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ECOLOGIZATION OF FARMS BASED ON EXHAUST EMISSION ST ANDARDS OF
AGRICULTURAL MACHINES USED IN KROTOSZYN COUNTRY

Summary

The interest in organic farming, due to the inciegsdemand for food free of residues of plant prtiten chemicals, min-
eral fertilizers and heavy metals, is getting bigged bigger. However, it should be remembered imaddition to avoid-
ing the use of chemical methods for plant protectmd care, as well as growth stimulators and &otibs in animal

breeding, it is also important to reduce the negateffects on the natural environment. Therefdne, use of energy-
efficient machines, which additionally do not ptdlthe environment excessively, is one of the elsnoé organic farming.
In recent years, the issue of reducing nitrogerdesgiand particulate solids emitted by engines incagiural tractors is

considered more and more rigorously. The aim of gtudy was to analyze motor agricultural machinssd in farms in
Krotoszyn County in terms of exhaust emission st@sd The researches covered 30 randomly seleateusf in which 12
agricultural tractors were used. Analysis of theults showed that the majority of tractors usedgniculture in Krotoszyn

County do not meet any exhaust emission standadishat these machines are obsolete.
Key words: exhaust emission standards, organic farming, meielasion of agriculture

EKOLOGIZACJA GOSPODARSTW ROLNICZYCH NA PODSTAWIE NO RM EMISJI
SPALIN SILNIKOWYCH MASZYN ROLNICZYCH U ZYTKOWANYCH NA TERENIE
POWIATU KROTOSZY NSKIEGO

Streszczenie

Zainteresowanie rolnictwem ekologicznym eklizcoraz wigkszemu popytowi ngywnai¢ wolng od pozostakéci srodkow
ochrony rg@lin, nawozéw mineralnych i metaliggkich jest coraz wksze. Nalgy jednak pamgtac, ze poza unikaniem sto-
sowania chemicznych metod ochrony ig¢gahcji raslin oraz stymulatoréw wzrostu i antybiotykdéw prhowie zwierat,

wazne jest rownig ograniczenie wywierania negatywnych skutkéwénaalowisko naturalne. Dlatego jednym z elementow

rolnictwa ekologicznego jest stosowanie energogsnyrh maszyn, ktére dodatkowo nie zanieczyszozaimierniesro-

dowiska. W ostatnich latach coraz bardziej rygoygzhie podchodzi gido kwestii ograniczania tlenkow azotu ystek
statych emitowanych przez silniki wygnikach rolniczych. Celem pracy byta analiza siimilgch maszyn rolniczychi-

kowanych w gospodarstwach rolnych powiatu krotésiziggo pod &em norm emisji spalin. Badaniami ettj losowo wy-
branych 30 gospodarstw rolnych, w ktoryclytihuje s¢ 112 cizggnikéw rolniczych. Analiza wynikéw wykazale ,wicksz@¢

ciggnikéw w badanych gospodarstwach nie speta@nych norm emisji spalin g0 maszyny przestarzate.

Slowa kluczowe: normy emisji spalin, rolnictwo ekologiczne, mechkanja rolnictwa

1. Introduction

The period of intensive development of techniquag-
riculture and implementation of new and intensivedoic-
tion technologies negatively affected the harmosimter-
action of factors shaping the natural environmeht].

poverishment of animal world and excessive chenzigal
tion of environment [10]. Organic farming is aneaftative
management system in relation to the conventioystem.
It combines the most environmentally-friendly fani
practices, protection of natural resources, higellef bio-
diversity, the use of high standards concerningahienal

