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Abstract: Due to the increasing energy consumption and depletion of fossil fuels, alternative energy sources are
becoming an increasingly important topic. One of the most important renewable energy sources is the energy
from phytomass. Recently, also in the conditions of the Czech Republic, there has been a significant
development of production of energy crops as raw material for the biogas production in biogas plants (BGP).
However, farming and particularly technical processes associated with it participate in the anthropogenic
emission production. This article presents the results of monitoring of emission load resulting from the
cultivation of maize (Zea mays L.) for energy purposes. As a tool for emission load measuring (expressed in
COsze where COze = 1x CO; + 23x CHs + 298x N,0), the simplified LCA method, respectively its climate
impact category, was used. For calculation, the SIMA Pro software and the Recipe Midpoint (H) method was
used. From the results, it is obvious that the cultivation of maize for energy purposes produces the greatest
amount of CO,e emissions within nitrate fertilization (0.052455 kg COse.lkg’ of dry matter) and field
emissions (0.050359 kg COse.1kg” of dry matter). Maize cultivation for energy purposes shows a higher

emission load as compared for example with energy grasses.

Key words: maize, greenhouse gases emissions, Life Cycle Assessment, crop production

Introduction

The current situation and trends indicate the
probability of irreversible effects on the world
economy and particularly on the global climate.
Energy demand will be growing constantly and it
will drain especially irreplaceable fossil energy
sources. It is an undeniable fact that fossil fuels are
limited and it is necessary to look for other sources.
We could say that in case of the economical land
use, there will be biomass constantly available [13].
One of the possibilities is its transformation into
biogas through anaerobic fermentation in biogas
plants (BGP) [21]. In 2012, there were about 320
biogas plants in the Czech Republic. There will
have been about 720 of them by 2020 [9]. With the
increasing number of biogas plants, also the
demand for suitable substrates increases while we
could assume that the maize silage will still
predominate. Also the current biogas production in
BGP is based predominantly on the usage of maize.
However, recently, there have been certain
problems relating to its cultivation [23]. In terms of
biomass energy utilization (in our case, specifically
grown maize), it is necessary to deal with not only
issues related to economic and social topics, but
also environmental issues [26]. In terms of GHG
emission production (in the Czech Republic,
mainly N,O, CHs and CO»), it is also an important

producer within agriculture, in addition to
energetics and industry [18]. For example,
according to Svendsen [29], this contributes by
9.2% to the total GHG emissions within the
European Union. Within the trend of sustainability,
however, also the agriculture should contribute to
reduction of the emission load. In the literature,
there is often a question of the impacts of
agricultural alternative forms on reduction of
environmental load discussed [11, 12]. For
example, there are very often different crops, etc.
compared which brings not always relevant results
[28]. Therefore, for the energy crop cultivation,
there is necessary to find possibilities of emission
savings elsewhere than in changing of the entire
farming system. To monitor specific emission load
in different farming systems, The LCA (Life Cycle
Assessment) analysis can be used [10]. It evaluates
the environmental impact of a product based on the
assessment of the impact of material and energy
flows that are exchanged by the monitored system
with the environment [8]. LCA is a transparent
scientific  tool [30] which evaluates the
environmental impact on the basis of inputs and
outputs within the production system [7]. On the
basis of this study, it is possible to make a model of
the established production system, to identify the
strongest sources of emissions from particular
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energy flows and to determine the total emission
load within the maize cultivation.

Material and methods

The aim of this study was to develop a model of
technological process of cultivation of maize and
wheat and to determine the impact of the emission
load on the environment through it. As a tool for
calculation of the emission load, the simplified Life
Cycle Assessment (LCA) method was used. It is
defined by international standards - CSN EN ISO
14 040 (CNI, 2006a) and CSN EN ISO 14 044
(CNI, 2006b). The results of the study were related
to the Climate change impact category expressed as
an indicator of carbon dioxide equivalent (COze =
1x CO; + 23x CHy4 + 298x N>0). For calculation,
the SIMA Pro software with the Recipe Midpoint
(H) integrated method was used. The functional
unit of the system was 1 kg of the final product (1
kg of dry matter). Technological process of
cultivation of silage maize for biogas production in
BGP was compiled on the basis of primary data
(direct information from farmers) and secondary
data (obtained from the Ecoinvent database,
specialized literature and agricultural production
technology standards). The database uses data
geographically related to Central Europe. The range
of time horizons for the primary data collection was
between the years 2012 - 2014 and the years 2000 -
2014 for the secondary data. Data selected for
modelling are based on the average of commonly
applied technologies. To the model system, there
were agrotechnical operations from seedbed
preparation, seed quantity, the use of plant
protection products, the production and application
of fertilizers, etc., to the harvest of the main
product included. In addition to the emissions
resulting from the above inputs, there are so called
filed emission (N»O) released after the application
of nitrogen fertilizers produced. For their
quantification, the IPCC (Intergovernmental Panel
on Climate Change) methodology is used [3].

