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INTRODUCTION 
 
 
In June 2015, Emulsion Power S.r.l. has commissioned to CMD – “Costruzioni Motori Diesel S.p.A.”– to carry 
out a test session at the bench on the diesel engine IVECO N40 ENT M25, to assess performances and 
emissions when fuelled with the Emulsion Power Stable Emulsion in comparison with standard Diesel 
EN590. 
 
CMD Costruzioni Motori Diesel S.p.A. is a company which develops, manufactures and markets Diesel and 
gasoline engines for automotive, aeronautics and marine industries; it works in collaboration with 
recognized entities like: FIAT, Alfa Romeo, Audi VW, Ford, Maserati, Ducati, Moto Morini. It also develops 
engine for marine competitions and for aviation.  
 

 
 
 
CMD S.p.A., after the test with STABLE EMULSION has been carried out on June 24th 2015, as stated in 
technical report RT15.42, has certified the proper operation of Diesel engines with the STABLE EMULSION 
by Emulsion Power: 
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The comparison between test run with Diesel and emulsion (STABLE EMULSION) can give reliable results 
under certain specific conditions only: 
 

 The Diesel used in the test must be exactly the same fuel used to produce the emulsion 
 

 The two fuels must be analysed by an accredited laboratory to determinate the most significant 
physical-chemical properties of the two fuels 

 
 

 
 

Stable Emulsion and pure diesel tanks used for the test 

 
 

 
 

CE of the engine used during the test  
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For this reason, Emulsion Power S.r.l. supplied both the fuels used for the test directly (the Stable Emulsion 
has been produced at the production plant of Emulsion Power in Arquata Scrivia, with “STABLE BOX D2500” 
and additive “ACD317”)) and commissioned to “Laboratorio Chimico Merceologico Cosulich Giorgio SAS” to 
carry out the fuel analysis. 
 

            
 

Laboratory chemical results 

 
The results of the analysis reported above show that the Stable Emulsion used for the tests was containing 
12,9% by weight of water, result in compliance with the range stated by the Italian law (D.M 20/03/2000 e 
s.m.i., which states the technical requirements for the water-in-oil stable emulsions to allow their 
commercialization at reduced excise regime for both automotive and heating purposes). 
 
 

 
 

Stable Emulsion range under D.M. 20/03/2000 (Italian spec) 
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ACHIEVED RESULTS 
 
 
Form the tests carried out at one of the CMD test benches on the Diesel engine IVECO N40 ENT M25, below 
the results obtained are reported with particular focus on emissions and performances (torque, power and 
fuel consumption). 
 
 

 
 

TEST BENCH, ROOM N°3 
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1- SWITCHING FROM DIESEL TO EMULSION: EFFECTS ON ENGINE PERFORMANCES 
 
The results showed below are the graphic representation of the measurements acquired during 
Test 2 and Test 5. 
 

 
 

Figure 1: limit engine curves – torque and power at maximum load 

 
 
As expected, the engine fuelled with Stable Emulsion shows an overall decrease of the torque value 
and consequently of the engine power, in respect whit the Diesel case. The difference between 
maximum values of the two quantities is showed in Table 1: 
 

 Diesel Stable 
Emulsion 

Difference [%] 

Torque [Nm] 684 634 -7 

Power [kW] 189 178 -5,5 

 
Table 1: comparison of peak values 

 
Since the Stable Emulsion contains a significant amount of water (12,9% by weight), any conclusion 
about these results should not be done before conducing a proper analysis of the real fuel 
consumption.  
 
The term Fuel Consumption refers to the mass quantity of the fuel that in the unit of time is fed to 
the engine. However, it must be calculated what is the real fuel consumption, that is the amount of 
Diesel fed, because the fuel consumption directly depends on the amount of water in the emulsion. 
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For this reason, based on the fuel analysis previously reported, a new quantity has to be calculated. 
It has been called “Diesel Consumption”, calculated from the former one (Fuel Consumption), 
subtracting the % by weight of water in the Stable Emulsion. Obviously, in the case of Diesel there 
is no difference between them. 
 
