
Contemporary Engineering Sciences, Vol. 11, 2018, no. 76, 3789 - 3797 

HIKARI Ltd,  www.m-hikari.com 

https://doi.org/10.12988/ces.2018.88395 

 

 

Study of the Emissions in the Diesel Engines:  

 

A Review 
 

 

Jorge Duarte Forero1, Guillermo Valencia Ochoa2  

and Carlos Acevedo Peñaloza3 

 
1 Efficient Energy Management Research Group – Kaí, Universidad del Atlántico 

Carrera 30 Número 8 - 49, Puerto Colombia – Colombia 

 
2 Mechanical Eng., Efficient Energy Management Research Group – Kaí 

Universidad del Atlántico, Carrera 30 Número 8 – 49 

Puerto Colombia – Colombia 

 
3 Universidad Francisco de Paula Santander, Mechanical Engineering Department 

Avenida Gran Colombia No. 12E-96, Cúcuta, Norte de Santander, Colombia 

 
   Copyright © 2018 Jorge Duarte Forero, Guillermo Valencia Ochoa and Carlos Acevedo Peñaloza. 

This article is distributed under the Creative Commons Attribution License, which permits 

unrestricted use, distribution, and reproduction in any medium provided the original work is properly 

cited. 

 

Abstract 

Diesel engines are one of the main sources to supply the rapid growth of energy 

consumption worldwide. They have been widely used in the public and commercial 

transport sector due to their greater durability and efficiency. The current study in 

Diesel engines is focused on emissions from exhaust gases, as they are causing 

problems in human health and the ecosystem, because they contain dangerous 

substances, such as organic carbon, trace elements, elemental carbon and inorganic 

ions. In this paper, we study the different investigations on pollutant emissions in 

engines, focused on the mechanisms of formation of pollutants, the techniques to 

reduce these emissions and how they affect human health. With this, it will be 

possible to project the necessary improvements in this type of systems, to reduce 

the impact of these thermal machines on the environment. 
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1. Introduction 
 

The emissions generated by Diesel engines, which can be regulated or not regu- 
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lated, have been studied extensively by several authors [1]- [3]. The emissions 

regulated by law [4] are carbon monoxide (CO), unburned hydrocarbons (HC), 

nitrogen oxides (NOx) and, for Diesel engines, particles (PM) [5]. There are several 

additional unregulated contaminants that have been found in engine exhaust gases, 

which may have potential health effects and, therefore, should be monitored and 

reduced in emissions. In the review of the literature by Ghadikolaei [6], a 

classification of these pollutants is established, among which are: alcohols, alkenes, 

alkyl nitrites, monoaromatics, particle emissions, nitrogen dioxide, among others. 

However, many of the pollutants from unregulated emissions are found in very low 

concentrations, which is why the study is focused on regulated emissions. The 

percentage of emissions depends on the type of emission control technology and 

the age of this technology, the operating conditions, the fuel formulations, the 

ambient temperature and the operation of the catalyst [7] - [10]. 

Researchers have suggested in recent studies that biodiesel [11], alcohols [12], 

natural gas [13], and dimethyl ether (DME) [14], could be used as alternative fuels 

to reduce harmful pollutants and greenhouse gases released from Diesel engines. 

Biodiesel is produced from renewable energy materials such as vegetable seeds and 

wheat, corn and sugar beet [15] – [17]. Biodiesel fuels can provide renewable and 

clean energy; Therefore, they renewable and environmentally friendly fuels [18], 

[19]. Another way to produce biodiesel is transesterification. This process allows 

to produce biodiesel that does not contain sulfur, it degrades quickly and is not toxic 

[20]. The United States Environmental Protection Agency (EPA) conducted an 

extensive survey of the results of 80 scientific studies to evaluate emissions from 

heavy diesel engines fueled by biodiesel [21].  

 

2. Research into pollutant emissions from internal combustion 

engines 
 

2.1. Mechanisms for the formation of emissions in diesel engines 

 

In an internal combustion engine, some pollutants are generated that are emitted by 

the exhaust pipe, regardless of whether they are compression ignition or spark 

ignition because the combustion process is not completely carried out in any of the 

operating conditions of the engine. The emissions emitted by the exhaust pipe of 

the vehicles are the product of the combustion process that occurs inside the engine 

and comprises a series of pollutants such as CO, CO2, HC, NOx, SO2, and PM. 