Results and discussion

Climate changes are a key topic of these days.
Production of greenhouse gases in the world needs
to be constantly monitored and it is necessary to
look for ways how to reduce their most important
resources at the same time. For example, emissions
from agriculture represent about 10 - 12% of the
total produced GHG emissions (CO.e) in the world
representing 5.1 to 6.1 billions tones of COze [20].
Within the EU-27, the total share of emissions from
agriculture in total production of COze is estimated

at 10.1% [22] and in the Czech Republic, this share
is 6.3% [6].

As stated before, results of the study were
related to the Climate change impact category
expressed as an indicator of carbon dioxide
equivalent (COe = 1x CO, + 23x CHs + 298x
N;O). The same concentration of different
greenhouse gases has very different consequences
for increasing absorption of long-wave radiation, so
the certain greenhouse gases are more effective
than others [19]. Nitrous dioxide (N,O) is the most
effective greenhouse gas produced by agriculture
[15]. One kilogram of this gas has the same
greenhouse effect as 289 kg of CO;, [27, 15]. In
addition, these gases (CO,, N;O, CHj) are
characterized as greenhouse gases with a direct
impact on climate [14].

This paper evaluates the current model of a
technological progress within the cultivation of
maize for the production of biogas. Results show
the amount of emission impact on the environment.
Table 1 shows the values of particular system
processes while the highest emission load is
associated with agrotechnical operations (0.020346
kg COze.kg™ of dry matter), N fertilizer application
(0.052455 kg COekg' of dry matter) and
production of N»O field emissions released after the
application of N fertilizers (0.050359 kg CO»e.kg-1
of dry matter). Also Barros [1] states that the
greatest amount of GHG emissions released into
the atmosphere comes mainly from N fertilizers.
Zou et al. [31] and Mori et al. [16] also state that
fertilizer usage has an effect on increasing N,O
emissions from the soil.

Table 1 Production of emissions within particular
system processes, own source - Bernas et al., 2014

kg COze.kg! of

System subprocesses maize dry
matter
Organic fertilizers 0.003607
Mineral fertilizers N 0.052455
Mineral fertilizers P 0.007475
Mineral fertilizers K 0.002661
Total fertilizers 0.066198
Seed consumption 0.003203
Chemical protection 0.000763
Agrotechnical operations 0.020346
NO field emissions (converted to
CO;e) generating after the 0.050359
application of N fertilizers.
Total production 0.140870
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The highest COe emission load comes from
nitrogen fertilizer application (0.052455 kg
COsekg' of dry matter) and production of N,O
field emissions released after the application of N
fertilizers (0.050359 kg COze.kg” of dry matter). On
the contrary, the lowest amount of CO,e emissions
results from the use of chemical plant protection
products (0.000763 kg CO,ekg' of dry matter).
This is contrary to the statement of Fott [5] who
states that emissions from agricultural activities
come mainly from the usage of nitrogen fertilizers
and pesticides precisely. Graph 1 shows a
comparison of two strongest emission sources also
expressed in COze.kg™! of maize dry matter with the
emission load resulting from the remaining system
processes altogether.

If we think of CO»e production reduction within the
chosen cultivation process, it is necessary to focus
on the two most powerful sources (N fertilizer
application and field emission arising from the
application of N fertilizer). In this respect, we often
deal with the question regarding reducing the dose
of fertilizer and the total change of the agricultural
system [4, 17]. Another way how to reduce
emissions of greenhouse gases is the replacement of
maize by another energy plant. Also Bellarby [2]
proposes the cultivation of less loading plants as a
way how to reduce (namely mitigate) GHG
emissions. These may be, for example, energy
grasses. These have prerequisites to lower COse
production during their life cycle thanks to the
character of perennial plants and generally lower
fertilization requirements.

Fig. 1 Network of energy flows, own source (SIMA Pro) - Bernas et al., 2014.
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Figure 1 represents a network of particular
energy flows involved in the production of 1 kg of
maize dry matter. The strongest energy flow
demonstrates the emission load due to the use of N
fertilizers. One of the reasons why N fertilizers are

the strongest producers of GHG emissions within
agriculture is their constantly rising consumption.
For example, Robertson and Vitousek [25] stated
that global consumption of N fertilizer increased
tenfold in the period from 1950 to 2008.
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Graph 1 Main sources of CO»e emissions, own
source - Bernas et al., 2014
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m field emissions N20 (kg CO2e.kg-1 of dry matter) released
after the application of N fertilizers

* Among other system processes, an application of
organic fertilizers, mineral P and K fertilizers, seed
consumption, chemical plant protection and
agrotechnical operations were included.