The growing human population, depletion of many rewelfare and the use of production methods basetatural

sources and the pressure on the environmental gbiarie
urge the Member States of the European Union toigda
the approach in terms of production, consumptioac@ss-
ing, storage, recycling and utilization of biologjicre-
sources [17]. In view of growing negative impact af-
thropogenic human activity on the natural environme
there is an urgent need for greening of scienahnigue
and global awareness of human. The greening shoeild

substances and natural processes [5, 19]. Curremggnic
farms include farms, which take advantage of taold ma-
chines to improve of the soil structure and savergn
Moreover, these tools and machines do not ovefécathe
deterioration of the natural environment [24]. fregion of
Poland with the European Union had a positive imgec
the improvement of farming in the native agricutumhe
introduction of direct subsidies, as well as rudalelop-

understood as the need to introduce pro-envirormhentment programs was an important factor supportingelde

changes in all areas of human activities. Pro-emvirental
activities should focus primarily on preventiont lalso on
elimination and compensation of anthropogenic tisteghe
most important threats include: atmospheric dediaicia
pollution and water shortages, shrinking of sodawrces
and deterioration of soil quality, disappearancémh, im-
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opment [7, 8]. The changes that took place in africe
after 2004 are the results of covering Poland withcom-
mon agriculture policy of the European Union [2BE&rms
with the support of EU funds have modernized tmea-
chinery park. Modern machines introduced in regerars
into the farms are a determinant of technical pesgrand
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also contribute to the improvement of agricultugedening

90% and the emission of nitrogen oxides (NOx) b%05@,

[14, 15, 16]. Implementation of modern environméntal?2].

technologies is a kind of innovation that limitseegy con-
sumption, reduces material consumption, optimizehro-
logical process, prolongs exploitation of machireasd
minimizes the quantity of produced waste [20]. Mk
of tractors and other machines equipped with irtlecom-
bustion engines causes the exhaust emission. &&ds Ito
the pollution of the atmosphere. Additionally, iase of
improper exploitation and negligence in the hargllof
used materials, such as engine oils, residuesaot protec-
tion products, empty product packaging, etc., suid
groundwater contamination occurs [18]. The greeruoifig
agriculture meets the rigorous exhaust emissiondstals
that must be fulfilled by engines introduced irtte imarket
of agricultural machines. These standards focusarily
on the reduction of nitrogen oxides (NOx) and paitite
solids (PM) emission. Currently, motor and non-nnizex
methods for the reduction of emission are used. ueeof
motor methods in this context is based on the dptition
of the combustion process in terms of improvemé reco-
logical properties. As a result, it helps to obtairsignifi-
cant reduction in harmful exhaust gas compoundd, an
the same time — it is very economically advantagdau?2,
6, 11, 13, 22]. The first exhaust emission stansiéod die-
sel engines above 37 kW (50 hp) used in non-roaithes
(including farm tractors) were introduced in 1998tage I.

Subsequently, more rigorous exhaust emission stdsda

were determined, depending on engine power. Irydaes
2001-2002 Stage Il standard, in the years 2006-Z388e
llIA, in the years 2011-2013 Stage IlIB standardl @ahe
currently applicable Stage IV standard was impleein
2014. The transition to Stage IlIB was undoubtetiig
most significant change — taking into account thmevip
ously implemented changes in exhaust emission atead
because it reduced the emission of particulates) (B

2. Purpose, scope and methodology of researches

The aim of this study was to analyze the proguss
greening of farms based on exhaust emission stdadar
agricultural machines used in farms in Krotoszyru@g.
The researches covered 30 randomly selected fahfns.
filiations to particular exhaust emission standdrdaccor-
dance with Table 1 were determined on the basikeofige
and power of agricultural machines, combine hagrsst
and self-loading loaders. NOx is emission of nignogXx-
ides, HC — emission of hydrocarbons, CO — emissibn
carbon monoxides, and PM - emission of particulates

3. Results and analysis of researches

As a result of the performed researches, a sagidul-
tural tractors was obtained. Then on the basib@fyear of
production and power, machines were assigned tioidhd
ual groups of exhaust emission standards. Detaikete
about the number and total power of tractors weesented
in Table 2.

