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Abstract 
Biodiesel is one of the most tested and efficient amongst alternative fuels on the 
market and a considerable number of scientific papers show that its performance is 
similar to that of petroleum diesel. Moreover, it can work with existing engines and 
injection systems with negligible impact on the operating performance. 
Aim of this work is to assess the performance of biodiesel derived from Cynara 
cardunculus and coffee grounds as fuels, in blend with standard diesel fuel, for 
feeding a compression ignition engine. The combustion behavior and its effect on 
engine performance and exhaust emission levels have been quantified during an 
extensive experimental activity and compared with the results obtained feeding the 
engine with standard diesel fuel, alone or in blend with biodiesel derived from 
Brassica carinata. Results show that an overall conversion efficiency comparable 
or only slightly lower compared to that obtained with standard diesel fuel is 
observed using the biodiesel blends, mainly due to the lower heating value, lower 
for biodiesel than for standard diesel fuel. Moreover, total hydrocarbons (THC), 
carbon monoxide (CO) an particulate matter (PM) are all lowered with biodiesel, 
mainly due to the oxygen present in the biodiesel molecule. For the same reason, 
on the other hand, nitrogen oxides (NOx) increase. 
Thanks to these results, it can be concluded that biodiesels derived from Cynara 
cardunculus and coffee grounds are good candidates for feeding, alone or in blend 
with standard diesel fuel, compression ignition engines. 
 
Introduction 
The European Union imports more than 50% of energy and this amount is expected 
to grow in the future. The condition is even more serious in Italy where energy 
import is higher than 80%, largely covered by fossil fuels. Renewable energies 
sources, and biodiesel in particular, could represent an important opportunity for 
soils considered "at low productivity”; furthermore it offers an important 
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opportunity to reduce the “greenhouse effect”. Biodiesel is obtained from vegetable 
oils thanks to the transesterification process. It is composed by a mix of long chain 
fatty acid methyl esters and exhibits chemical-physical characteristics very similar 
to those of standard diesel fuel. Therefore, biodiesels can be used, alone or in blend 
with standard diesel fuel, as fuel for compression ignition engines. 
Experiments reported in literature [1,2] have already shown that, despite an overall 
conversion efficiency comparable or only slightly lower than using standard diesel 
fuel only, using biodiesel leads to a decrease of all the regulated polluting 
emissions at  the exhaust, except NOx levels, whose behavior strongly depends on 
the amount of oxygen in the biodiesel molecule. 
In this work, a compression ignition engine has been fed with different blends 
obtained mixing the standard diesel fuel with biodiesels derived from Cynara 
cardunculus and coffee grounds. The combustion behavior and its effect on engine 
performance and exhaust emission levels have been compared with the results 
obtained feeding the engine with standard diesel fuel, alone or in blend with 
biodiesel derived from Brassica carinata. 
 
Tested biodiesels 
Cynara cardunculus as source of biodiesel was selected for the activities reported 
in this work since it requires low irrigation, thanks to its biological cycle taking 
place mainly in autumn-winter and followed by a quiescent phase in the summer. 
Coffee grounds, on the other hand, were selected since the extraction process of oil 
from coffee requires low energy amount and it is usually characterized by a high 
efficiency. The results obtained with the two blends (20%vol.) obtained mixing the 
previous biodiesel with standard diesel fuel have been compared with those 
obtained using standard diesel fuel only and in blend (20%vol.) with biodiesel 
derived from Brassica carinata. This last choice is due to the fact that biodiesel 
production from Brassica carinata was soon considered sustainable from an 
energetic and environmental point of view. 
Data related to the composition of fatty acids, methyl esters and acids composition 
for each biodiesel are reported in Table 1. In the same table, the measured Lower 
heating value and the estimated stoichiometric air-to-fuel ratio  are also reported. 
 
Experimental layout and DoE 
The experimental campaign has been carried out using a single cylinder, 4-stroke, 
common-rail Diesel research engine (AVL model 5402). The engine displacement 
is 510 cm3 and the rated maximum power is 18 kW. In Figure 1 the scheme of the 
experimental layout used during tests is reported. 
During the experiments, cylinder pressure was acquired by means of an AVL 
piezoelectric pressure sensor model QC33C. The sensor signal was sampled 
triggering it through an AVL angle encoder model 364C every 0.2 CAD. The 
absolute cylinder pressure, pcyl,abs was stored for 10 consecutive cycles and then 
post-processed. In particular the total Heat Release Rate (HRR) was calculated, as 
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described, for example, in [3]. Other calculated combustion parameters were: the 
ignition delay, defined as the crank angle interval between the angle at which the 
10% of the total heat has been released and the angle at which injection starts; the 
combustion duration, defined as the crank angle interval between the angles at 
which respectively 90% and 10% of the total heat has been released. 
 