Conclusion
The results show that the total emission load of the
selected cultivation cycle of maize intended for
biogas production represents 0.140870 kg COe.kg
of maize dry matter. From the system
subprocesses, the largest emission load for the
Climate change impact category is formed by
nitrogen fertilizer application (0.052455 kg
COse.kg” of dry matter) and N,O field emission
resulting after the application of N fertilizer
(0.050359 kg CO,ekg' of dry matter). The
reduction of the amount of CO,e produced within
the cultivation of maize for biogas can be done by
reducing the dose of fertilizer (probably at the cost
of lower vyields), changes of the cultivation
technology or choosing another energy plants.
When deciding on the introduction of another
energy plants suitable for the production of biogas,
it is also necessary to know the COe emission load
generated during its growing cycle. Based on this
finding, it would be possible to carry out further
evaluation and comparison.

Acknowledgement
This paper was supported by the GAJU 063/2013/Z
project - Multifunctional agriculture - new

approaches and technologies within the utilization
of genetic resources, biodiversity conservation,
harmonization of production and non-production
functions.

References:

[1] Barros V, Globalni zména klimatu. 1. vyd.
Pieklad Petr PSenicka. Praha: Mlada fronta,
2006, 165 s., [24] s. obr. piil. Kolumbus, sv.
181. ISBN 80-204-1356-1.

[2] Bellarby J, Foereid B, Hastings A, Smith P,
Cool Farming: Climate impacts of agriculture
and  mitigation  potential, = Greenpeace
International [online]. Amsterdam [cit. 2014-
04-19]. Dostupné Z:
http://aura.abdn.ac.uk/bitstream/2164/2205/1/c
ool farming_full report copy.pdf, 2008.

[3] De Klein C, Novoa RS, Ogle A, Smith KA,
Rochette WTC, McConkey BG, Mosier A,
Rypdal K, N>,O emissions from managed soils,
and CO; emissions managed from lime and
urea aplications. In: Eggleston, S. et al. (eds.).
2006 IPCC  Guidelines for National
Greenhouse Gas Inventories., Agriculture,
Forestry

[4] Dorninger M, Freyer B, Aktuelle Leistungen
und zukiinftige Potentiale der Okologischen
Landwirtschaft fiir den Klimaschutz in
Osterreich, IFOL BOKU, Wien, 2008.

[5] Fott P, Pretel J, et al., Narodni zprava Ceské
republiky o inventarizaci emisi sklenikovych
plyni.. CHMU, 2003, 97 s.

[6] Fott P, Vacha D, 2011, National Greenhouse
Gas Inventory of the Czech Republic, Czech
Hydrometeorological Institute, Prague.

[7] Greadel T, Allenby B, An Introduction to Life
Cycle Assessment. In: Greadel, T. and Allenby
B. Industrial Ecology. New Yersey, Pearson
Education, 2003, p. 183-196.

[8] Haas G, Wetterich F, Geier U, Life cycle
assessment framework in agriculture on the
farm level. J. of Life Cycle Assessment 5 (6),
2000, 345-348.

[9] Honsova H, Pé&stovani kukufice na vyrobu
bioplynu. Biom.cz [online]. 2013-09-16 [cit.
2014-09-25]. Dostupné z WWW:
<http://biom.cz/cz/odborne-clanky/pestovani-
kukurice-na-vyrobu-bioplynu>. ISSN: 1801-
2655.

[10] Ko¢i V, Posuzovani zivotniho cyklu — Life
cycle assessment LCA. Ekomonitor spol. s
r.0., Chrudim, 2009, 263 p.

[11] Konvalina P, Moudry J, Dotlacil L, Stehno Z,
Moudry jr., J, Drought Tolerance of Land
RacesofEmmerWheat in Comparison to Soft
Wheat. CerealResearch Communications,
2010, 38 (3): 429-439.

[12] Konvalina P, Stehno Z, Capouchova I,
Zechner E, Berger S, Grausgruber H, Janovska

222|Page



MENDELNET 2014

D, Moudry J, Differences in grain/straw ratio,
protein content and yieldin landraces and
modern varieties of different wheat species
under organic farming. Euphytica, 2014, 199:
31- 40.

[13] Mastny, P. et al. (2011): Obnovitelné zdroje
elektrické energie. Vyd. 1. Praha: Ceské
vysoké uceni technické v Praze, 254 p. ISBN
978-80-01-04937-2.