Table 2. Agricultural tractors in the analyzed farm
Tab. 2. Cigniki rolnicze w analizowanych gospodarstwach
rolnych

Exhaust emission stan{ Number Total tractor power
dard of tractors [kW]
No emission standard 61 2646.3
Stage | 3 183.1
Stage | 4 297.1
Stage lll A 6 454.4
Stage Il B 5 430.1
Stage IV 2 177.9

Source: own work Zrodlo: opracowanie wlasne

Table 1. Permissible emission of non-road motoicles in accordance with EU-97/68/EC
Tab. 1. Dopuszczalna emisja pojazdéw silnikowyeknaigowych wedtug EU-97/68/EC

Power range

HC [gkwh™] | NO [g-kwh7]

kW] CO [gkwh] NMHC + No, PM [gkwh?] | Implementation date
Stage |
37< Praxl<75 6,5 1.3 9.2 0.85 1999
755 Pnax<130 5 1.3 9.2 0.7 1999
130< Ppays560 5 1.3 9.2 0.54 1999
Stage Il
18< Ppay<37 5.5 1.5 8 0.8 2001
37< Praxl<75 5 1.3 7 0.4 2004
755 Pnax<130 5 1 6 0.3 2003
130< Ppays560 3.5 1 6 0.2 2002
Stage lll A
19< Ppay<37 5.5 7.5 0.6 2007
37< Praxl<75 5 4.7 0.4 2008
755 Pnax<130 5 4 0.3 2007
130< Ppays560 3.5 4 0.2 2006
Stage Il B
37< Pax<56 5 4.7 0.025 2013
565 Prax<75 5 0.19 3.3 0.025 2012
755 Pnax<130 5 0.19 3.3 0.025 2012
130< Ppays560 3.5 0.19 2 0.025 2011
Stage IV
565 Prnax<130 5 0.19 0.4 0.025 2014
130< Ppay<560 3.5 0.19 0.4 0.025 2014

Source: own work based on [23)¥¥6dto: opracowanie wtasne na podstawie [23]
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The majority of agricultural tractors operatingfarms
located in Krotoszyn County are not limited by ex$ia
emission standards. As shown in Fig. 1, 75% otdracdo
not meet exhaust emission standards, while only 3%
tractors meet the latest Stage IV standard.

= No emission standard
= Stage |

= Stage 1

= Stage IIT A

= Stage 11 B

® Stage IV

Source: own work Zrodlo: opracowanie wiasne

Fig. 1. Percentage share of the number of trathatsmeet
individual exhaust emission standards

Rys. 1. Procentowy udziat liczbygghikdw spetniajcych
poszczegdblne normy emisji spalin

Taking into account the total power of all agricul

As in the case of agricultural tractors, the migjoof
combine harvesters operating in farms located wtd&zyn
County do not meet exhaust emission standardscdara
dance with Table 2, the share of such machine2%s. 7

1 No emission standard
= Stage I

= Stage II

= Stage IIT A

= Stage Il B

= Stage IV

Source: own work Zrodlo: opracowanie wlasne

Fig. 3. Percentage share of the number of combameeit-
ers that meet individual exhaust emission standards
Rys. 3. Procentowy udziat liczby kombajnéw spejoiajh
poszczeg6lne normy emisji spalin

Furthermore, the analysis covered the total pafe|
combine harvesters that meet individual exhausss&on

tractors meeting the emission standards, the ®ituat standards. The power of older combine harvestezsating

changes a little. The average power of agriculttnadtors
that do not meet any exhaust emission standardwisrl

in farms located in Krotoszyn County that do notemmany
exhaust emission standards is significantly smalian the

than in the case of newer, more energy efficien anpower of newer combine harvesters. Therefore, dregmt-

ecological tractors. The percentage share of tta power
of tractors working in farms located in Krotoszywoudty
(depending on the exhaust emission standardskegepted
in Fig. 2.

