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ABSTRACT: Pure plant oils, used as fuel in compatitohctors reduce greenhouse gas emissions ofjtfoeiléural
sector and thus, lower G@ootprints of agricultural products. Furthermorkarg oils can contribute to increase
security of supply of long-term moderately pricagels for the agricultural production. Since 2008ading
manufacturers offer rapeseed oil compatible tractbtowever, the operating and emission behaviounef
compatible tractors, fuelled with plant oils is wig unknown. Thus, it is the purpose of a presesearch project,
financed by the Bavarian State Ministry of Food, idgfture and Forestry to investigate a fleet obfar - 13 plant
oil compatible tractors of different manufacturénsregard to functionality, performance, fuel comggion and
exhaust gas emissions in practice field tests ana ¢est stand. All plant oil fuelled tractors sleohwery good
operational reliability and all in all similar perimance, fuel efficiency and exhaust emission bielavin
comparison to diesel operation. However, furtheeaech on the long-time behaviour of new tractath wxhaust
aftertreatment systems and the upcoming final esthstage IV is necessary. For broader market iotooh, short-
term stimulation of plant oil fuel use in agricutilimachinery is necessary.
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1 INTRODUCTION

Plant oils, used as fuel in compatible agricultural
machinery significantly reduce greenhouse gas éoniss
and thus, lower the C&ootprint of agricultural products
in comparison to diesel. Harmlessness on climat an
environment is guaranteed by the Directive 200®H28/
in combination with national sustainability ordiras.
Regional processing of plant oils from rapeseed,
sunflower, soybean, Camelina etc. in decentraliséd o
mills increases added value of rural areas andibotes
to the supply of healthy edible oils, not genetical
modified feed, valuable raw materials and high iqual
renewable energy. Hence the degree of self-sufiiigie
with above mentioned products within the EU can be
increased.

In Germany the predominant plant oil used in trexcto
is rapeseed oil (RSO). Rapeseed oil quality is ofiafu
importance for a reliable operation of compatibiesdl
engines. Quality parameters for RSO, which is used a
fuel, were defined in DIN 51605 in the year 201Q [&
January 2012 the limiting values for the content of
calcium, magnesium and phosphorus were strongly
reduced. This corresponds to the increased usehaiist
gas aftertreatment systems (e.g. diesel partictiltees
and SCR catalysts), which can be affected in eff@ien
and maintenance by these elements. Apart from eages
oil also other vegetable oils, such as sunflowerooi
soybean oil can be used as fuel. For these plétle
German pre-standard DIN SPEC 51623 [2] has been
developed to specify relevant fuel characteristics.

According to the German Directive 10. BImSchV
plant oil fuels have to meet the requirements efdém
listed standards to be put on the commercial ma/dsb
the energy tax incentives for agricultural use ahe
crediting for the biofuel quota depend on the coamule
with the fuel standards. Therefore all industriegdde and
decentralised oil mills are - regardless of thémes-
obligated to offer high-quality standard conforrargl oil
fuel.

The usage of rapeseed oil fuel in vehicles and
machineries requires the technical adaption ofrengnd
periphery (especially fuel system), that is eithealized
directly by the manufacturer or by a conversion

workshop. Hassel et al. (2005) [3], Rathbauer et al
(2008) [4], Thuneke et al. (2009) [5] and Embergeal.
[6] showed, that vegetable oil compatible tractcas be
operated reliably with rapeseed oil fuel. Exhauas g
emissions strongly depend on the operating modéeof
engine and the stage of development (exhaust stage)

Exhaust gas stage IlIA tractors of Fendt and Deutz-
Fahr with manufacturer release for the use of egd®il
fuel were offered since 2008. For several yearsnJoh
Deere has been working on tractors fuelled with
vegetable oil in demonstration projects [7] andcsin
2012 a plant oil tractor with exhaust gas stagéslkeing
developed together with the University of Kaisenstan
as well as the TFZ, funded by the Fachagentur
Nachwachsende Rohstoffe e.V. (FNR). The German
agricultural supplier BayWa is adapting Fendt trexto
with a dual fuel system and in Austria the company
Waldland is also adapting tractors, such as CNH.

Despite proven ecological and economic advantages,
an undifferentiated critical image of biofuels isinly
drawn by media. Additionally highly subsidized
agricultural fossil diesel fuel inhibits incentivder a
broader use of pure plant oil fuel in the agrictdtu
sector.

