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Abstract

The production of synthetic fuels from alternatsaurces has increased in recent years as a cleaoer,
sustainable source of transport fuel is now reguita response to European renewable energy targets
Ireland has committed, through the Biofuels ObigaiScheme of 2008, to producing 3% of transpatsfu
from biofuels by 2010 and 10% by 2020. In orderb® suitable for sale in Europe, diesel fuels and
biodiesels must meet certain European fuel spetifios outlined in the EN 590:2004 and EN 14214900
standards. The aim of this project is to prepaemdié of varying proportions of synthetic diesell {{@yn-
diesel), produced from the pyrolysis of plasticrsus regular fossil diesel. The viscosity (ffsh and
density (kg/mi) of these blends as well as of the regular disglwere analysed in relation to compliance
with the European fuel standard EN 590.
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1 Introduction

1.1 Biofuel policy

1.1.1 European biofuel policy

The European Council released a new Directive iQ920n the promotion and use of energy from
renewable sources. This directive amends and repeeth Directive 2001/77/EC of the European
Parliament and of the European Council of 27 Sep&r2001 on the promotion of electricity produced
from renewable energy sources in the internal ebitgt market and Directive 2003/30/EC of the Eugap

Parliament and of the European Council of 8 May368 the promotion of the use of biofuels or other
renewable fuels in transport [1]. The directive foons the European Community’'s commitment to the
previous mandatory targets of a 20% share of erfeogy renewable sources in overall Community energy

consumption by 2020 and a mandatory 10% minimuigetaof transport fuelled by renewables by 2020

[1].
1.1.2 Irish biofuel policy

As a response to the above mentioned Europeandisofargets, Ireland developed a Biofuels Obligatio
Scheme (BOS) in order to meet the required tardéts.BOS will ensure that a certain percentagéef t
transport fuel used in the state by 2010 consistsafuels. The penetration level of the BOS ishto 3%
(by volume) in 2010. This figure will move to 6% 2012 if certain criteria are met. Going beyond 2@1
is the Government’s intention to progressively @age the level of the obligation in a manner coesis

with the pace of developments within the rest ef it to ensure the delivery of the 2020 10% tdi2jet

Both European and Irish biofuel policies fail t@dmporate alternative fuels other than biodiesgrasent.
It is important that these policies are updatedltow the contribution of other alternative fuetsich as

synthetic diesel, to the European and nationalwabé energy targets.

1.2 EN 590:2009 fuel standards

Fuels are required to meet certain fuel specificatito ensure adequate performance in spark and
compression combustion engines. When these spaaific are met, alternative diesels can be usétein
most modern engines without any modification whilaintaining the engines durability and reliability.
The EN 590:2009 standard, developed by the Eurofeenmittee for Standardization (CEN), specifies
property limits which marketable fuels must confotmm The standard also specifies test methods for

marketed and delivered automotive diesel fuel [3].



When tested using the standard test methods imdicat Table 1, marketable automotive diesel fuel

properties must be within the limits specifiedliese tables.

Table 1Generally applicable requirements and test metEd{590:2009

Property Unit Limits Test Method
Minimum | Maximum

Density at 15°C kg /th 820.0 845.0 EN 3675, EN 12184

Kinematic Viscosity at 40°C mffs 2.00 4.50 EN 3104

1.3  TheCynar Process

The Cynar Process is a chemical recycling procdgshaconverts waste plastics into synthetic fudle T
system technology was developed by Cynar Plc. Vhtem can directly process a wide range of unsorted
and unwashed plastics including commercial and stréid packaging as well as heavily contaminated
agricultural wastes. [4]. The system consists otlstin-feed system, pyrolysis gasification chamber,
contactor, condensers, centrifuge, oil recovery,loff-gas cleaning, and adulterant removal. A Cyiant

can produce up to 9500 litres of high-grade symthietel (Cyn-diesel) from 10 tonnes of waste plasti
(polyethylene, polypropylene and polystyrene), vaifstems ranging from 10 to 20 tonnes per day. The
Cynar Process yields a hydrocarbon distillate césimay straight and branched chain aliphatics, cycli

aliphatics and aromatic hydrocarbons. The resukingdure is essentially equivalent to regular di¢Se

