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Rezumat.    Acest studiu prezint  o analiz  a diver i combustibili pentru noua genera ie de motoare diesel i 
câteva dintre ultimele tehnologii pentru post-tratarea gazelor de e apament. În contextul actual, când normele de 
protec ie a mediului înconjur tor la nivel mondial au devenit din ce în ce mai stricte, ne-am dorit s  ar t m c  
studiile realizate pân  în prezent dovedesc faptul c  motoarele diesel pot fi alimentate cu diver i combustibili 
alternativi ce contribuie la diminuarea emisiilor de oxizi de azot (NOx), particule materiale (PM), hidrocarburi 
(HC), monoxid de carbon (CO) i dioxid de carbon (CO2), în compara ie cu combustibilul diesel standard din 
benzin rii. De asemenea, cele mai noi concepte de post-tratare a gazelor de e apament pot îmbun t i 
semnificativ reducerea emisiilor poluante produse de motoarele diesel.  
Cuvinte cheie: motoare diesel, gaze de e apament, post-tratare, combustibili alternativi, emisii poluante, 
concepte. 

Abstract.     This study presents a review of various fuels for new generation of diesel engines and some of the 
latest technology for the exhaust gas aftertreatment. In the current context, when the rules of protection of the 
global environment have become increasingly strigent, we wanted to show that the studies until today prove that 
the diesel engines can be fuelled with various alternative fuels that contribute to reduce nitrogen oxides (NOx), 
particulate matters (PM), hydrocarbons (HC), carbon monoxide (CO) and carbon dioxide (CO2) emissions, in 
comparison with the standard diesel fuel from gas stations. Also, the newest concepts for the exhaust gas 
aftertreatment can improve a significant reduction of emissions produced by diesel engines.    
Keywords: diesel engines, exhaust gas, aftertreatment, alternative fuels, emissions, concepts. 

1. INTRODUCTION 

Diesel engines represent one of the 
technological basements of our today’s economy. 
Their usage is so diverse and widespread that their 
direct or indirect contribution is included in almost 
every product or service [1]. 

Compared with their older counterparts, modern 
diesel engines produce significantly lower levels of 
harmful emissions, including hydrocarbons, carbon 
monoxide, nitrogen oxides, and particulate matter. 
Today’s emission standards apply equally to all 
light-duty vehicles, so gasoline and diesel vehicles 
must meet the same standards. Advanced diesel 
combustion and emission-control technologies 
(such as the diesel particulate filter) continue to be 
developed and implemented widely to meet 
emissions standards [2]. 

Generally, diesel engines are designed to operate 
only with diesel fuel. For other fuels, certain 
operating parameters of the engine have to be 
optimized, in view of the combustion, performance 

and emission characteristics. It is important to note 
that the engine behaviour is predominantly affected 
by the fuel-air mixture supplied to the diesel engine. 
The fuel quantity is governed by the fuel injection 
rate, injection timing and nozzle geometry. Besides, 
injection timing plays a vital role in the performance 
and emission characteristics of a diesel engine, as 
the pressure and temperature change significantly as 
the piston approaches the top dead center (TDC) [3]. 

Emissions of reactive nitrogen compounds 
(commonly spoken of as NOx) and particulate 
matter (PM) have been reduced by over 90 percent 
since 1980, as well. Nevertheless, NOx and PM 
emissions remain at relatively high levels. NOx 
contributes to acid rain and smog, while adverse 
health effects have been associated with exposures 
to high PM amounts [4]. 

Emissions from diesel vehicles, especially the 
city buses and trucks, are recognized as some of 
the major sources that contribute to air pollution and 
the formation of ground level ozone. Significant 
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and fundamental changes to diesel engine 
combustion process and associated after-treatment 
technologies are expected for compliance with the 
increasingly stringent regulations. An alternative 
approach is to use alternative fuels in diesel 
engines. The development of alternative fuels can 
meet the dual purpose of reducing reliance on 
diesel fuel and reducing pollutant emissions [5]. 

Also, to comply with new legislation in order to 
reduce the exhaust emissions of engines, in special 
of diesel engines, some manufacturers of 
automotive created and improved a various systems 
for aftertreatment of the exhaust gases and some 
types of catalysts. In this paper, we wanted to 
present some altenative fuels and some concepts of 
exhaust gas aftertreatment that contribute to reduce 
the most important emissions produced by the new 
generation of diesel engines.  