It is the purpose of this work, to show the stdtéhe
art of pure rapeseed oil compatible tractors. Bagmzh
several years of research with so far 13 tractdrs o
different manufacturers and development stagesa(esth
stage I, Il, IlIA and IlIB) by field tests and testand
trials, results of operational reliability, poweutput, fuel
efficiency and exhaust gas emissions are evaluabed
compared with diesel fuel operation.

2 APPROACH

Objects of investigation are 13 plant oil compatibl
tractors, 12 of them are being operated at testdaf the
Bavarian State Research Center for Agriculture. The
tested tractors are listed ifiable 1. Most tractors are
fully adapted to pure rapeseed oil (single-tankesy$
without using a secondary fuel system for coldtstar
idle/low load operation. Four tractors, howeverge ar
equipped with a two-tank solution and featuringual f
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management system, which provides fuel from eittner,
plant oil or diesel tank depending on the operatiade.
During test stand measurement the fuel management
system is deactivated for better comparison. Théama

that during each test cycle, solely one type of fesl

was used. Most tractors fulfill exhaust stage ko
even meet the latest exhaust stage 11IB (correspgnti

Tier 4i).

Table |: Data of monitored tractors

Year of : . Engine Fuel
Exhaus' Engine/
Tractor type manu- oo eetion POWer tanks
facture 9 | inkW  no.

John Deere 2012 B 9 1sa 1
6210R CRY
Fendt 718 2012 mB 89 133 2
Vario CRY
John Deere 2012 mA S 103 1
6630 CRY
John Deere 2000 mA S 147 1
7830 CR
New Holland 2000 A 6 g{! 135 1
T6080 c
Deutz-Fahr M 650 2010 A 6 C){I) 134 2
Agrotron CR
John Deere 2000 mA 8% 103 1
6630 CRY
Fendt 820 6 cyl.

reentec 2009 |||A 152 2
Vario’ CRY
Fendt 820 6 cyl.

reentec 2009 |||A 152 2
Vario’ CRY
John Deere 2008 mA 8 14 1
6930 CRY
John Deere 2008 mA 8% 114 1
6930 CR
Deutz-Fahr 1160 2005 1t SN 119 1
Agrotron TTV PLN
Fendt 412 2003 | 4 Cyl- 94 1
Vario PLN?

9 CR = Common-rail injection
2PLN = Pump-line-nozzle

Emission testing is based on the standard procedure
of ISO 8178-1 [8]. Differing from type approvalshere
engine test stands are used, here the measuresrdonie
at the tractors with mounted engindsiglre 1). The
power is measured at the power take-off (PTO) with
dynamometer (EGGERS PT 301 MES). As testing cycle
the stationary 8-mode-test, which is also knowimNas-
Road-Steady-Cycle (NRSC) is applied. Within the NRSC
the emission results of every single test stageadded
up with consideration of specified weighting fastofhe
emission results over the whole test cycle areutatied
in g/kWhoro A detailed description of the exhaust gas
test stand is given in Thuneke et al. (2009) [5].

Recorded exhaust gas emissions are nitrogen oxides
(NOy), carbon monoxide (CO), hydrocarbons (HC) and
particulate mass (PM), which are limited by law dnds
referred to as “limited components”. Besides the
emission concentrations, the power at the rear powe
take-off (PTO), torque and fuel consumption aregkmt
continuously.

As reference fuel specified diesel test fuel (CEC RF-

06-03) was used. Tested plant oil fuel was coldged
rapeseed oil, complying with the national German
standard DIN 51605 for rapeseed oil fuel.

Figure 1: Plant oil compatible tractor at test stand of the
Technology and Support Centre (TFZ)

3 RESULTS

3.1 Operation behaviour

The tractors irFigure 2, a Fendt Farmer Vario 412
(stage 1) and a Deutz-Fahr Agrotron TTV 1160 (stdpe
are being operated at the test farm LVFZ Kringell
exclusively with rapeseed oil fuel (with exceptiohthe
winter months, when diesel is used).

Both tractors proved their full suitability in
everyday's use for some 5800 h (Fendt) and 4400 h
(Deutz-Fahr) so far. Apart from one defect fueldfee
pump no failures or damages occurred, which can be
attributed to the operation with plant oil fuel.