14  Fud Properties

1.4.1 Viscosity

Viscosity is defined in the International Stand&hd 3104:1996 as “the resistance to flow of a flurdier
gravity” [6]. Viscosity is a key fuel property asinfluences the atomization of a fuel upon injectinto
the combustion chamber and eventually the formatiosoot and engine deposits [7]. In a diesel engin
the liquid fuel is sprayed into compressed air, ataimized into small drops near to the nozzle &tie
liquid fuel, usually, forms a cone-shaped sprathatnozzle exit and its viscosity affects on thenaration

quality, size of fuel drop and penetration [8].

1.4.2 Density

Density is defined by the International Standard B993:1996 as: “mass of the liquid divided by its
volume at 15 °C or 20 °C, reported in units of maass volume, together with the standard reference
temperature; for example, kilograms per cubic matr&5 °C for practical purposes, the apparent rimass
air corrected for air buoyancy may be taken toesent the mass” [9]. Knowledge of density givesaat
indication of fuel type. For fuels of a known tyfieserves as a general inspection check for theguce of

contaminants. It also influences the performangeuofips in fuel systems [10].



15 Fue blending

In light of the EU requirements relating to biofsieutlined above, blending of alternative dieselduwith
regular diesel has taken on added importance. Bigradlows the adjustment of fuel properties irelinith

EU standards while achieving the targets outlimethe EU Directive on the promotion and use of gper
from renewable sources. The majority of research Ien carried out on blending several types of
biodiesel [11-13], with conventional diesel. Fevatudies have dealt with alternative fuels from othe
feedstocks. These feedstocks include straight abgebil [14], waste polystyrene [15], and biomHs.

Few studies examine the effect of blending of fukdlgved from plastic with diesel.

The fuel properties of alternative fuels differfr@onventional diesel and can have an importaetefin
engine performance. Therefore, an understandirtheofuel properties of alternative diesels, didgels
and their blends is important before using sucinddein a diesel engine [8]. As the use of alteveati
diesels becomes more widespread, engine manufectheve expressed concern about the differing
properties of alternative fuels. It has been reggbthat the addition of biofuels to petrodieselduesults

in the enhancement of the properties related tanjeetion and lubrication of the fuel in the engg12].

The blending of alternative diesel fuels at dififigrilevels with conventional diesel can have a $icamt
effect on blend fuel properties such as viscosityf density properties. Research has been carriedmou

the properties of alternative fuels and blends wétroleum diesel [8, 11, 13-15, 17-19].

1.5.1 Blending — Viscosity

Several studies have been carried out examininglilemding biodiesel with regular diesel affects el
blends’ viscosity [8, 11, 14]. Tat and Van Gerpdr][studied the kinematic viscosity of blends of
biodiesel with commercially available diesel fuel$e results indicated that the viscosity of thaight
biodiesel and biodiesel-diesel blends are highan tregular diesel, while the viscosity of the bkend
increases with increasing biodiesel content [11ptékin and Canakci [8] examined two commercially
available diesel fuels and blends of six differeagetable oils (sunflower, canola, soybean, codeds
corn oils and waste palm oil) with these dieselduAccording to the results, the viscosities & tilends
increased with the increase of biodiesel concedatrah the fuel blend, however, the viscosity does
change mostly for the blends up to 20% biodiesgl48ollé et al. [14] examined the variation of aisity

of a number of blends of straight vegetable oil (§With diesel oil. It was found that blends contag up

to 30% SVO have viscosities lower than 4.5 7isnand therefore conform to EN 590 standards feseli

Pramanik [13] found that viscosity of blends ofggtha oil with diesel increased with increasinguoés
of jatropha oil in the blends, while the viscosgyreduced by heating. This trend can be seengur€&il.

