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Abstract

Production and application of mineral fertilizers associated with GHG emissions. The
EU pursues an active policy of GHG emissions miiiga One of the instruments of this
policy is the EU ETS. Due to the inclusion of ammaoand nitric acid production into the list
of activities covered by the EU ETS, the productiddmineral fertilizers would be burdened
with a “carbon tax”. If the emissions from the apation of fertilizers to agricultural soils
would be considered, the rate of a “carbon tax” Malouble. In this paper the impact of a
“carbon tax” on the production and use of minegtilizers in the EU is analysed with the
GTAP model. The analysis requires a separate tezdatof the fertilizer industry. Therefore,
the “Chemical, Rubber and Plastic products” se€tnp”) of the GTAP database was split
and a new sector representing the fertilizer imgusFERT”) was introduced. Further, the
production structure was modified to introduce sbstitution possibility between the land
and the fertilizers by crop production. This is donith regard to the fact that a reduced
fertilization in the EU due to a “carbon taxatioori fertilizers could only be compensated by
either an agricultural land extension or an inticeion of crop production abroad. The
preliminary results show, that a “carbon tax” ortifeers in the EU can slightly reduce the
GHG emissions of the EU. However, due to an in@éashe imports of fertilizers / decrease
in the exports of fertilizers and an increase mithports of grains / decrease in the exports of
grains the “carbon leakage” effect takes place.ahswer whether a reduction of GHG
emissions on the global level takes place, theaatly induced GHG emissions abroad have

to be considered.



1. GHG emissions from agriculture and the contributionof fertilizers

1.1 Overview of the main sources of GHG emissions fegniculture

If all direct and indirect emissions, including esions from land use and land use change
(LULUC) are taken into account, agricultural adies are responsible for 17-32% of the
global human-induced GHG emissions (see Figure 1).

Figure 1 — Global contribution of agriculture to G¢missions
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Agriculture contributes to the emissions of greardeogases through a variety of ways.

Emissions may occur directly during exercise of@gtural activities or indirectly during the

production and transport of the required inputsa®rthe result of land use change. In this

respect, following GHG emission source categorésted to the agricultural activities can be

identified (see Table 1):

Table 1 — Sources of GHG emissions related to ghiewdtural activities

Identified source category

CRF sector

Enteric fermentation in livestock
Livestock manure management

Rice cultivation

Management of agricultural soils
Burning of savannas and agricultural residues

CRF 4. Agriculture

Electricity and fuel on-farm use

included in CRFEDhergy

Land use and land use change

included in CRF 5U@JL

Production of agrochemicals (fertilizers)

includedCRF 2. Industrial Processes

Imported agricultural inputs

" CRF = Common Reporting Form used for reporting oiaéil GHG inventories to the UNFCCC
Only by accounting of GHG emissions from agriaaktactivities in one separate region



Emissions occurred from the production of investimgmods (machines, building etc.)
could be also included in the total GHG emissiasnf agricultural activities. However, on
this place the total emissions are delimited tostin® of emissions from categories defined in
the Table 1.

The relative shares of the source categories imtkeall GHG emissions from agriculture
vary from region to region. Figure 2 shows therneated shares of emissions related to

agricultural activities in Germany in 2008.

Figure 2 — Sources of GHG emission from agricultacsivities in Germany, 2008
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" GHG emissions from fertiliser production and feetireated for 2005 (domestic and imported)

The emissions reported in sector CRF 4 Agricultarake only 45% of the GHG
emissions associated with agricultural activitain emissions in this category are related to
the nitrous oxide (PD) emissions from fertilised soils, methane (Lemissions from enteric

fermentation of cattle and GH N,O emission from manure management of cattle angl pig

On-farm use of electricity and fuel contribute e total GHG emissions with about 4%.

Emissions from the land converted to cropland aadsiand (included in LULUC) in the
form of carbon dioxide (C¢ are responsible for further 31% of the total esioiss. These
emissions occur not only from cropland/grasslanaaiaing cropland/grassland, but also

from further converting of land to cropland / glassl.



Emissions from production of mineral fertilizersofb domestic and imported from

abroad) contribute 11% to the total GHG emissions.

Emissions from feed (9%) are mainly related toehmssions that occur by production of
feed abroad and imported to Germany for domestastock. Such emissions are not included

in national emissions, but domestic agriculturaivatees are the indirect cause of them.

