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Summary

Growing energy consumption and decreasing fossdras are reasons for increasing prices of fossfed fuel. High
prices for fossil fuels, associated with favouraimeral regulations for biofuels, which are wellifided in many eco-
logical and economical advantages, led to a highathel on vegetable oils, used for fuel applicatiboday 13 indus-
trial and more than 300 decentral oil mills prodpcedominantly rapeseed oil, mainly for energete in Germany.
The demands on quality of rapeseed oil, used aslarf compatible diesel engines are defined innae national pre-
standard DIN V 51605. Quality assurance systemsléoentral processed rapeseed oil are being dedtlopd estab-
lished. In Germany over 60 mainly small sized qurises offer solutions for the technical adaptattbrconventional
diesel engines for the use of pure rapeseed qgileBances in field tests with rapeseed oil fuetledines are better than
expected. Prior applications for rapeseed oil &rel niche markets, such as environmental sensitiv@s and agricul-
tural machines, due to a limited number of engypes and the advantage of closed economic andialdtew loops.

1 Introduction More than 60 % of the oil reserves are locatedhi t
Middle East, which results in a high dependencydibr
The primary energy consumption in the world has in- importing countries. Besides limited availabilitthe
creased from 8,3 to 10,2 Mio. t oil equivalent bedw contribution to the greenhouse effect is anotheblem
1994 and 2004. The growth mainly takes place ireAsi  of fossil fuels. Moreover, there is the danger ofie
especially in China and India (Figure 1). The miost ronmental pollution during production, transportdan
portant primary energy source is oil (37 %). Howeve utilisation.
conventional mineral oil production will reach isaxi-

mum within the next decade. Apart from saving energy resources by higher energy
conversion efficiency, alternative energy sources c

11000 help to solve the problems. Especially biomasscas-a

Mio. t OF mulated solar energy in gaseous, solid and ligaithf

§ 2322 s has a big potential. Liquid biomass such as vedetab
E 70004 i oils, tha_t are characterised by high energy denaitg

& 6000 Middle East appropriate to be used as fuels in combustion esdin

2 5000 Furope & substitute fossil diesel fuel. Vegetable oils canpro-

g 4000 Euresisa duced out of more than 2000 plant species all tiver
2 3000 world in both industrial or small decentralised ills.
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o - There is a growing demand on pure rapeseed ol ase

1994 1996 1998 2000 2002 2004 a fuel for adapted automotive and stationary diesel
Year gines in Germany. Reasons therefore are increasing

prices for fossil diesel fuel and heating oil, achageous

regulations for biofuels as well as the public sem@ss

of the excellence of rapeseed oil fuel, regardingi-e

ronmental impacts and the development of regional

Figure 1: Worldwide Primary Energy Consumption in
Tons of Oil Equivalent (OE) (Reference: BP Statsti
Review of World Energy, 2005)



markets. However, pure rapeseed oil used as a fuel
raises important questions about deficits and atmoé
extended utilisation.

2 Purpose
It is the purpose of this work, to show the stdtéhe art

of pure rapeseed oil fuel production and utiligatia
Germany. Therefore comprehensive results of various

Winter Rapeseefd 2006 0 2000-2005
Acreage 1,40 Mio. ha +16,2 %
Yield per hectar¢ 3,75 t/ha +7,8%
Total yield 5,27 Mio. t + 25,2 %

Table 1:Acreage and Yield of Rapeseed in Germany
(Reference: BMELV, Referat 425; Statistisches Bun-
desamt)

research works are combined. Based upon these factsrapeseed oil can be produced in small agriculfra

conclusions for future relevance of rapeseed odl fu
applications in Germany will be drawn.

3 Results
3.1 Framework for Biofuels

The EU directive 2003/30/EC, which aims at a mini-
mum proportion of biofuels by 31st of December 2010
of 5,75 % and the council directive 2003/96/EC, clahi
enables excise tax reduction on biofuels are bfasis
extended utilisation in the member states.

The German act for excise tax on fuels, which sstar
tax exemption for biofuels until the 3bf July and the
amendment of the act on granting priority to rertdea
energy sources (Renewable Energy Sources Act)hwhic
guarantees power feed-in tariffs for biomass plants
paved the way for the present competitiveness of bi
fuels for automotive and stationary engines. Howeve
since August 2006 a new act on taxation of energy
products will lead to a stepwise taxation of biceie
(beginning in August 2006) and rapeseed oil fue- (b
ginning in January 2007) until full taxation of 8,4/l

will be reached in 2012. The future market releeaot
biofuels is depending on the development of mineilal
prices. However, in case of very low prices forsfbs
fuels an adjustment of the tax rates for biofuslgrio-
posed. Additionally, since January 2007 a new @egul
tion will dictate a minimum share of biofuels foiedel
and petrol producers. For biofuels, that are useatyri-
cultural machines, an entire tax relief is beingtowed.
Thereon the presently very high demand for rapeséed
fuelled tractors and machinery can be deducted.