Among the various blends, the blends containingoup0% jatropha oil have viscosity values closéhtat



of diesel while blends containing 40% or more japh@ oil have higher viscosities than diesel. The
viscosity of the blends containing 30% oil becarnose to that of diesel in the temperature rangesnbf
35-40 °C. The corresponding temperatures were foorige and 54 °C and 55-60 °C for 40% and 50%
blends and even higher for 60% and 70% blend9Da6%°C and 70-75 °C[13].
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Figure 1: Effect of temperature on the viscosity of jatroglilzand various blend [13].

Kuzhiyil and Kong [15] used biodiesel as a recyglimgent in which polystyrene (PS) packing peanuts
were dissolved in different concentrations as amee@ recover energy from waste plastics. Results
indicated that the optimal polystyrene concentratttat could be used without difficulties in fuldW and
injection was 5% by weight and 10% is the feasibldt beyond which the fuel mixture became too
viscous for proper fuel pump operation. Higher @ncations caused poor fuel flow through the ingect
system and higher emissions. However, PS concimtraf 2% by weight (viscosity of 6.36 nifs) was

the only blend to come close to conforming to t!&TM D 445 standard (1.9—6.0 ris) [15].

The effects of different gas-to-liquid (GTL) volunfeactions on GTL-diesel blends’ properties were
examined in a paper by Wuet al. [16]. The studyedsined the viscosity of the blends keeps relafivel

constant when the GTL volume ratio is below 50%,ityencreases when the ratio goes beyond 50%. This
result can be seen in Figure 2 [16].
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Figure 2: Effect of GTL fraction on viscosity of GTL-dieseldnds[16]

1.5.2 Blending — Density

Several studies have been carried out examininghiiemding biodiesel with regular diesel affects finel
blends’ density. Altepkin and Canakci [8] examirtbd densities of blends of biodiesel derived frar s
different vegetable oils (sunflower, canola, soyhezottonseed, corn oils and waste palm oil) witio t
commercially available diesel fuels. They foundtttiee densities of diesel fuels are lower than ¢hok
biodiesels, and the density of the blends approacke of the diesel fuels as the biodiesel conatatr
decreases in the blends. The density of the bieHiisesel blends increases with the increasing melu
fraction of biodiesel in the blends [8]. Abolléadt [17] carried out a study on the density of kbiestraight
vegetable oils (SVO) with diesel fuel. The densit@ SVOs vary from 0.9 to 0.93 kg/l, whereas the
density of conventional diesel varies from 0.81087 kg/l. It was found that density increases as

concentration of palm oil in the blends increadeg.[

Wu et al. [16] examined the effects of different lGJolume fractions on GTL-diesel blends’ properties
The study determined that the densities of the ®Ends decreased gradually with increasing volume
fraction of GTL. This result can be seen in Fig8rdhis is due to the fact that the density of G3 lower
than that of diesel fuel by 7.2% [16].
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Figure 3: Effect of GTL fraction on density of GTL-diesel hids [16]

2 Materials and Methods

Samples of Cyn-diesel were obtained from Cynarifleortlaocise. This Cyn-diesel was produced by the
pyrolysis of waste plastics as described in théi@@®n pyrolysis above. Regular road diesel wa® al

obtained for preparing blends with the Cyn-diesel.

Cyn-diesel was blended with regular diesel in gt 10%, 20%, 30%, 40% and 50% Cyn-diesel by

volume. Samples of pure diesel and Cyn-diesel aks@ used for analysis.