1.2 Contribution of fertilizers

1.2.1Emissions from the production of mineral fertilizer

The production of mineral fertilizers gives a risethe GHG emission, mainly G@nd
N>O. Carbon dioxide emissions are associated withggngese, while nitrous oxide emissions

are released by production of nitric acid.

Since the manufacture of all nitrogen (N) fertifikeaccounts for 94% of the sector’s
energy use and nitric acid is used for productibmitrate fertilizers (IFA, 2009), N —
fertilizers are responsible for a large majorifyimdustry’'s GHG emissions. Therefore, to
make it easier for further analysis, the productdrN — fertilizers assumed to be the only
source of THG emissions in this sector.

The total GHG emissions from production and transpbN-fertilizers used in Germany
were estimated by Kaltschmitt and Reinhardt (199Tgir results are summarized in Table 2
and were used for accounting of GHG emissions fpooduction of fertilizers.

Table 2 -GHG emissions from production of N-feztlis

CO: (9) CHs (9) N2O (g) CG-eq.(9)
N-fertilizer (1 kg N) 2,468.00 0.54 9.63 5,351.00

Source: Kaltschmitt, Reinhardt (1997) in Flessale2001)

1.2.2N,O-Emissions from soils

The application of fertilizers is the main drivifgrce of NO emissions from agricultural
soils. These emissions occur because the fersliapplied to the soils are not fully untaken

by crops. The recovery of fertilizer N in a gloleabp production is about 50% (Eickhout et



al., 2006). Consequently, its surplus is accumdlatesoils and is either lost directly asQy
or leached to water courses, enhancing downstradirect NO emissions (Bellarby et al.,
2008).

Fertiliser-induced BO emissions from agricultural soils are includedhia emissions of
category CRF Agriculture. They incorporate the emiss from application of mineral
fertilizers and animal manure. The® emissions related to the application of fertil&zen

Germany in 2008 are summarised in Table 3.

Table 3 - NO emissions from application of fertilizer in Gemmyan 2008

Source category NO emissions (GgC@-eq/yr)
Soils, mineral fertilizers 11 004
Soils, application of manure 6111
Soils, indirect emissions (deposition) 2 280
Soils, indirect emissions (leaching, run-off 4211

Source: NIR (2010)

1.2.3Diminishing of LUC

The primary objective of agriculture is to provitee world with the food. It has been
estimated, that in 2008 almost half of people @nEhrth (ca. 48%) were fed due to the use of
N-fertilizers (Erisman et al., 2008) and the conedowith it rise of yields. Without use of
fertilizers by far more additional arable area wblé required to produce the same amount of
agricultural output. Thereby, by preventing theamsion of new land to agriculture, which
is the great source of GHG emissions, fertilizezip o reduce the global GHG emissions
(IFA, 2009). Regarding the growing global demandftmd, feed, fibre and bioenergy, the
effect of indirect mitigation of GHG emissions frame of fertilizer is very important.

From the point of view of one separate region,réticed production and application of
fertilizers can diminish the national GHG emissidmsn agriculture in this region. However,
this can induce higher import of agricultural inpge. g., fertilizers, feed) or high import of
agricultural outputs (reduced export of agricultuvatputs) for this region. On the global
level, it results in either intensification of agulture elsewhere abroad (therefore higher
production/use of fertilizers) or further land uskange. Both options are attended by

additional GHG emissions.



2. Agriculture and fertilizer sector in the context of the EU / German climate policy

2.1Emission reduction target: ETS and non-ETS sectors

In June 2009 the European “climate and energy mgkdecame a law, according to
which, the EU-wide GHG emissions are to diminishliogo by 2020 in relation to the 2005
levels (contribution to the EU’s goal of at leasi%2 reduction compared to 1990). This
Decision lays down a minimum contribution of MemIStates (e. g., Germany has to reduce
its GHG emission by 14% compared to 2005) and deslthat all sectors of the economy

should contribute to achieving the reduction tasget

The key tool for cutting emissions is the EU Enmassi Trading System (ETS). From 2013
a single EU-wide cap will be applied and will bet @annually, reducing the number of
allowances available to businesses to 21% belov2®%& level in 2020. The free allocation
of allowances will be progressively replaced byteuneng, and the sectors and gases covered
by the EU ETS will be somewhat expanded.