Also, certain contaminants present in the fuel, such as sulfur, are released to the 

environment also as a product of the combustion process. Vehicles with more 

powerful engines tend to generate higher pollutant emissions and these emissions 

emitted by the exhaust pipe not only depend on the temperature at which the 

combustion takes place, the pressure, the homogeneity of the mixture, the 

constructive characteristics of the engines and its emission control system, but also 

the maintenance status of the vehicle and operating factors such as speed, load and 

the frequency and intensity of accelerations and decelerations [23]. 
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In compression ignition engines or diesel engines, the fuel is not distributed evenly 

inside the combustion chamber, which leads to the dosing inside the combustion 

chamber is not uniform, generating rich mixing zones, inside of the jet kernel and 

poor mixing zones, in the areas furthest from the center of the same. The mixing 

process is mainly controlled by parameters related to the injection, the turbulence 

of the air and the evaporation properties of the fuel.  

On the other hand, the particles are formed in the diffusion flame by the 

dehydrogenation of the fuel in zones of high temperature and absence of O2 and, 

therefore, in areas of excessively rich local dosing. The particles (PM) that are 

generated in diesel combustion are composed of soot (basically coal) and some 

hydrocarbons of very high molecular weight adhered to it, a soluble organic fraction 

(FOS, between 20 and 50% of the mass) and a fraction of other insoluble (ISF) 

composed of sulphates, water and a small amount of ash [24]. 

 

2.2. Techniques to reduce pollutant emissions in diesel engines 

 

Among the different systems proposed for the control of emissions from diesel 

engines, most of the studies and research that have been carried out aim to reduce 

mainly NOx emissions. This is because NOx emissions correspond to a higher 

percentage compared to the rest of the emissions [25]. 

 

2.2.1 Technologies that affect engine design 
 

The engine design techniques used to reduce polluting emissions, mainly NOx and 

particulate matter, are: 

 Combustion chamber   

To reduce the emissions of CO, HC, and NOx, the amount of fuel that goes into 

combustion in the pre-mixing and diffusion stages can be controlled. This is 

possible if the mechanism of mixing the fuel in the air is modified with the help of 

the position and shape of the combustion chamber that is carved on the piston [22]. 

 Low-temperature combustion 

Low-temperature combustion is a technique that is based on increasing the amount 

of fuel that goes into combustion in the pre-mixing stage, which reduces the local 

temperature through the recirculation of exhaust gases (EGR), preventing the 

formation of emissions of NOx and particulate material. As shown in the graph of 

Figure 5, the areas in which NOx and particulate matter emissions occur must be 

taken into account, which is why it is important to regulate the engine to avoid these 

conditions inside the combustion chamber. The different phases [22]. 

Another technique based on low-temperature combustion is Combustion PCCI 

(Premixed Charge with Compression Ignition), in which NOx and particulate 

matter emissions are minimal, but with a considerable increase in CO and 

hydrocarbon emissions. Also, this technique has the drawback that, by lowering the 

temperature of the exhaust gases, the efficiency of the catalysts is reduced. 
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 Injection air cooling 

The use of an air cooler at the outlet of the turbo compressor, in the case of engines 

with supercharging, allows to achieve a low temperature in the combustion and 

therefore reduce NOx emissions [22]. 

 Exhaust gas recirculation 

At present, exhaust gas recirculation (EGR) is a NOx emission reduction technique 

used with both diesel and biodiesel [4] [5] [26] - [31] EGR works by recirculating 

a portion of the exhaust gases from the engine to the engine cylinders. This dilutes 

the O2 in the incoming air stream and provides inert gases to the combustion to act 

as absorbents of the combustion heat to reduce the peak temperatures in the 

cylinder. Therefore, NOx formation can be drastically reduced [31] which is the 

main application of EGR technology. A flow path is established between the 

exhaust and intake manifolds and regulated by a throttle valve. However, given the 

reduction in cylinder temperature, this technology generates an increase in HC and 

CO emissions [25]. 