The EN 590 standard specifies test methods anag@uoes which should be followed in the testingue f
properties in relation to compliance with EN 59@eTstandard governing the measurement of viscissity
EN 3104:1996 - ‘Petroleum products - Transparerd apaque liquids - Determination of kinematic
viscosity and calculation of dynamic viscosity'.i3hmethod requires the use of a u-tube viscoméfer [
The standard governing the measurement of dersitgN 3675:1996 — ‘Crude petroleum and liquid
petroleum - Laboratory determination of densityrelative density - Hydrometer method’. This method
requires the use of a hydrometer [9]. An altermat®st method for density is EN 12185:1996 — ‘Mdtho
of test for petroleum and its products - Crudegdetrm and petroleum products - determination ofsdgn

- oscillating u-tube method’. This method requittes use of an oscillating u-tube.
2.1  Determination of kinematic viscosity

The dynamic viscosity, in centipoise (cP), of el sample was measured using a rotational vistarme

The conversion of the obtained dynamic viscositthtorequired kinematic viscosity is outlined.



Viscometer

The dynamic viscosities of the fuel samples wererm&ned using a Brookfield DV-11+ Programmable
viscometer. The viscometer measures dynamic vigciwsunits of centipoise (cP). The ULA spindle deo

00) was used.

The water bath temperature was set at 40 °C ftingethe fuel samples as this is the temperatueeipd
in the EN 590 fuel standards.

Before testing the fuel samples, the viscometer vaibrated using a sample standard. Viscosity was

measured for each of the 7 different blends.

2.1.1 Calculation of kinematic viscosity

The dynamic viscosity (1) measured by the proceddab®ve is expressed in centipoise (cP).
Kinematic viscosity¥) is the ratio of dynamic viscosity to density. Kmatic viscosity can be obtained by
dividing the dynamic viscosity of a fluid with thituid’s density ¢) as represented by the following

equation:

v =pu/p
Where

v = kinematic viscosity

u = dynamic viscosity

p = density

The following steps were followed to convert toédimatic viscosity:

1. The units of the measured dynamic viscosity wenevetted from cP to Ns/mfollowing the
relationship: 100 cP = 1 Nsfm

2. The units of the measured density at 40°C were exted from kg/m to N$/m* following the
relationship: 1 kg/m= 1 N$/m".
The equation above was evaluated, giving kinemsizosity in nf/s.
Kinematic viscosity is required in nffs according to the EN 590 standard. This is obtiiby
multiplying nf/s by 1¢°.

5. As such, kinematic viscosity in nffa was calculated using the measured dynamic \itgcasd
density [19].



2.2  Determination of Density

The densities of the samples were measure usirenaifd 30PX portable density meter by Mettler Toled

The Densito meter measures density using the aseil tube method. Density was measured in gatm
15 °C (the temperature specified in the EN 590 &tehdards) and 40 °C (required in the calculatibn
kinematic viscosity). The Densito meter has a dgnsinge of 0 -2 g/cfy a density resolution of 0.0001

g/cnt and a density accuracy of +0.001 gicm

Density was measured at 15 °C and 40 °C for eacheokeven different blends. The density meter was
calibrated using a sample standard prior to thdeémpntation of the experimental procedure. As sthad,

density meter was producing precise results withauracy of +0.001 g/cin

3 Results

3.1 Viscosity

The results of the experimental procedure carrigdagth the Brookfield viscometer are outlined iable
2. The viscosity measurements shown are dynam@osity. In order to compare these results to the EN
590 standard, it was necessary to convert to kitiermiscosity. The steps outlined in Section 2.1drev

followed to convert dynamic viscosity in cP to kinatic viscosity in mrfs.