3.2 Growing Rapeseed
Rapeseed is the most important oil crop in Germany,

because growing rapeseed is well established iougr
tural practice and high oil yields from 1,0 to 1//8a are

achieved. Growing rapeseed has been extended during

the last years and reached an acreage of 1,4 Mm. h
tares in 2006 (Table 1). The total yield increase8,3
Mio. t, which is a plus of 25 % compared to therage
yield of the last 6 years.

duction units (decentral oil mills) and used fornya
different applications, such as edible oil, lubtioca
agents or fuel for adapted engines. Important fuep-
erties, such as cold flow properties and oxidaitabil-
ity are more favourable for rapeseed oil, thandibrer
plant oils.

3.3 Production of Rapeseed Oil
Today 13 industrial and more than 300 decentral oil

mills produce rapeseed oil, mainly for energetie irs
Germany (Figure 2).
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Figure 2:Location of Industrial and Decentral Oil Mills
in Germany

Processing in industrial oil mills is done by “warm
pressing” with solvent extraction, which leads tghhoil
yields of up to 99 %, but on the other hand reguire
several steps of refining (Table 2, Figure 3). Bubigh
expenditure, only plants with high production capes

of up to 3000 t oilseed per day operate econorgicall
successful.



Plant type IndustriakE DecentraP
Number of plantg 13 322
Processing “warm pressing”| “cold pressing”
technology solvent extraction filtration
refining
Processing up to 3000 tons| 0,5 to 25 tons
capacity seed per day seed per day
Energy 1,7GJ 0,1-0,5GJ
consumption per ton seed per ton seed
Oil yield 99 % 75-85 %

Table 2:Features of Industrial and Decentral Oil Mills

Oilseed Raffination
v
Degummin
Conditioning 2 2
L2
L2
X Neutralisation
Pre-Pressing [
v
L2
. Bleaching
Solvent-Extraction
v
l—‘; Deodorisation
VL v
Meal Crude Oll Refined Oil

Figure 3:0il Production Steps in Industrial Plants

Like for industrial plants, also for decentral gkanoil
processing technology is state of the art. Equigngen
provided by many suppliers. The production is cbara
terised by “cold pressing” with processing capasiti
from 0,5 to 25 tons seed (and more) per day withioeit
need of refining, with low energy consumption, higo
with lower oil yields from 75 % to 85 %. (Figure.4)
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Figure 4:0il Production Steps in Decentral Plants

Due to the lack of refining steps, oil seed quadihyd
pressing parameters have big influences on theachar
teristics of vegetable oil fuel. Important requiesmts for
the production of high quality rapeseed oil fued:ar

« Full ripeness of the rapeseed

* No germinated seeds

» Low share of contamination in the oilseed

* Low storage temperature (< 12 °C)

« Aeration during storage

< Low energy impact on seed and oil during pressing

« Precise adjustment of the press (e.g. screwiootat
speed, nozzle diameters, steel bar gaps)

« Sophisticated oil clearing systems, includingebaf
filtration

Despite plenty of experiences, process optimisaison
still possible and necessary for both, high proiduact
efficiency and high product quality. Furthermorey a
effective quality management system for rapeseéd oi
fuel has to be established.

3.4 Demands on Rapeseed Oil Fuel Quality

The demands on rapeseed oil fuel quality were first
defined in the Quality Standard for Rapeseed Oihas
Fuel (05/2000), which was the basis for the preddad
DIN V 51605 (Figure 5). Therein the latest cognitp
regarding rapeseed oil production, analytics arginen
applications are incorporated. According to DIN V
51605 the production of rapeseed oil fuel can eibee
done by mechanical extraction with or without solve
extraction. Thus, both cold-pressed rapeseed all an
chemically extracted and refined rapeseed oil can b
used, as long as limiting values are fulfilled.idtnot
allowed to use rapeseed oil, which has gone thramgh
prior application (e.g. cooking oil or lubricaticmil).
Denaturation can be done by adding a maximum share
of 2,9 mass-% rapeseed oil methyl ester according t
DIN EN 14214. For this purpose diesel is not agplic
ble, in order to guarantee the German classifingimt
hazardous to waters" for rapeseed oil.
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Figure 5:Pre-Standard DIN V 51605 for Rapeseed Oil
Fuel (www.beuth.de)