2. ALTERNATIVE FUELS  

 2.1. Water-in-diesel emulsions 

Emulsions of water in diesel for use in internal 
combustion engines are easily applicable 
alternative fuels for the existing vehicle fleet. The 
emulsion fuel is defined as an emulsion of water in 
standard diesel fuel with specific additives, 
surfactants, to stabilize the system. The presence of 
water in diesel fuels brings about a considerable 
reduction in NOx and PM emissions [6]. 

The stability of the emulsion produced is very 
important in order to ensure this alternative fuel 
can run accordingly in the engine. Normally, 
water-in-diesel emulsion fuel can maintain its 
stability for up to 3 months but it will depend on 
various factors, such as the type and percentage of 
surfactant, the temperature, viscosity, specific 
gravity and water content [7]. 

The reduction of NOx is due to the lower peak 
temperature of the flame during the combustion. 
PM is reduced due to the effect of the micro-
explosion process, which leads to an increase in 
the combustion efficiency. UHC (unburnt 
hydrocarbon) and CO exhaust emission is found to 
be increased by using the water-in-diesel (W/D 
emulsion fuel. The reason being reported is due to 
the reduction of combustion efficiency. This is in 
contrast with most experimental results reported 
that show that the combustion efficiency is 
increased by using W/D emulsion fuel. Until 
present, the strong evidence and scientific 
explanation of the increase of CO and UHC have 
not yet been completely revealed by researchers 
and experts [6]. 

The Aquazole formulation from TOTAL, which 
is a water-in-diesel emulsion, has been claimed to 
bring about a reduction in NOx emission of up to 
30% together with a reduction in black smoke of up 
to 80% [8,9]. Aquazole also reduces hydrocarbon 
consumption, although only marginally. By using an 
oxidation catalyst the emission level of CO, as well 
as of hydrocarbon, is also reduced and so is the 
amount of  PM. Aquazole is in use today on a large 
number of vehicles in France and other countries in 
Southern Europe [6]. 

Gunnerman and Russell [10] reported a reduction 
in NOx and PM emissions and an increase in 
thermal efficiency in the emulsion fuel experiments. 
Samec et al. [11] measured reduction in NOx and 
soot emissions 15% and 50% respectively with 
emulsion fuel consisting 10–15% water.  

Ghojel et al. [12] examined NOx, HC and 
specific fuel consumption variations in the diesel 
engine fueled with diesel emulsion. They 
determined a reduction in NOx and HC emissions 
and an increase in specific fuel consumption. 

Most authors reported that 15-20% water for 
emulsion fuels can give a reduction in nitrogen 
oxide (NOx) emission and the optimum water 
content for PM reduction is between 10-20%, 
under regular conditions of the diesel engine work, 
succeed to maintain similar values even lower in 
some cases, for power, torque and thermal 
efficiency. Most researchers tested emulsions with 
big content of water, e.g. 30-45%, and they 
concluded in all conditions of the engines work 
that the emissions of NOx, PM and HC decreased, 
the specific consumption increased, the power, 
torque and thermal efficiency decreased compared 
with the standard diesel fuel. 

 
2.2. Biodiesel fuel  
 
Biodiesel is the topic of interest today, because 

it is renewable, oxygenated biodegradable, non-
toxic, and environment friendly. It can be directly 
used as a fuel in diesel engines without any major 
engine modification, and it gives almost equal fuel 
efficiency and lower particulate emission 
compared to conventional diesel. The demerits of a 
biodiesel fuelled engine include issues of poor cold 
flow properties, higher viscosity and higher oxides 
of nitrogen (NOx) emission compared to a diesel 
fuelled engine [3]. 

Different raw materials are used; in Europe the 
most common is rape seed oil giving rape methyl 
ester (RME), or waste vegetable oils. The use of 
sun flower oil is increasing. In the US market soy 
oil is mostly used [6].  
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Xue et al. [13] determined that 80% of the 
literature indicated that the use of biodiesel reduces 
CO, HC and PM emissions due to the higher 
oxygen content of biodiesel compared to diesel 
fuel. 

Most authors found that the biodiesel increased 
the NOx emissions, but others found that the use of 
biodiesel decreases NOx. Sun et al. [14] indicated 
that the size, operating conditions, combustion 
chamber, air and fuel system designs are the 
important reasons for the increase in biodiesel NOx 
emissions. Lapuerta et al. [15] reported that B100 
would produce approximately 10% more NOx than 
the same volume of standard petroleum diesel. 