Table 2 Viscometer results — dynamic viscosity

Dynamic Viscosity (cP)
Rep | Rep | Rep | Rep | Mean Dynamic Standard Standard
1 2 3 4 Viscosity (cP) Deviation Error
Diesel 248 | 248 | 249 | 2.48 2.48 0.01 0.003
10% Cyn-diesel | 2.44 | 2.43 | 2.44 | 2.43 2.44 0.01 0.003
20% Cyn-diesel 24 | 239 | 2.39| 2.39 2.39 0.00 0.002
30% Cyn-diesel | 2.33 | 2.34 | 2.34 | 2.33 2.34 0.01 0.003
40% Cyn-diesel | 2.28 | 2.28 | 2.29 | 2.27 2.28 0.01 0.004
50% Cyn-diesel | 2.24 | 2.23 | 2.24 | 2.23 2.24 0.01 0.003
100% Cyn-diesel | 1.83 | 1.83 | 1.86 | 1.86 1.85 0.02 0.009




Table 3Viscometer results — kinematic viscosity

Kinematic Viscosity (mn/s)
Rep | Rep | Rep | Rep | Mean Kinematic Standard Standard
1 2 3 4 Viscosity (mnt/s) Deviation Error
Diesel 2.96 | 2.96 | 2.97 | 2.96 2.96 0.01 0.003
10% Cyn-diesel | 293 | 2.93| 2.92 | 2.91 2.92 0.01 0.006
20% Cyn-diesel | g9 | 2.88 | 2.87 | 2.87 2.88 0.01 0.005
30% Cyn-diesel | 287 | 283 | 2.82 | 2.81 2.82 0.01 0.005
40% Cyn-diesel | 278 | 2.78 | 2.77 | 2.75 2.77 0.01 0.007
50% Cyn-diesel | 274 | 274 | 2.72 | 2.71 2.73 0.01 0.006
100% Cyn-diesel | 230 | 2.30 | 2.33 | 2.33 2.31 0.02 0.009

The final kinematic viscosity results obtained frtime experimental procedure (Table 3) can be coatbar
to the EN 590 viscosity requirements outlined irbl€al. The EN 590 standards for kinematic viscosity
specify that the fuel must have a viscosity wittfie range of 2.00-4.50 nifs. By comparing the mean
kinematic viscosity of each of the blends with thégjuirement, it can be seen that all of the blesds
within this range. As such, each of the 7 blends isompliance with EN 590 requirements in terms of

kinematic viscosity.

32  Density

The results of the experimental procedure carrigidvath the Densito 30PX portable density meter are
given in Table 4. The density readings are showg/firf’. In order to compare these results to the EN 590

standard, it was necessary to convert to the ofiiensity to kg/m

The density of the blends in kg/man be seen iffable 4. The EN 3675 standard for the measurenfent o
density states that the final result is to be reggbto the nearest 0.1 kg/m

Table 4 Density results at 15°C in kgfm

Density at 15°C (kg/m)

Rep | Rep | Rep | Rep | Mean Density | Standard | Standard

1 2 3 4 (kg/m?) Deviation Error
Diesel 838.6| 838 |838.5| 836.3 837.9 107 053
10% Cyn-diesel 833.5| 834.1| 834 | 833.8 833.9 0.26 0.13
20% Cyn-diesel 830.3| 830.3| 830.2| 830.3 830.3 0.05 0.02
30% Cyn-diesel | 825.7| 825.7 | 825.5| 825.7 825 7 0.10 0.05
40% Cyn-diesel | 821.3] 821.5[ 821.2] 821.9 8215 0.31 015
50% Cyn-diesel | 817.1] 817 |817.1] 817.3 8171 0.13 0.06
100% Cyn-diesel | 796.2| 796.3| 795.9( 793.2 705 4 1.48 0.74
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The EN 590 standards for density specify that thed must have a density within the range of 8.245-8.
kg/m®. Comparing the mean density of each of the blevittsthis requirement, it is clear that blends ap t
and including, 40% Cyn-diesel content are withiis fange. Blends containing 50% and 100% Cyn-diesel
lie below the required density range. As such, didenp to, and including 40% Cyn-diesel contentiare
compliance with EN 590 requirements in terms ofsityn The blends containing 50% and 100% Cyn-
diesel are not in compliance with EN 590 standatusrefore, it is probable that blends containipgards

of 50% will also not be in compliance.