Table 1. Composition of each biodiesel 
 

FATTY 
ACIDS 

FATTY ACID 
MOLECULAR 

FORMULA 

METHYL 
ESTER 

MOLECULAR 
FORMULA 

% TOTAL 

Brassica 
carinata 

Cynara 
cardunculus 

Coffee 
grounds 

Palmitic C16H32O2 C17H34O2 3,04 14,45 30,53 
Linoleic C18H32O2 C19H34O2 13,51 46,64 50,81 

Oleic C18H34O2 C19H36O2 13,31 27,55 - 
Linolenic C18H30O2 C19H32O2 8,54 - - 

Stearic C18H36O2 C19H38O2 1,31 4,90 8,14 
Gadoleic C20H38O2 C21H40O2 9,08 0,83 0,48 

Arachidonic C20H32O2 C21H34O2 1,13 0,79 3,19 
Erucic C22H42O2 C23H44O2 48,70 0,67 - 

Behenic C22H44O2 C23H46O2 0,99 - 1,36 
OTHERS - - 0,39 4,17 5,49 

% UNSATURATION 94,64 79,81 57,65 
Lower heating value, Hi [MJ/kg] 40.69 39.18 40.10 

Stoichiometric air-to-fuel ratio  stFA  12.75 12.44 12.39 
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Figure 1. Experimental layout 

 
Based on cylinder pressure, it was possible to estimate the indicated power Pi 
supplied by the engine: 

Rcycle

abscyli n

n
dVpP  ,        (1) 
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where V is the instantaneous cylinder volume, n is the engine speed while nR (=2 in 
this case) is the number of crank revolutions for each power stroke. The fuel 
average mass flow rate fm  was measured by means of a AVL 733S Fuel Balance. 

The measurement of the fuels mass flow rate allowed to estimate the fuel 
conversion efficiency referred to the indicated power: 
 

if

i
f Hm

P

 
               (5) 

 
The pollutant emissions levels at the exhaust have been measured by means of an 
AVL AMA i60 emission analyzer. On the other hand, Particulate Matter (PM) has 
been measured using an AVL Smoke Meter 415S. The engine speeds and loads set 
during experiments are respectively: 1200, 1700, 2200, 2700 rpm; 15, 30, 45%. For 
each pair of engine speed and load, the four different fuels have been used, keeping 
constant the amount of total fuel injected per cycle. 
 
Results and discussion 
In Figure 2a, the absolute cylinder pressure (pcyl,abs) measured when feeding the 
engine with standard diesel fuel, B20 Brassica blend, B20 Cardunculus blend and 
B20 coffee blend as a function of crank angle is plotted; in Figure 2b, related HRR 
are reported. It is visible that, using biodiesel blends, combustion starts earlier than 
using standard diesel fuel; moreover, the pressure peak is lower. This behaviour is 
confirmed in Figure 3a in which the ignition delay is reported for tests at n=2200 
rpm: varying the engine load, combustion of B20 Brassica and Cardunculus is 
always characterized by a lower ignition delay; B20 coffee exhibits an intermediate 
value, while the highest value is always represented by the standard diesel fuel. in 
Figure 3b the related combustion duration is reported. 
 

 
Figure 2. Comparison of cylinder pressure and HRR obtained with standard diesel fuel, 

B20 Brassica, B20 Cardunculus, B20 Coffee (n=2200 rpm) 
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Figure 3. Comparison of ignition delay and combustion duration obtained with standard 
diesel fuel, B20 Brassica, B20 Cardunculus, B20 Coffee (n=2200 rpm, engine load=45%) 

 
The longest durations characterize the combustion of all B20 biodiesel blends; the 
shortest duration is observed, on the contrary, using the standard diesel fuel. The 
combustion behavior previously described justifies the results in terms of engine 
conversion efficiency, reported in Table 2 for the biodiesel blends as percentage 
variation with respect to the standard diesel fuel only operating condition. In fact, 
although in few cases the conversion efficiency with biodiesel blends increases 
compared with the standard diesel fuel only case, the majority of the operating 
conditions are characterized by a slightly lower conversion efficiency. 
 

Table 2. Percentage variation of the engine conversion efficiency when operated with 
biodiesel blends with respect to the standard diesel fuel only operating condition 

 
 B20 Brassica B20 Cardunculus B20 Coffee 
          Load 
 
n [rpm] 

15% 30% 45% 15% 30% 45% 15% 30% 45% 

1200 -1.5 3.5 1.1 -11.3 2.0 -0.5 -4.7 1.2 -0.6 
1700 2.7 1.9 2.9 -10.6 0.7 1.7 -15.0 -1.8 0.9 
2200 1.8 -1.3 0.8 -4.8 3.1 -1.0 -7.1 1.7 -4.2 
2700 3.8 -1.1 1.3 4.0 0.6 -2.3 4.0 -9.4 -0.3 
 
In Figure 4, finally, THC, CO, NOx and PM levels are compared, for different 
levels of the engine load. Using biodiesel blends a significant reduction THC, CO 
and PM is observed, while an opposite behavior is observed for NOx. B20 derived 
from coffee grounds, in particular, shows lower levels of NOx and higher levels of 
THC, CO, and PM compared to the other B20. 
 
Conclusions 
In this work the performance of biodiesel derived from Cynara cardunculus and 
coffee grounds as fuels, in blend with standard diesel fuel, for feeding a 
compression ignition engine have been assessed. 
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Results show that an overall conversion efficiency comparable or only slightly 
lower compared to that characterizing an engine fed with standard diesel fuel is 
observed using the biodiesel blends. Moreover, unburned hydrocarbons, carbon 
monoxide an particulate matter are all lowered with biodieselOn the other hand, 
nitrogen oxides increase. 
Thanks to these results, it can be concluded that biodiesels derived from Cynara 
cardunculus and coffee grounds are good candidates for feeding, alone or in blend 
with standard diesel fuel, compression ignition engines. 
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Figure 4. Emission levels measured at exhaust as a function of engine load (n=2200 rpm) 
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