The viable environmental friendly alternative 
fuel for compression-ignition engines is methyl 
esters (commonly known as biodiesel), which 
derived from vegetable oils or animal fats. Using 
biodiesel instead of conventional diesel fuel 
reduces emissions such as the overall life cycle of 
carbon dioxide (CO2), PM, CO, SOx, volatile 
organic compounds (VOCs), and unburned 
hydrocarbons significantly [16].  

 
2.3. Vegetable oils  
 
Vegetable oils possess almost the same heat 

values as that of diesel fuel. But a major 
disadvantage of vegetable oils is their inherent 
high viscosity. Modern diesel engines have fuel-
injection systems that are sensitive to viscosity 
changes. High viscosity may lead to poor 
atomization of the fuel, to incomplete combustion, 
to coking of the fuel injectors, to ring 
carbonization, and to the accumulation of fuel in 
the lubricating fuels. A way to avoid these 
problems is to reduce the viscosity of vegetable oil 
in order to improve its performance [17]. 

SVO (straight vegetable oils) comprise a wide 
variety of vegetable oils as rapeseed, sunflower, 
soybean or palm, as well as unconventional 
inedible oils, such as jatropha, karanja, neem, rice 
bran and others. Their cetane number is, however, 
relatively low ranging from 32 to 40, while the 
optimal values are from 40 to 60 [18]. 

It is found that to have a viscosity comparable to 
that of diesel fuel, the vegetable oil has to be 
heated up to about 90°C, as can be found in 
literature [19]. 

Modern diesel engines are equipped with their 
own sensors, which now can be effectively utilized 
in the dual fuel systems. In the fuel system of a 
vehicle adapted to dual fuel regime, 2 three-way 
valves for fuel switching over the inlet and 
overflow, 1 three-way valve to close circuit 

betweenthe inlet and overflowto avoid 
contamination of fuels in the tanks, and 2 heat 
exchangers are used [18]. 

Due to the need to adapt the combustion time, 
use of vegetable oils in diesel engines generally 
leads to higher CO, HC and PM. In contrast, due to 
their slower combustion and lower temperatures in 
the combustion chamber, vegetable oils reduce 
NOx emissions [20]. 

The results from the experiments prove that 
vegetable oil and its blends are potentially good 
substitute fuels for diesel engine in the near future 
when petroleum deposits become scarcer [21]. 
 
3. CATALYTIC CONVERTORS 
 

The most effective after-treatment system for 
reducing engine emissions is the catalytic 
converter found on most automobiles and other 
modern engines of medium or large size [22].  

The purpose of the catalytic converter on a 
vehicle is to convert potentially harmful chemicals 
in the exhaust gas into harmless water vapour, 
carbon dioxide, nitrogen and oxygen [23]. 

Catalytic converters are chambers mounted in 
the flow system through which the exhaust gases 
flow. These chambers contain catalytic material, 
which promotes the oxidation of the emissions 
contained in the exhaust flow. Catalytic converters 
for diesel engines need larger flow passages 
because of the solid soot in the exhaust gases. The 
surface of the ceramic passages contains small 
embedded particles of catalytic material that 
promote the oxidation reactions in the exhaust gas 
as it passes [22]. 

Aluminum oxide (alumina) is the base ceramic 
material used for most catalytic converters. 
Alumina can withstand the high temperatures, it 
remains chemically neutral, it has very low thermal 
expansion, and it does not thermally degrade with 
age. The catalyst materials most commonly used 
are platinum, palladium, and rhodium [22]. 

In this study, we analyzed some concepts of 
exhaust gas aftertreatment for the new generation 
of diesel engines, like DOC, DPF, SCR and SCRT. 

 
 
 

3.1. Diesel Oxidation Catalyst (DOC) 
 
Diesel Oxidation Catalysts, also known as 

DOCs, are exhaust after-treatment devices that 
reduce emissions from diesel fueled vehicles and 
equipment. DOCs generally consist of a precious 
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metal coated flow-through honeycomb structure 
contained in a stainless steel housing. As hot diesel 
exhaust flows through the honeycomb structure, 
the precious metal coating causes a catalytic 
reaction that breaks down pollutants into less 
harmful components [24]. 

An oxidation catalyst will remove circa 90% of 
HC and CO emissions in laboratory conditions. 
Some particulate may also be removed mainly by 
stripping out of the “wet” hydrocarbons. The level 
of reduction will be dependent on the type and age 
of the engine [25]. 