3.3 Satistical analysis

3.3.1 T-test for significance

The t-test for significance, carried out using SM@s used to determine whether the observed diftese
in responses (i.e. values of viscosity, and depsitg due to the treatments (i.e. differing bleatios of
Cyn-diesel versus regular fossil diesel) or simlydom variation. The purpose of significance tegsts
to ensure that the experimenter does not try trpnét random variation. The output of interestrfrie t-
test is the P value. If the P value is small it rhayused to reject the null hypothesis (i.e. thatdbserved
difference between means is due to chance) asredibte. Ultimately, if the P value is small (<0)0&
can be said with a reasonable amount of confidématethe observed effects were due to treatmeattsff
[20].

The output (P) from the t-test for significance floe dynamic viscosity results from the viscoméddess
than 0.0001. Similarly, the t-test for significarfoe the kinematic viscosity results which were qred
using the dynamic viscosity results from the viseten shows that P < 0.0001. Furthermore, the Pevalu
from the t-test for significance for the densityults from the Densito density meter is again kass
0.0001, confirming that blending of Cyn-diesel witbgular diesel in differing ratios has a highly
significant effect on the observed differenceseéngity. These results confirm that blending of @yesel
with regular diesel in differing ratios has a highignificant effect on the observed differencesigtosity

and density.

3.3.2 Regression analysis

Regression analysis can be used to determine thteélngory effect of one variable upon another tte
case of this project, the effect of increasing @igsel concentration in the fuel blend on seledted
properties (viscosity and density). The regressinalysis is utilised to estimate the quantitatiffeat of
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the causal variables upon the variable that théyence [20]. In regression, theé Ralue is a statistical
measure of how well the regression line approximéte real data points. Arf Bf 1.0 indicates that the
regression line perfectly fits the data. THevRlue is calculated by expressing the regressimdél) sum

of squares statistic as a percentage of the totalsd squares.
The regression analysis was carried out using Sat&tscal analysis software.

Table 5 gives the output from the regression aimabgplied to the dynamic viscosity, kinematic oisity
and density results. In each case, the regressalysas gives an Relose to 1. This high Rvalue indicates
that a linear relationship approximates the coti@iabetween the measured parameter of the fueldble
and the percentage Cyn-diesel content very welleduation can be obtained from the regression sisaly
which can be used to predict the variation of yrdpeeter) according to the change in x (Cyn-diesel

content).

The P_synd parameter in table 5, gives the sldp#he line. This parameter indicates that for each
percentage increase in Cyn-diesel in the fuel hldmedynamic viscosity decreases by 0.006 cP.|&ilyi

both kinematic viscosity and density of the fuedrd decreases with increasing the Cyn-diesel ctonten

Table 5 Regression analysis output

Parameter R P-synd Equation
Dynamic viscosity 0.98 -0.006 cP y =-0.006x + 2.51
Kinematic viscosity 0.97 | -0.006 mris y =-0.006x + 3
Density 0.99| -0.43kg/m | y=-0.43x+838.22

Figure 4, graphs the dynamic viscosity versus Ggsel content of the fuel blends. The linear regjoes
line is imposed in the data. As evident from thapdr, a linear relationship is a good fit for thesetved

data.
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Figure 4: Dynamic viscosity (cP) from the viscometer versys-@iesel content (%).

Figure 5 shows the linear regression line fittedht® kinematic viscosity versus Cyn-diesel contéatta.

The graph shows that the linear relationship is@ddit for the observed data.
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Figure 5: Kinematic viscosity (mris) from the viscometer versus Cyn-diesel cont@)t (
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Figure 6 shows that the regression line is a gdofbif the relationship between the density of fhel

blend and the Cyn-diesel content of the blend.