It must be noted that proceeding in this way, the additive used for the stable emulsion production 
(2% by weight) is assumed to be Diesel. This approach gives even more confidence to the results 
showed here since the additive has a lower LCV (Lower Calorific Value) in respect with the Diesel. 
 
The hourly Diesel Consumption comparison of the two cases indicates that after 2200 rpm are 
reached, the emulsion starts to perform better than Diesel, yielding to an averaged fuel saving of 
around 7%, as shown in Figure 2.  
 

 
 

Figure 2: fuel consumption in relationship with torque curve 

 
 
It must be noted that the range 2200 – 3000 rpm is the most important one for this engine because 
it contains the speed range delimited by the maximum torque and maximum power functioning 
points (compare with Figure 1). This is the range in which normally trucks have to run for better 
performances (elasticity and fuel saving). 
 
However the real fuel saving must be evaluated considering the power output. This can be done 
comparing the Specific Fuel Consumption values (specific to power). As previously done with the 
fuel consumption, from the Specific Fuel Consumption [g/kWh] provided by CMD, the new quantity 
called “Specific Diesel Consumption” has been calculated subtracting the % by weight of water in 
the Stable Emulsion. 
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Figure 3: specific fuel consumption in relationship with torque curve 

 
 
Figure 3 shows that after the point of maximum torque and till the point of max power, there is an 
inversion of the trends of the specific fuel consumption curves where the use of emulsion permits a 
certain fuel saving. 
 
This result imply that an higher combustion efficiency occurs, since the two curves represent the 
Diesel quantity needed to produce the same power. 
 
Even if the objective of Test 2 and Test 5 were to compare the performance, a first result about the 
emissions can be showed. During these tests the opacity of exhaust gases has been measured with 
an opacimeter (it is very similar to the measures which can be taken during vehicles inspections) 
 
It should be noted that the opacity is an exhaust gases characteristic quantity and it is directly 
proportional to the existing PM (Particulate Matter) concentration. 
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Figure 4 shows that Stable Emulsion allow the engine to emit PM quantities that are far lower in 
respect with the Diesel  
 
In particular, the graph illustrates the opacity measurements in function of the Specific Diesel 
Consumption in order to show that the lower PM emissions are due to the Stable Emulsion specific 
characteristics and not to the lower amount of Diesel it contains. 
 

 
 

Figure 4: opacity in function of Specific Diesel Consumption 

 
Figure 4 shows that using the Stable Emulsion instead of Diesel makes the smoke opacity to 
decrease in all conditions. Referring to the speed range between maximum torque and maximum 
power (compare with Figure 1) that, as already discussed, is the most important range for trucks, 
the corresponding range of Specific Diesel Consumption is 220 – 230 g/kWh.  
 
In this range, the Stable Emulsion allow a reduction of the opacity of at least 60%.  
 
Since the opacity is directly proportional to the PM concentration in the smoke, it is reasonable to 
conclude that PM reduction with the use of Stable Emulsion should be of the same order of 
magnitude. 
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2- EPA CYCLE: EFFECT ON NOx AND CO EMISSIONS 
 
 
Tests 1, 3 e 4 have been carried out to compare the emissions measured at 5 functioning points, 
determined as described in the INSIGHTS final section. 
 
For ease of reference, here is reported the table which summarizes the operating conditions of 
each point of the cycle. 
 
 

EPA 
Cycle 

Point 
Speed 

Contol type Objective Description 
[rpm] 

1 2800  Torque 638,0 Nm  Max. Power, Max Load 

2 2548  Torque 525,9 Nm  70% Max Load 

3 2200 Constant Throttle 100% Max Torque, Max Load 

4 1764 Torque 253,2 Nm  25% Max Load 

5 700 Constant Throttle 6% Idle 

 
Table 2: EPA Cycle description 

 

 
 

Figure 5: NOx emissions 

 
 
In the Figure 5 the Nitrogen Oxides (NOx) emissions measured (reported in [ppm]) at each point 
during the test with Diesel (Test 1) and the successive tests with Stable Emulsion (Test 3 and Test 4). 
 