The analyses of the engine oil demonstrate the
necessity of a more frequent engine oil exchangerye
250 operating hours) for the plant oil compatilvkctors
with pump-line-nozzle injection, due to the typical
accumulation of plant oil fuel in the engine oil.

Regarding performance, both tractors operating with
rapeseed oil fuel showed no significant changenduttie
whole operation period. In accordance with former
results a slightly higher power output in compamigo
diesel fuel could be achieved with the Fendt tmacto
(Figure 3).

Figure 2: Plant oil compatible tractors: Fendt Farmer
Vario 412 and Deutz-Fahr Agrotron TTV 1160
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Figure 3: Power output, torque, fuel consumption of a
plant oil compatible Fendt Farmer Vario 412 tractdth
diesel and rapeseed oil fuel

Inspection of the engines confirmed the good
condition of both tractordzigure 4 shows the pistons of
the Fendt tractor. As it can be seen pistons atiddgys
were completely free of deposits with exception of
harmless reddish residues at one piston (cylinder 4
Besides that, the compression pressure in eacheof th
cylinders was at a constant high value, indicative|
sealed piston rings.

Cylinder heads *

- — [

Figure 4: Pistons, cylinder heads and cylinder liners of
Fendt Vario 412 (exhaust stage 1) at engine ingpect
after 5000 h

Cylinder liners

Further investigations on operation behaviour were
carried out with three exhaust gas stage IlIA tecttwo
plant oil compatible prototypes of John Deere 6930
Premium Figure 5) and one Fendt 820 Vafl§®™* The
tractors are operated at the test farms LVFZ Kiinge
LVFZ Achselschwang and Grub.

Performance and fuel consumption hardly showed
any variances during the investigated period. Tagesof
fuel, accumulating in the engine oil is very low fihe
stage IlIA engines with common-rail injection. This
indicates a proper combustion during plant oil afien
and results in low maintenance efforts, comparabth
diesel operation. Using rapeseed oil fuel all textwvith

exhaust gas stage IlIA and common-rail injectiostemyn
revealed a lower power output than with diesel firel
opposite to the Fendt tractor with pump-line-nozzle
injection - see above). Reasons therefore are diftas

in the net calorific value between rapeseed oil arel
diesel fuel as well as the type, design and moudunaif

the injection system. Hence, general statementsitabo
increasing or decreasing performance by using pdnt
fuel cannot be made. In any case, power output

adjustment is possible by injection parameter metitorh.

Figure 5: Plant oil compatible prototype John Deere
6930 Premium

3.2 Emission behaviour

Overall the exhaust gas components nitrogen oxides
(NOy), carbon monoxide (CO), hydrocarbons (HC) and
particulate mass (PM) determined at a tractor ststd
remained at the same level during the investigation
period.

Figure 6 gives an overview of the results of emission
measurements of four tractors with the exhaustestag
Il, A and 1lIB with rapeseed oil and diesel fuelhe
height of the columns corresponds to the arithmetic
average of three repetitions.

There is a significant reduction of emission lewéh
proceeding exhaust stage for nearly all components.
Considering the higher values determined at a trdesd
stand (by referring them to the work at the povedet
off) in comparison to engine related values at eadest
stands for type approvals the relevant limitinguesl are
met by all tractors with diesel and rapeseed @il.fu
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Figure 6: Specific emissions of NQ CO, HC and PM
(particle mass) of four tractors (exhaust stagéks IlIA,
11IB) with rapeseed oil and diesel fuel operatiorridg
the stationary 8-mode-test (NRSC) according to medifi
ISO 8178
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Comparing rapeseed oil and diesel operation, little
higher NQ,, but lower CO, HC and particle mass (PM)
emissions were observed with rapeseed oil for the
tractors with exhaust stages I, Il and IlIA. HigheOy
emissions for plant oil fuelled engines result fréuel
born oxygen and higher combustion temperatures) bot
factors that stimulate N@formation. Tractor with
exhaust stage IlIB that is equipped with an SCR exhaus
aftertreatment system for exhaust denitrificatidroves
only marginally higher N@ emissions during plant oil
operation and very low concentrations of CO, HC and
PM, which were close to the detection limit.

Overall differences in emission behaviour between
plant oils and diesel fuel decrease with proceeding
exhaust stage and emission control measures

The observed emission behaviour of tractors using
the 8-mode-test with rapeseed oil and diesel fuel a
consistent with former studies such as Rathbauel.et
(2008) [4].