The oxidation chemical equation are [25]: 

2CO + O2 => 2CO2        (1) 
 

CxH2x+2 + ((3x+1)/2)O2 => xCO2 + (x+1)H2O  (2) 
 
Johnson Matthey’s DOC converter is a basic 

PM emissions control device designed to remove 
up to 25% of the particulate matter. Depending on 
operating temperature, PM reductions can be 
achieved without using Ultra-low Sulfur Diesel 
(ULSD) fuel. The DOC oxidizes the soluble 
organic fraction (SOF) of the soot, while also 
converting up to 70% of the HC and CO emissions. 
Johnson Matthey utilizes a highly active platinum-
based catalyst and proprietary materials to 
minimize sulfate formation during operation. The 
DOC converter is fully adaptable and effective on 
all 1991 and newer diesel engines and on some 
older models [26]. 

3.2. Diesel particle filter (DPF) 
 

Diesel particulate filters (DPFs) are used to 
filter particulate matter from exhaust gas. 
Periodically, the DPF is cleaned or “regenerated” 
to oxidize or “burn” the accumulated PM in the 
filter. The regeneration procedure occurs by raising 
the temperature of the DPF to approximately 
600ºC or higher where the carbon-rich PM readily 
oxidizes [27].  

Diesel particulate filters (Figure 1), also known 
as DPFs, are exhaust after-treatment devices that 
significantly reduce emissions from diesel fueled 
vehicles and equipment. DPFs typically use a 
porous ceramic or cordierite substrate or metallic 
filter, to physically trap particulate matter (PM) 
and remove it from the exhaust stream [28]. 

After it is trapped by the DPF, collected PM is 
reduced to ash during filter regeneration. It is 
important to avoid excessive PM and ash 
accumulation in a DPF, so proper maintenance and 
cleaning instructions should be followed closely. 

Cleaning of DPFs is typically required every 6 to 
12 months [28]. 

 
 

 

 
Fig.1. A diesel particle filter [28] 

 
The PM emissions that accumulate in filter are 

periodically oxidized into CO2 in a process called 
“regeneration.” Regeneration can be passive or 
active depending on the application and DPF 
design. If the exhaust temperature is high enough, 
passive regeneration can be used to remove PM     
continuously. If the exhaust temperature is too low 
to support passive regeneration, active regeneration 
must be used to raise the exhaust temperature 
periodically. One way to raise the exhaust 
temperature is to introduce excess fuel into the 
exhaust stream, which reduces fuel efficiency 
slightly. Adding a catalytic material to the DPF 
walls enables faster regeneration by lowering the 
required oxidation temperature. Some of the 
particulate matter in a DPF cannot be burned off 
and is known as “ash”. Such material consists 
primarily of oil additives and contaminants.       
Ash slowly but continuously builds up in the DPF, 
eventually clogging it and permanently reduces 
engine performance through increased exhaust 
back pressure [2]. 

   
3.3.  Selective Catalytic Reduction (SCR) 

SCR is an exhaust aftertreatment technology 
that uses a catalyst to chemically break down NOx. 
This requires the injection of variable amounts of 
an external reducing agent, which is stored in a 
separate tank that needs to be periodically refilled. 
Most SCR systems use an aqueous urea solution 
(sometimes referred to as diesel exhaust fluid) for 
this purpose. Urea vaporizes in the exhaust to yield 
CO2 and ammonia (NH3). NOx emissions in the 
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exhaust gas react with the NH3 in the catalyst to 
yield gaseous nitrogen (N2) and water [29]. 

The SCR technology uses ammonia as the 
reductant and the NOx is converted to nitrogen and 
water in the reaction. The European industry 
decided to avoid using stored ammonia on the 
vehicle and instead opted to create it from a 32.5% 
solution of urea in water (marketed as “AdBlue”) 
[25].  

A reducing agent is continually injected into 
the exhaust gas flow using a metering module. In 
the exhaust gas flow, the fluid reacts within a 
fraction of a second to produce ammonia (NH3). 
This chemical compound then converts the 
nitrogen oxides in the SCR catalytic converter 
(Figure 2). MTU (is a brand of Rolls-Royce Power 
Systems AG) will be using SCR systems for genset 
engines with a power output exceeding 560 kW, 
for example, and in drive systems for construction 
and industrial applications below 560 kW in order 
to meet the very strict requirements of the US EPA 
Tier 4 final standard. An MTU SCR system can 
remove more than 90% of the nitrogen oxides from 
the exhaust gas in some cases [30].  
  