[14] Menichettia, E., Ottob, M. (2009): Energy
Balance & Greenhouse Gas Emissions of
Biofuels from a Life Cycle Perspective
[online]. France, [cit. 2014-04-22]. Dostupné
Z: http://mp-
net.pbworks.com/f/SCOPE%20(2009)%20Ene
rgy%20Balance%20%26%20GHG%20Emissi
ons%2001f%20Biofuels%20from%20a%20Life
%20Cycle%20Perspective.pdf

[15] Millar, N., Robertson, G. P., Grace, P. R.,
Gehl, R. J., Hoben, J. P. (2010): Nitrogen
fertilizer management for nitrous oxide (N20)
mitigation in intensive corn (Maize)
production: an emissions reduction protocol
for US Midwest agriculture. Mitigation and
Adaptation Strategies for Global Change. vol.
15, issue 2, s. 185-204. DOI: 10.1007/s11027-
010-9212-7. Dostupné Z:
http://link.springer.com/10.1007/s11027-010-
9212-7

[16] Mori, A., Hojito, M., Kondo, H., Matsunami,
H., Scholefield, D. (2005): Effects of plant
species on CH4 and N20O fluxes from a
volcanic grassland soil in Nasu, Japan. Soil
Sci. Plant Nutr. 51, p. 19-27.

[17] Moudry jr., J., Jelinkova, Z., Moudry, J.,
Kopecky, M., Bernas, J. (2013): Production of
greenhouse gases within cultivation of garlic
in conventional and organic farming
systemproduction of greenhouse gases within
cultivation of garlic in conventional and
organic farming system. Lucrari Stiintifice:
seria Agronomie. 53 (1), p. 1-4

[18] Natr, L. (2005): Rozvoj trvale neudrzitelny.
Karolinum Praha, 102 p.

[19] Natr, L. (2006): Zem¢ jako sklenik: pro¢ se bat
C0O2? Vyd. 1. Praha: Academia, 142 p.
Prihledy (Academia), sv. 2. ISBN 80-200-
1362-8.

[20] Niggli, U. (2011): Zeméd¢lstvi s nizkymi
emisemi sklenikovych plynd: mitigacni a
adaptacni  potencial trvale udrzitelnych
zemédélskych systémi. Olomouc: Bioinstitut,
iii, 22 s. ISBN 978-80-87371-11-4.

[21] Pastorek, Z., Kara, J., Jevic, P. (2004):
Biomasa: obnovitelny zdroj energie. Praha:
FCC public, 286 s. ISBN 80-86534-06-5.

[22] Pendolovska, V., Fernandez, R., Mandl, N.,
Gugele, B., and Ritter, M. (2013): Annual
European Union Greenhouse Gas Inventory
1990 — 2011 and Inventory Report 2013,
European Commission, DG Climate Action,
European Environment Agency, Copenhagen.

[23] Pettikova, V.: Bioplyn — kukufice — krmny
§tovik. Biom.cz [online]. 2012-03-19 [cit.
2014-09-25]. Dostupné z WWW:
<http://biom.cz/cz/odborne-clanky/bioplyn-
kukurice-krmny-stovik>. ISSN: 1801-2655.

[24] Prochazka, J., Dohanyos, M., Kajan, M.,
Divis, J. (2010):Produkce bioplynu z kukufice.
Dostupné z: http://www.czba.cz/produkce-
bioplynu-z-kukurice.html

[25] Robertson, G. P., Vitousek, P. M. (2009):
Nitrogen in agriculture: balancing an essential
resource. Annu Rev Energy Environ 34:97—
125.
doi:10.1146/annurev.environ.032108.105046

[26] Scheer, H. (2007): Energy Autonomy. The
Economic, Social and Technological Case for
Renewable Energy. EarthScan, London.
Sterling, V. A. 321 p.

[27] Solomon, S., Qin, D., Manning, M., Alley,
R.B. (2007): Climate Change 2007: The
Physical Science Basis. Contribution of
Working Group I to the Fourth Assessment
Report of the Intergovernmental Panel on
Climate Change. Cambridge University Press,
Cambridge, UK and New York, N.Y., USA

[28] Stehno, Z., Bradova, J., Dotlacil, L.,
Konvalina, P. (2010): Landraces and
ObsoleteCultivarsof Minor Wheat Species in
the Czech Collection of Wheat Genetic
Resources. Czech Journal of Genetics and
Plant Breeding, 46 (Specialissue): 100-105

[29] Svendsen, G., T., (2011): How to include
farmers in the emission trading system,
ICROFS News, 1/2011, p. 10-11

[30] Weinzettel, J., (2008): Posuzovani Zivotniho
cyklu (LCA) a analyza vstupti a vystupil
(I0A): vzijemné propojeni pii ziskavani
nedostupnych dat. Dissertation thesis, CVUT,
Praha, Czech Republic 151 p.

[31] Zou, J., Huang, Y., Lu, Y., Zheng, X., Wang,
Y. (2005): Direct emission factor for N20O
from rice-winter wheat rotation systems in
southeast China. Atmos. Environ. 39, p. 4755—
4765.

223|Page