The “effort sharing” Decision regulates the redoctof GHG emissions from sectors not
covered by the EU ETS, such as transport, agri@jltaousing and waste. The overall EU
GHG emissions from non-ETS sectors have to beyddbbo by 2020 compared with 2005.

Thus, agriculture is now directly requested to medits GHG emissions, and it has to
occur besides the achievement of another goal stthee of biofuels in transport sector has to
reach the 10%- target by all Member States by 2020.

2.2 Fertilizer production under the EU ETS

In 2013 the third trading period of the EU ETS wsii&rt. The scope of the EU ETS will be
extended to include new activities and GHG. Amolng hew activities are production of
ammonia (relevant GHG: G{and the production of nitric acid (relevant GHG€,, N,O).

Since both ammonia and nitric acid are importapuia for N-fertilizer production, this

will have an indirect impact on agriculture.
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3. Disaggregation of the chemical sector in GTAP witlseparate treatment of
fertilizers in Germany, rest of EU and the ROW
3.1 Composition of the CRP sector in GTAP and relevariceational statistics

For the analyses the separate treatment of femslis necessary. Fertilizers are the part of
the “crp” sector in GTAP Database. The concorddmeteeen the “crp” GTAP sector and
sectors in the EU classification (NACE Rev. 1.1)$tructuralBusinessStatistics (SBS) in

Eurostat, is depicted in Table 4.

Table 4 — Concordance between the “crp” and sdattassification NACE Rev. 1.1

“crp” = |+ DG — Manufacture of chemicals, chemigab DG2415 — Manufacture of
products and man-made fibres fertilizers and nitrogen

- DG247 — Manufacture of man-made fibores compounds (part dG)

+ DH — Manufacture of rubber and plastic
products

The objective of the disaggregation procedure ibremk down the sector “crp” in two
sectors: fertilizers (“FERT”), associated with thetivity DG2415, and rest of the “crp”
(“r_crp”). For some intermediate steps the sectop™is treated as the sum of two sectors:

manufacture of chemicals (“*Ch”) and manufactureubber and plastic products (“RP”).

The production and trade values of the sectors "FBRd “r_crp” for Germany and the
rest of the EU are taken from the Eurostat Stai$BS, External Trade Statistits

For the Rest of the World (ROW) the production &radie values for sector “FERT” and
“r_crp” were estimated on the basis of publishethdat first the sector “crp” was broken
down into “Ch” and “RP” due to estimated globalues of these markets (COMM/ESTAT
2006 and 2009). Then, the values for the sectoR'FEwere estimated from the available
data about the share of this sector (“FERT") int@echemicals production (“Ch”) and the
estimated data about the global manufactured ansucoed in agriculture values of fertilizers

and agricultural chemicals (Datamonitor, 2006 a@#i().

2 EUROSTAT -> Statistics -> Industry, trade and &ms -> Structural business statistics -> SBS sty and
construction -> Annual detailed enterprise statstiindustry and construction (sbs_na_ind) -> uaitetailed
enterprise statistics on manufacturing subsectiFi®N and total manufacturing (NACE Rev.1.1 D)
(sbs_na_2a_dfdn)

3 EUROSTAT -> Statistics -> External Trade -> Ext@rfirade -> EU27 Trade since 1995 by HS2-HS4
(DS_016894)



3.2 Production cost structure of mineral fertilizers

In case of Germany and the EU the shares of lat&is @nd capital costs in production of
“FERT” were obtained from the SBS of Eurostat. Whihe share of total intermediates in
production costs is known, there are no availall@a ébout the distribution of these costs
between different sectors. That is why by spedifica of the production technology the
relevant data from the US Input-Output Table (I@/Ere involved.

Data from the US IOT and the SBS accounts were atsm to specify the avarage
production technlogy of sector “FERT” for the ROWgion. Taxation and tariff rates for the

sector “FERT” are assumed to be the same as faeitter “crp”.

3.3 Disaggregation procedure

Information about production and trade values alh ageinformation about production
technology of sector “FERT” were used to split thgp” sector into “FERT” and “r_crp”.
Since the sector “FERT” is only a small part of thector “crp” (ca. 3% of the global
production value), by exclusion of “FERT” from sexct'crp”, the production structure of

“r_crp” does not differ much from the productionustture of the sector “crp”.