4 CONCLUSIONS

During the observation period the 13 plant oil feel
tractors performed a total of about 20,000 opegdtiours
in field operation and saved about 250,000 | fodigkel
or nearly 500 t C@equivalents.

The tractors (exhaust gas stage |, Il, IlIA and)ll
have proved full suitability in everyday’s use. Apfom
one defect fuel pump no considerable failures onatges
were observed. The inspection of engines from dract
with up to 5000 operating hours confirmed the \gopd
condition of the tractors. Even exhaust gas aéatinent
systems enabled a reliable operation with lower
emissions. Performance and fuel consumption shawed
changes during the investigated period.

Exhaust gas emissions of the tested tractors are
generally low. Differences between plant oil andsei
fuel almost disappear at low emission levels sush a
exhaust stage IIB.

Positive results have encouraged the agricultural
machinery industry to develop tractor applicatidos
exhaust gas stage IV for both, diesel and puret @#n
fuel operation. Therefore, it is essential to camytesting
their performance and long term behaviour with pure
plant oil fuel.

For a higher share of plant oil fuel used in

agricultural machinery public relation work has lie
enhanced and framework conditions have to be ingzrov
for market stimulation.

Figure 7: Presentation of rapeseed oil fuel compatible
tractors with exhaust gas emission stage IlIA onfrof
Bavaria’s representation in Brussels

5 REFERENCES

[1] DIN 51605 (2010): Fuels for vegetable oil
compatible combustion engines — Fuel from rapeseed
oil — Requirements and test methods.

[2] DIN SPEC 51623 (2012): Fuels for vegetable oil
compatible combustion engines - Fuel from
vegetable oil — Requirements and test methods.

[3] Hassel, E., Prescher, K., Berndt, S., Fligge, E.
Golisch, J., Harkner, W., Schimann, U., Sy, G.,
Wichmann, V. (2005): Praxiseinsatz von serien-
maRigen neuen  rapsoltauglichen  Traktoren.
Abschlussbericht. Lehrstuhl fiir Kolbenmaschinen
und Verbrennungsmotoren der Universitat Rostock.
Rostock: Eigenverlag.

[4] Rathbauer, J., Krammer, K., Kriechbaum, T., Rtan
H., Breinesberger, J. (2008): Raps6l als Treib-
stoffalternative in der Landwirtschaft. BMLFUW-LE.
1.3.2/0037-11/1/2006, Forschungsprojekt Nr. 1337,
Endbericht.  Wieselburg:  HBLFA  Francisco
Josephinum, BLT — Biomass/Logistics/Technology;
St. Polten: AGRAR PLUS GmbH.

[5] Thuneke, K., Gassner, T., Emberger, P., Remniele,
(2009): Untersuchungen zum Einsatz rapsol-
betriebener Traktoren beim Lehr-, Versuchs- und
Fachzentrum fiur Okologischen Landbau und
Tierhaltung Kringell. Berichte aus dem TFZ, Nr. 17.
Straubing: Technologie- und Foérderzentrum im
Kompetenzzentrum flir Nachwachsende Rohstoffe.

[6] Emberger, P., Thuneke, K., Remmele, E. (2013):
Pflanzendltaugliche Traktoren der Abgasstufe IlIA.
Berichte aus dem TFZ, Nr. 32. Straubing:
Technologie- und Férderzentrum.

[7] Dieringer S., Pickel, P. (2011): One Tank - hkijle
Fuels. In: The 2ndVegOil Consortium (ed.).
Demonstration of 2nd Generation Vegetable Oil
Fuels in Advanced Engines: Work package 7
Dissemination. Brussels; 2011, p. 1-25.

[8] International Organization for Standardisati@80)
(2006): ISO 8178-1 Reciprocating internal
combustion engines - Exhaust emission measurement
- Part 1: Testbed measurement of gaseous and
particulate exhaust emissions. Second edition 2006-
09-15. Geneva, Switzerland: International
Organization for Standardization (ISO).

6 ACKNOWLEDGEMENT

The authors would like to thank the Bavarian State
Ministry of Food, Agriculture and Forestry for fimeing
the study as well as the providers of the traciorgheir
support. Many thanks go also to the Bavarian State
Research Centre for Agriculture and the test farms fo
excellent co-operation.

i &

Technologie- und Férderzentrum TFZ

im Kompetenzzentrum fiir Nachwachsende Rohstoffe