Besides others, like ignition behaviour, the maiifed
ence between rapeseed oil and diesel fuel is vtgcos
Whereas the viscosities of both fuels are simitarigh
temperatures, viscosity from rapeseed oil increases
overproportional with decreasing temperatures (féigu
6). This is the reason, why conventional dieselireg
have to be adapted to the special needs of rapeskeed
fuel, before rapeseed oil can be used properly.
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Figure 6:Viscosity of Diesel and Rapeseed QOil Fuel

3.5 Blends of Rapeseed Oil and Diesel Fuel

Depending on the share of added rapeseed oil hidwe ¢
acteristics of the blends differ widely from diegeél.
Especially the deviant kinematic viscosity and casib
tion behaviour can lead to insufficient fuel disgen in

the combustion chamber, to incomplete combustion
during cold starts and low engine load operatiowel$

as to fuel-entry into the motor oil. Thus, the wsfe
blended diesel fuel with a high share of rapeseknh o
modern conventional diesel engines is connecteldl avit
high risk of engine damage.

Systematic tests on two Deutz engines (BF4M2012),
fuelled with blends of different shares of rapeseidh
diesel fuel (0 %, 25 %, 50 %, 75 %) at a test stayd
the University of Hohenheim, Germany showed severe
coking on valves and injection nozzles, depositthat
piston and abrasion of the top piston ring afted 8-
erating hours. With increasing share of rapesekdhai
problems get worse, which results in a higher emgin
wear and lower engine durability. The blend with%5
rapeseed oil led to an engine breakdown after @ratp
ing hours.

Thus, for a long term reliable and low emissionrape
tion of diesel engines with diesel blends or pwaper
seed oil fuel, adaptation of the engine is required

3.6 Rapeseed Oil Fuelled Engines

Purpose built rapeseed oil fuelled engines of recen

times were developed in the 1980s. The most famous

designer was Ludwig Elsbett. Today adaptation ofco

ventional diesel engines is typical. Structural sweas

for adaptation can be (among others):

 Preheating of the fuel

« Exchange of fuel and injection system components

» Modification of injection pressure and time

» Modification of combustion chamber

« Adaptation of engine management system

« Additional diesel fuel system (for cold start alwlv
load operation)

In Germany more than 60 mainly small sized entsegri
offer solutions for the technical adaptation of \cem
tional diesel engines for the use of pure rapessied
Adaptation costs vary from 1.000 to 7.000 €, depend

on adaptation technology and engine size. Converted
engines are used in cars, busses, trucks, traatgisul-
tural and construction machinery, stationary ersgine
trains and boats.

Today far more than 12 000 vehicles and statiopary
gines are operated with pure rapeseed oil fuelr¢app
mately 50 % cars and 50 % trucks, tractors andsjtie
Germany. Operational reliability is high for mamga;e
types with aligned adaptation systems.

Within a field survey 107 rapeseed oil fuelled toas of

10 different manufacturers and 7 adaptation conggani

were tested for their technical and economic féagim

practical use for three years. Scientific monitgrinas

done by the University of Rostock. Results are [2]:

e Tractor malfunction depends mainly on tractor and
engine type but also on adaptation measures

« Functional efficiency is best for Deutz engined-endt
and Deutz-Fahr tractors (50 of 66 tractors shoveedrn
only marginal failures)

 Fuel lubricated distributor-type fuel injectiorumpps
are not suitable for rapeseed oil fuel

« Low load operation leads to deposits and fuetyent
into the motor oil (danger of motor oil thickening)

< Engine performance, limited exhaust gas emissamiks
fuel consumption are similar to diesel fuelled toes.

Promising results encourage the agricultural maciin
industry to consider own developments of rapeséed o
fuelled tractors. After the field survey 92 tractare still
being operated with rapeseed oil fuel, which shaws
high satisfaction of the users and the capabititypriac-
tice.