The graphs confirm the generalized behaviour of emulsion to abate the NOx emissions in every 
condition. 
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In particular, Points 1 and 3 represent the maximum power and maximum torque respectively 
(both at maximum load conditions). These are two of most interesting functioning points for users. 
Here the abatement is of about 10% in both cases. 
 
In any case, the Stable Emulsion offers better performance at partial loads (Points 2, 4 and 5) as 
well, even if it yields to lower abatement (Points 2 and 4) or the functioning point in less significant 
(Point 5). 
 
 

 
 

Figure 6: CO emissions 

 
Referring to Figure 6, with the exception of Point 5 (idle), also CO emissions significantly decrease 
with the use of the Stable Emulsion.  
 
At Points 1, 2 and 4, the abatement is of around 40%.  
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CONCLUSIONS 
 
 
The test session using STABLE EMULSION, as stated by the certification released by CMD S.p.A, has been 
concluded successfully in all conditions. No issues at injection system or at the engine it have been reported 
by the several sensor which the engine itself was equipped with. 
 
As expected, a low reduction of the torque and power maximum values has been observed during the tests. 
However, a low reduction of Diesel Consumption (in particular the specific consumption of the Diesel 
within the emulsion) has been observed as well: it suggests that the use of STABLE EMULSION allows to 
achieve an higher engine efficiency, at least in full load conditions, in the speed range between maximum 
torque and maximum power, which constitutes the most important range for vehicles applications. 
 
Besides, these tests confirms the STABLE EMULSION capability of significantly abating the most harmful and 
pollutant emissions, as PM, NOx and CO are. 
 
The following figure resumes the results obtained in full load and maximum power conditions (here 
reported as % in respect of Diesel test, which is reference baseline): 
 

 
 
It should finally be pointed out that the engine tested has not been anyhow modified at the fuel feeding 
system for the use with STABLE EMULSION. 
 
This means that the good results achieved, could be overcome developing ad hoc technical solutions to 
optimize the use of the STABLE EMULSION on current injection systems, designed for the use of EN590 
Diesel only. 
 
The design and development of specific electronic controllers for instance, would yield to the optimization 
of the injection system management for the use of STABLE EMULSION, producing an increase of the 
combustion efficiency. As result, this could produce environmental benefits, increasing fuel saving and 
emissions abatement, and at the same time performance enhancement, increasing the torque and the 
power generation.  
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INSIGHTS 
 
 
 
TEST METHOD, EQUIPMENT AND MEASUREMENTS ACQUIRED 
 
 

 
 
The test session has been carried out at the bench in the room n°3 at the CMD plant of Atella (PZ). In order 
to meet the programmed operating conditions, the engine was controlled with the use of a brake to hold 
the speed and an electronic device to regulate the throttle. So the engine could be controlled both at fixed 
torque (imposing speed and torque, consequently automatically regulation of the throttle) or at fixed 
throttle (imposing speed and throttle). 
 
The following quantities have been measured:  

 Power, torque, speed, fuel consumption 

 Exhaust gases composition (NOx, CO, HC, CO2, O2), temperature, opacity 

 Internal operating conditions (engine internal circuit pressure, temperature…) 

 External operating conditions (air temperature, pressure, relative humidity) 
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The exhaust gases composition has been measured using the following equipment: 
 

 Gas measurement system: API COM, Mod. ROSEMOUNT API-RAW (Fisher-Rosemount analysers, 
HFID and CLD type) 

 Opacity measurement: AVL, Mod. 439 FSN (Bosch) 
 
Before the start of the test session and at fuel switch, the fuel feeding system filter has been replaced (at 
fuel switch, the residual Diesel has been drained out). Before the tests with Diesel and with emulision, the 
engine has been warmed up to reach a steady temperature of the lubricating oil and in the case of test with 
emulsion only, to assure that the residual Diesel in the circuit could have been replaced by the emulsion. 
 
The session consisted of a series of tests, carried out at different conditions depending on the specific 
predetermined objective. 
 
