wheat growers are forced to accept low yields. Professional farmers
in Finland could well produce yields of over 6 000 kg/ha, but then the protein content
of wheat would be too low for baking (Peltonen 2010) and the wheat would be better
suited as raw material for ethanol. At present no starch wheat varieties are cultivated in
Finland, but this would certainly change if the production of ethanol from wheat
became more widespread. However, it is very difficult to estimate potential yield
levels, so at this stage calculations must be based on the present yields of bread wheat.

3.2 Rape biodiesd

Table 3 presents the emissions from the cultivation of rapein the NUTS 2 areas.

Table 3. Emissions from the cultivation of rapein the NUTS2 areas.

South West

Finland Finland
Fertiliser production 8.64 9.40
Productionand useof lime  3.46 3.76
Pesticide production 0.23 0.25
Seeds 0.14 0.15
Transport 0.18 0.19

Machinery 4.60 5.00



Direct N>O emissions 13.39 13.90
Indirect N>,O emissions 2.13 2.32
Total 32.77 34.99

5 SUMMARY

Pursuant to Article 19(2) of Directive 2009/28/EC of the European Parliament and of
the Council on the promotion of the use of energy from renewable sources (RES
Directive), Member States had to submit to the Commission by 31 March 2010 a report
including a list of those areas on their territory where the typical greenhouse gas
emissions from the cultivation of agricultural raw materials could be expected to be
lower than or equal to the emissions reported under the heading ‘ Disaggregated default
values for cultivation’ in part D of Annex V of the Directive. The values are

- wheat ethanol 23 g CO2-equiv./MJ
- rape biodiesel 29 g CO2-equiv./MJ.

The emissions from cultivation in the NUTS 2 areas were calculated for wheat and rape,
because default values are set for these in the Directive.

The default value of 23 g COz-equiv./MJ for wheat in part D of Annex V of Directive
2009/28/EC is exceeded in all NUTS 2 areas.

The default value of 29 g COz-equiv./MJ for rape in part D of Annex V of Directive
2009/28/EC is exceeded in all NUTS 2 aress.

The calculation also contains many uncertainties, such as the very significant uncertainty
in respect of N,O emissions from the soil. Furthermore, changes in carbon stocks caused
by changes in land use are not taken into account when calculating the emissions from
cultivation, because this is included separately in the formula for calculating the total
emissions of fuel use. Besides, the carbon stocks of the soil are also affected hy
cultivation in itself, but this is not taken into account in this calculation, because the
Directive does not specify whether this should be done and many uncertainty factors are
involved here, too.
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