3.7 General Aspectsfor Successful Engine Operation
with Rapeseed Oil Fuel

For a successful engine operation with rapeseefialil

following works before adaptation are advisable [1]

« Inspection and adjustment of start of fuel delyvand
injected fuel amount

« Inspection and maintenance of injection nozzles

 Control of compression pressure of each cylinder

« Control of motor oil pressure

« Control of seals and pipes of the fuel systenidia-
ings, leakages)

Besides the works prior to adaptation, some aspects
during the operation with rapeseed oil fuel havebéo
considered [1]:
« Driver instruction
« Motor oil control daily before start; when motof

level is increasing: location of fuel entry andngha-

tion



« Immediately after adaptation: analyses of motdr o
samples every 50 operating hours

< Annual control of injection nozzles

« Before a longer period without operation: lasplaga-
tion with diesel fuel

3.8 Exhaust Gas Emissions

The Technologie- und Foérderzentrum in Straubing is
investigating together with the LVFZ Kringell, subs
dised by the Bavarian State Government for Agrigelt
and Forestry, two rapeseed oil fuelled tractorpracti-

cal use. The aim is - among others - to determinate

emission characteristics by recurrent measurement.

Obijects of investigation are a Deutz-Fahr Agroffarv
1160 and a Fendt Farmer Vario 412 tractor. The meas
urement of exhaust gas emissions takes place diRhe
test stand according to EU-Directive 2000/25/EG.
Thereby, eight test stages within the engine opeyat
map are run through in one trial. The results afrgv
single test stage are added up with specified wiaigh
factors. Result discussion is done in terms of simns
standards and differences between rapeseed oiafgkl
diesel fuel operation.

Prior to engine adaptation the limiting values afrd&
pean exhaust gas stage 2 are proven to be fulfiligd
diesel fuel (Figure 7). The demands on nitrogerdesi
emissions (NQ) are met accurately. By adaptation
emission behaviour is changed significantly. Wiibsel
fuel about 50 % higher particulate mass and 4 %drig
nitrogen oxides emissions are determined. Runnimg o
rapeseed oil N@emissions increase, exceeding the
limiting value at 14 %. However, particulate massl a
hydrocarbons emissions are less with rapeseedielil f
compared to diesel fuel prior and after adaptation.
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Figure 7:Emissions of a tractor with diesel and rapeseed
oil fuel compared to the European exhaust gas ftage
4 Conclusions and Outlook
Favourable general framework, which resulted inhhig

price differences between diesel and rapeseedadildéd
to a high demand on rapeseed oil production fas]it

rapeseed oil fuel and rapeseed oil fuelled engm&er-
many. Prior applications for rapeseed oil fuellegires
are either fleets, with only a limited number offefient
engine types or machines, that are operated irrcgmnvi
mental sensitive areas, like tractors and cogedopearat
plants.

For further development of rapeseed oil fuel w@tlsn

with all advantages for the environment and rediona
economy, existing framework conditions need to te-c
tinued. The present bottleneck in rapeseed oil Igupp
needs to be removed by higher rapeseed acreage, mor
rapeseed imports and enlargement of plant capacitie
Also other vegetable oil fuels might be an optipm-
vided that the minimum requirements of the vegetalis

will be worked out and sustainable production used.

Quality demands for rapeseed oil fuel are well kmand
defined in the new pre-standard DIN V 51605, whih
widely introduced in practice already. Although eaped
oil fuel producers and users are mainly aware ®fied
of quality assurance, only few act sufficiently.ushqual-
ity assurance systems for decentral processedeeged
need to be established for better engine opereati@bil-
ity and fulfilment of emission demands.

Engine adaptation technique is widely available fmel
ther developed, companies for adaptation arisehand
full order books. In Germany the demand is espgcial
high in the transport sector and for agriculturalchines,
latter due to high agro-diesel costs, continuingredief
for biofuels, used in agriculture and the posgipiif self-

supply.

Experiences in field tests with rapeseed oil fuelagines
are all in all better than expected. This appl@sopera-
tion reliability, emissions and efficiency. The iagttural
machine industry consider the chances of rapeséed o
technology and engage in the development of rapesiee
fuel compatible tractors.

Besides further improvement of engine adaptatich-te
nique and development of the adaptation of modarn e
gines, insecurities regarding warranty agreements f
rapeseed oil fuelled engines need to be abolishib@.
can be solved either by close co-operations between
gine adaptation companies and the automotive indast
series-production of rapeseed oil compatible engyse
tems. Further systematic tests with modern engames
necessary and exhaust gas aftertreatment, likeydate
filter systems have to be designed for rapeseedueil
application, accompanied by fuel optimisation.

With continuing great demand of potential userngesaed
oil fuelled trucks and tractors may soon be sottligtri-
ally with high product quality and economic berefibr
both producers and users.
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