Fig.2. Operating principle of the SCR system [30] 
 

4. Selective Catalytic Reduction Technology 
(SCRT) 

For diesel applications where maximum NOx 
reduction is critical, SCR technology (SCRT) 
provides the highest NOx reduction available 
today. The SCRT system is Johnson Matthey’s 
patented 4-Way emission control technology. 
Johnson Matthey’s SCRT system reduces all four 
regulated exhaust emissions: CO, HC, and PM by 
over 90%, and NOx by 70% [31]. 

The SCRT system is more than simply a 
combination of a CRT system and SCR system 
(Figure 3). In this integrated design, the CRT 
(Continuously Regenerating Trap) performs two 
functions: it gives excellent conversion of CO, HC 

and PM, and it enhances the NO2 content of the 
gases that pass into the SCR system [32]. 

First stage, engine exhaust flows through 
Johnson Matthey’s CRT diesel particulate filter to 
reduce Carbon monoxide (CO), Hydrocarbons (HC) 
and particulates (PM). In a second stage a 
controlled amount of urea, trade name AdBlue, is 
then injected into the exhaust before it enters the 
SCR catalyst modules. Urea provides the necessary 
chemical conditions for the SCR catalyst to reduce 
Nitrogen oxides (NOx) into nitrogen and water 
(vapour). The SCR system consists of a 
commercial available urea injection system and a 
Johnson Matthey developed control system that 
precisely delivers urea without ammonia slip [32]. 

 

Fig.3.  The Johnson Matthey SCRT System [32] 

The SCR catalyst is located downstream of the 
particulate filter CRT, which reduces the nitrogen 
oxides (NOx). In front of the SCR catalyst module 
the liquid urea will be injected into the exhaust and 
develops to ammonia before entering the SCR 
catalyst. The ammonia reacts with the catalyst to 
nitrogen and water. The injection rate of the urea is 
depending from the NOx concentration (engine out) 
and is continuously controlled and adjusted by the 
ECU [32]. 

SCRT combines DPF with an SCR unit for 
controlling nitrogen oxides. New buses that are 
already fitted with DPF can be retrofitted with an 
SCR unit to creat an SCRT system. Likewise, 
older vehicles without an exhaust treatment system 
can be retrofitted with an SCRT system. SCRT is 
currently the most effective and state-of-the-art 
exhaust-gas aftertreatment technology available 
[33]. 

 
4. PM METALIT SYSTEM 
 

The PM Metalit represents a complementary 
step in the overall concept of exhaust gas 
aftertreatment of diesel engines. The system 
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consists of a pre-turbocharger catalyst that oxidises 
CO and HC, a Hybridkat system that oxidizes NO 
and a downstream open PM Metalit. HC and CO 
emissions have to be reduced before NO can be 
oxidized to form NO2 [34].  

 

 
Fig.4. Principle of particle absorption and flow control in the 

PM Metalit system [34] 
 
The next development stage is expected to be a 

combined catalyst system that operates both as an 
oxidation catalyst to convert the harmful diesel 
exhaust gases CO and HC and as a PM Metalit to 
dramatically reduce soot particles (Figure 4). This 
new multi-functional development operates as a 
soot trap, improves mass transfer and the gas 
mixture and homogenises the flow. The 
particulates are temporarily deposited on a fleece 
and continuously burnt off at temperatures from 
approximately 200°C. The second effect is based 
on the exhaust gas flowing through the filter 
material in a longitudinal direction, resulting 
primarily in the separation of nanoparticles [34]. 
 
5. CONCLUSIONS 
 

In conclusion, we can say that the new 
generation of diesel engines still may have many 
applications because it’s possible to replace the 
diesel fuel with alternative fuel such as water-in-
diesel emulsions, biodiesel, vegetable oils and their 
mixtures. Most reserchers developed the benefits 
of some alternative fuels compared with the 
standard diesel fuel that means a great contribution 
to the diesel engine industries in the future, and, at 
the same time, a less pollution to the environment,  

Further, it requires a lot of studies and 
experimental works about the applications of 
alternative fuels (in special for the water-in-diesel 
emulsions) on the new generation of diesel engines 
which are equipped with the latest technologies of 
catalytic convertors. 
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