= No emission standard
= Stage [

m Stage II

= Stage III A

= Stage Il B

= Stage IV

Source: own work Zrodto: opracowanie wiasne

Fig. 2. Percentage share of total power of tracteesting
individual exhaust emission standards

Rys. 2. Procentowy udziatdznej mocy aignikdw spenia-
jacych poszczegOline normy emisji spalin

age share of total power for combine harvestersdbaot
meet exhaust emission standards was significaatyaed
(52%) compared to the percentage share of suchinemb
harvesters. Detailed data are presented in Fig. 4.

= No emission standard
= Stage I

= Stage II

= Stage IIT A

= Stage I B

® Stage IV

Source: own work Zrédio: opracowanie wiasne

Fig. 4. Percentage share of total power of tractoegting
individual exhaust emission standards

Rys. 4. Procentowy udziaidznej mocy gignikdw spetnia-
jacych poszczeg6lne normy emisji spalin

The analysis carried out for self-propelled loadéex

A similar analysis was made for combine harvestergluite opposite than in previous cases. The totaibar of

which according to the adopted methodology wer@aes
to particular groups of exhaust emission standakdital
number of 7 combine harvesters operate in the exami
farms. The exact data are shown in Table 3.

Table 3. Combine harvesters in the analyzed farms

all self-propelled loaders in examined farms isrita) of
which only one machine does not meet the exhaug-em
sion standards (Table 4).

Table 4. Self-propelled loaders in analyzed farms
Tab. 4. tadowacze samojezdne w analizowanych gaspod

Tab. 3. Kombajny ztiowe w analizowanych gospodar- Stwach rolnych

stwach rolnych

Exhaust emissionNumber of combine Total power of com-
standard harvesters bine harvesters [kW]
No emission
standard 5 382.4
Stage | 0 0.0
Stage | 0 0.0
Stage lll A 1 191.2
Stage Il B 1 166.9
Stage IV 0 0.0

Source: own work Zrodio: opracowanie wlasne
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Exhaust emission ngfL_' mrl()) ereﬁ; d Total power of self-
standard Io% dgrs propelled loaders [kW,
No emission
standard L 478
Stage | 0 0.0
Stage | 1 88.2
Stage Ill A 1 73.5
Stage Il B 2 161.8
Stage IV 0 0.0

Source: own work Zrodlo: opracowanie wlasne
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The highest percentage share (40%) of self-pregell
loaders (in accordance with Fig. 5) meets Stadg® $tan-
dard. These are the machines purchased in recers. yEhe
purchase of self-propelled loaders by farms on rgela
scale has increased in recent years, so the nuofilder
machines compared to the number of machines pwdhas
in the last ten years is much smaller.

= No emission standard
= Stage [

= Stage IT

= Stage [I[ A

= Stage [II B

» Stage [V

Source: own work Zrodio: opracowanie wiasne

Fig. 5. Percentage share of the number of selfellegp
loaders that meet specific exhaust emission stdsdar
Rys. 5. Procentowy udziat liczby tadowaczy samaojgzu
spetniajcych poszczegoline normy emisji spalin

The smallest share of the total power of all self-

propelled loaders (13%) is presented by machinas dh
not meet any exhaust emission standard, but asrsimow
Fig. 6-43% of machines meet Stage IIIB standard.

1 No emission standard
= Stage [

= Stage I

= Stage [IT A

= Stage [11 B

® Stage [V

Source: own work Zrodto: opracowanie wiasne

Fig. 6. Percentage share of total power of loatteas meet
individual exhaust emission standards

Rys. 6. Procentowy udziatdznej mocy tadowaczy spetnia-
jacych poszczegOline normy emisji spalin

4. Conclusions

The conducted researches and analysis of thenebtai
results enable to formulate the following conclasio
The majority of motorized agricultural machingseo
ating in farms located in Krotoszyn County do naetany
exhaust emission standards. This results directlyn fthe
year of production of these machines.
The total percentage of power of machines thahaio
meet the exhaust emission standards is smallerttigaper-
centage of these machines. This results from titeehipower
of engines working with newer agricultural machines
Agricultural machines operating in farms located
Krotoszyn County are outdated, which negativelyeet®
the natural environment and the process of agtillt
greening.
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