The succession of the tests is resumed in Table 3: 
 

Test n° Fuel Description Objective 

1 Diesel EPA Cycle Baseline for emissions assessment 

2 Diesel Full load Reference engine limit curves 

3 Stable Emulsion EPA Cycle Emissions assessment (same speed/torque as Test 1) 

4 Stable Emulsion EPA Cycle Emissions assessment (same speed/throttle as Test 1) 

5 Stable Emulsion Full load Engine limit curves 

 
Table 3: test session resume 

 
The EPA cycle is composed by 5 functioning points as required by the EPA (US Environmental Protection 
Agency) standards, E5 cycle. The use of Stable Emulsion yields to a change of the engine limit curves, as 
showd in section “Achieved Results”. Therefore, a comparison made only at the same speed and throttle 
(Test 4) coming from the reference test with the Diesel (Test 1) could have not assured that the results 
about emissions would not be positively affected by the lower quantity of Diesel introduced within the 
cylinders (constant throttle means almost same fuel flowrate, but emulsion contains a significant amount 
of water). For this reason, a test at the same speed and torque (Test 3) has been previously carried out. 
 
In the Table 4 the operating conditions of each point of reference EPA Cycle are summarized: 
 

EPA 
Cycle 

Point 
Speed 

Contol type Objective Description 
[rpm] 

1 2800  Torque 638,0 Nm  Max. Power, Max Load 

2 2548  Torque 525,9 Nm  70% Max Load 

3 2200 Constant Throttle 100% Max Torque, Max Load 

4 1764 Torque 253,2 Nm  25% Max Load 

5 700 Constant Throttle 6% Idle 

 
 

Table 4: EPA Cycle description  
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The objective values (speed/torque or speed/throttle) have been calculated by CMD based on the limit 
engine curve given by the engine manufacturer  
 
As mentioned previously, Test 3 has been carried out reproducing the EPA Cycle in Table 4. Test 4 instead 
has been carried out in order to reproduce as much as possible (the pressure of the injection system 
depends on the engine power output) the fuel flowrate measured during Test 1, so at constant throttle. 
Only Points 3 and 5 haven’t been run because they would have been the same of the correspondent points 
of Test 3. 
 
All the measurements acquired during Test 1, Test 3 and Test 4 have been taken accordingly to the 
Standard ISO 8178 (once the steady state has been reached, at 1 Hz of sampling rate, averaged on an 
interval of 60 seconds) 
 
The comparison of the emissions among Test 1, Test 3 and Test 4 has been carried out by CMD using 
processed data accordingly to the Standard ISO 8178. However the comparison here is done using “raw” 
data [ppm], as coming out from the measurement equipment. Indeed CMD, at the time of the tests, had 
not the results of the analysis of the fuel, so it did not know the water amount in the emulsion. Thus, the 
data processed by CMD (specific emissions [g/kWh], so referred to the fuel consumption at same power 
output) do not take into account the actual water content in the emulsion so they assume the whole mass 
flowrate of emulsion is instead Diesel. This implies a really significant mistake against the results about the 
emissions resulting from the tests with Stable Emulsion, because it raises the emissions specific values. This 
situation justify the approach here followed. 
 
Since the tests 1, 3 and 4 had not the objective to assess the engine performance, the quantities like torque 
and power, even if acquired for the data processing by CMD, are not reported in this document. Moreover, 
the comparison of these values on the 5 points of the EPA Cycle, is not significant because they cannot 
describe an engine functioning curve. 
 
Test 2 and Test 4 instead have been carried out to assess the engine limit curves and an indication about 
the fuel consumption, comparing Diesel and Stable Emulsion at maximum load condition, on the whole 
engine speed range. In this case the emissions have not been measured with the only exception of the 
opacity, a quantity that is indicative of the particulate matter presence in the exhaust gases. So only speed, 
torque, power and fuel consumption have been measured. The value of each of these quantities is the 
result of an average made on 10 seconds, at not perfectly steady conditions (at least not accordingly to the 
Standard ISO 8178). However these measurements constitutes a sufficiently reliable data set for the 
objectives of this study. 
 
Finally, the specific fuel consumption data in the range 600 – 1700 rpm of Test 2 and Test 5 have been 
discarded since they showed very high oscillations of their values, so they were not reliable.  
 