It is assumed that fertilizers are used only agmermediate input in the crop production
and in the production of fertilizers. The value feftilizers used as intermediate in own
production depends on the output value of sect&®RF and is defined by the production
technology of sector “FERT”. The disaggregation“cfp” into “FERT” and “r_crp” was
made by SplitCom.

4. Specification of the model
4.1 Organic fertilizers as by-products of animal praditrc

The values of inputs from animal production to cppduction are assumed to be the
values of manure applied as fertilizers and shdwddtreated as by-products of animal

production.



4.2 Specification of crop production function

Considering the GHG emissions related to the agui@al activities, two main sources of
emissions (i.e., fertilized soils and LULUC (landeuand land use change)) were identified.
Therefore, the strategy of mitigation of GHG enussi would incorporate two objectives.
Objective 1 Mitigation of GHG emissions from fertilized sail©bjective 2 Mitigation of
GHG emissions from LULUC.

The connected with these aspects problem is, ththiowt further progress in rise of
fertilizers uptake (i.e., its efficiency), the aelement of both of these objectives is very
complicated. Thus cause is the conflict of these thjectives: The decrease of applied
fertilizer quantity can reduce the THG emissiomsfifertilized soils, but the demand for land
would increase and cause a further increase of €hiiasions from land use change. Vice
versa: mitigation of GHG emissions from LULUC isasiated with stop/decrease in land use
change process. However, in this case the prodiyctif’crop production has to rise and this
is supposed to increase the application of feetilizand therefore, to increase the GHG

emissions from fertilized soils.

The conflict of these two objectives can be incoaped in the production structure of
crop production by assumption that fertilizers dadd are substitutes. In this respect the
standard production structure of GTAP model hasbé& modified. The procedure of
modification applied in this study is similar toose introduced by Burniaux and Truong
(2002), who modified the production structure toe E-GTAP.

On the production side, fertilizers must be takahaf the intermediate input ‘nest’ to be
incorporated into the ‘value-added’ nest (see FEd@8). The incorporation of fertilzers into
value-added nest is done in two steps. Firstifezts are separated in “FERT” and “manure”.
Next, the fertilizers composite is combined withdato produce a fertilizer-land composite,
which is in its turn is combined with the otherrpary factors in a value-added-fertlizer nest
through a CES structure.

At first, analysis can be simplified, when the oogmmodity included in the fertilizer

nest are mineral fertilizers (“FERT”).



Figure 3 — GTAP — LaFe production structure
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5. Consideration of the GHG emissions from fertilizerdoy modeling a ‘carbon tax’

As already mentioned, the production of ammoniataedoroduction of nitric acid will be
among the activities covered by the EU ETS in thedttrading period. Since ammonia and
nitric acid are primary inputs for N-fertilizershe costs of emission allowances will be
incorporated in the production costs of N-fertitzeThis situation can be considered by
imposing a “carbon tax” (price for emissions allewas) on “FERT” production in the EU. A

“carbon tax” can be simulated as a rise of a prodnd¢ax on “FERT”.

Application of fertilizers induces the further GHgmissions from soils. A “carbon tax”
that incorporates all emissions, including emissidrom production and application of
fertilizers, can be imposed on agricultural enddpicis. In this case consumers pay for all
emissions occurred during the production of prosluct



6. Conclusions

Production and application of mineral fertilizere associated with GHG emissions. The
EU pursues an active policy of mitigation the GH@issions. One of the instruments of this
policy is the EU ETS. Due to the inclusion of ammacand nitric acid production into the list
of activities covered by the EU ETS, the productidrfertilizers would be burdended with
“carbon tax”. The preliminary results of such “cambtax” on production and use of the
fertilizers in the EU have showed a slight decreatsgroduction of fertilizers in the EU. At
the same time the demand for fetilizers used irp ggooduction had a smaller decrease,
because of a slight rise of demand for importetlliteers. Therefore, the marginal decrease of
crop production in the EU was replaced by imports.

To summarize, the “carbon tax” on production and atfertilizers can slightly reduce
the GHG emissions of the EU, but due to the risengiort of fertilizers (decrease of exports
of in the EU produced fertilzers) and the rise mijports of grains (decrese of exports of

grains) the overall effect on the global level & definite.
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