Density

840

833 R?—0.99
230

825

820
815 \\\ ® Density at 15C (kz/m3)

810
805 ™~ _ ,
\\\ — Linear (Density at 15C

g0a
—as \: (kg/m3)}

790

Densityat 15C (kgfm3)

0 20 40 60 80 100

% syndiesel

Figure 6: Density (kg/ml) versus Cyn-diesel content (%).

4 Discussion

The statistical analysis of the experimental resatinfirms that the blending of Cyn-diesel with uieg
diesel has a highly significant (P< 0.0001) effecteach of the fuel blends’ properties examinedséah,
it is clear that the Cyn-diesel used in this stadg be blended with regular diesel to ensure cordace

with EN 590 specifications for the properties inigsted.

The main aim of this project was to analyse cerpaoperties of blends of Cyn-diesel versus regrdad
diesel fuel in relation to compliance with EN 53@rslards. The results from the experimental progedu
allow the evaluation of the fuel blend propertieselation to compliance with the standards reglineEN
590. As it can be seen in the results sectionctimparison of the properties of the fuel blendthednEN
590 standards results in a number of trends. ¥Finstlrelation to kinematic viscosity, all of thedl blends
are in compliance with EN 590 specifications. Hoemwonly blends of up to and including 40% Cyn-
diesel are in compliance with EN 590 specificatiémsdensity. This analysis shows that a blend @64
Cyn-diesel is in compliance with all of the EN 588ecifications examined, and as such could be glane

the European fuel market.
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The t-test for significance highlights that blerglimas a highly significant (P < 0.0001) effect ameknatic
viscosity. The regression analysis shows that &mhepercentage increase in Cyn-diesel in the fiezidh
the kinematic viscosity decreases by 0.006%sanThus, by increasing the Cyn-diesel contenteffuel

blend the kinematic viscosity of the blend is dased.

Similarly, the statistical analysis shows that bieg has a highly significant (P < 0.0001) effeat the
density of the fuel blend. The regression analgbi®wvs that for each percentage increase in Cyreldies
the fuel blend, the density decreases by 0.43 kdfimus, by increasing the Cyn-diesel content offtted

blend the density of the blend is decreased.

The review of the literature pertaining to the prdjes of fuel blends highlights the effectiveneds
blending various alternative fuels with regularsdiefuel in altering the resulting fuel blends’ pesties.
However, there is a gap in the literature in asagste properties of blends of synthetic diesel flerived
from waste plastics with regular diesel. It is hibpieat this project will provide a relevant assesstof the
kinematic viscosity, density, cold filter pluggiagd flash point of Cyn-diesel blends with regulisdl. It
is hoped this work will complement existing resdairto the properties of alternative fuels and dkeof

these fuels with regular diesel.

5 Conclusion

Several key findings have emerged as a resulti®frbrk.

Firstly, it can be confirmed that blending of Cyieskl with regular diesel has a highly significeffect on
the properties of the resulting fuel blend. Thaultssshow that by increasing the Cyn-diesel contérihe

blend, the kinematic viscosity and density of thend decrease.

Secondly, the evaluation of compliance of the tlehds in relation to EN 590 specifications haswsho
differing results. The kinematic viscosity of alf the fuel blends are in compliance with EN 590
specifications. However, only blends of up to, amluding, 40% Cyn-diesel are in compliance with EN
590 specifications for density. This analysis shetives a blend of 40% Cyn-diesel is in compliancthwaill

of the EN 590 specifications examined, and as socdkd be placed on the European fuel market (peavid
that the blend meets the requirements for the gthgperties in the EN 590 specification). This firgl
highlights the potential for Cyn-diesel blends ®ibcorporated into the European and national rahéav

energy targets.

The next step would be to carry out a full chandsétion of the fuel blends in relation to the athe

properties in the EN 590 specification. This woeldable the evaluation of blends of Cyn-diesel with
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conventional diesel fuel in relation to compliarveith the full range of properties included in th 590

fuel specification.
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