 

2.2.2 Gas post-treatment technologies 
Exhaust post-treatment systems include DOC, DPF, and SCR. These systems are 

the most requested components especially for heavy-duty diesel engines and a 

combination of DOC, DPF and SCR has generally been used for the simultaneous 

elimination of the main emissions. 

 

 Catalysts  

When a catalyst comes in contact with the exhaust gases, the acceleration of the 

oxidation or reduction reactions takes place at a low temperature until reaching its 

equilibrium at the exhaust temperature. To carry out its function, the catalytic 

substance is deposited on a support by the interior in which the exhaust gases that 

have the greatest contact with the catalyst circulate. The support can be 

manufactured in a metallic matrix or ceramic monolith, and the catalyst substances 

can be Platinum, Palladium, Rhodium, and mixtures between them [22]. 

One of the gas post-treatment technologies that use catalysts is the LNT (Lean NOx 

Trap). This technology, also called NOx-storage-reduction (NSR) or NOx 

adsorption catalyst (NAC), has been developed to reduce NOx emissions, 

especially in conditions of scarcity. During poor motor conditions, LNT stores NOx 

in the catalyst wash layer. Then, under the conditions of the fuel-rich engine, it 

releases and reacts with the NOx by the usual three-way reactions. The LNT catalyst 

consists mainly of three key components. These components are an oxidation 

catalyst (Pt), a storage environment for NOx (barium and other oxides) and a 

reduction catalyst [25]. 

Another type of technology is the Diesel Oxidation Catalyst or Diesel Oxidation 

Catalyst (DOC). The main function of the DOC is to oxidize HC and CO emissions. 

Also, DOCs play a role in decreasing the mass of particulate matter emissions by 

oxidizing some of the hydrocarbons that adsorb onto the carbon particles [34]. 

DOCs can also be used in conjunction with SCR catalysts to oxidize NO to NO2 

and increase the NO2 [25]. 
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 Reactors 

The reactors are used to reduce the concentration of pollutants using chemical 

reactions in the exhaust gases. The chemical reactions that cause are oxidation, in 

the case of HC or soot, and reduction, for other compounds. The reactors can be 

thermal or chemical. In the first case, oxidation occurs at high temperature and, in 

the second case, a chemical reaction takes place through a reactant that allows the 

polluting substance to disappear. Among the technologies that use reactors to 

reduce emissions is the selective catalytic reduction (SCR - Selective Catalytic 

Reduction) system. In this system, which serves to reduce NOx emissions, 

ammonia or urea is injected into the exhaust gases and allowed to pass through 

catalytic substances formed from mixtures of vanadium and titanium [22]. 

 

2.3. Environmental impact 

 

In the first place, NOx and SO2 are the cause of the appearance of acid rain in the 

environment, causing damage to forests, aquatic systems, corrosion of metals, 

among others. Also, CO2, in conjunction with other gases such as CH4, CO, and 

NOx, is a participant in the emergence of the greenhouse effect. On the other hand, 

the particulate material is suspended in the air and interferes with the transmission 

of light in the atmosphere, causing poor visibility [22]. 

 

3.  Discussion 
 

One of the main concerns is the impact of emissions from diesel engines to humans, 

since substances that alter the balance and the natural composition of air promote 

greater mortality and moderate or severe pathologies, which consider pollutants 

atmospheric and present a current risk to human health [22]. The proportion of 

pollutants that are expelled will depend on the type of vehicle, the fuel used, the 

emission control technology, among others; generating a great impact on health. 

According to the Environmental Protection Agency (EPA) of the United States, 

emissions from diesel engines can contain more than 40 substances considered 

harmful, toxic and carcinogenic, which reach significant respiratory, cardiovascular 

and reproductive impacts on humans [22]. In the case of the respiratory system, 

there are pathologies such as greater difficulty in the recovery of people suffering 

from asthma, which makes their symptoms more serious; increase in lung diseases; 

loss of optimal functioning in the respiratory system of children; development of 

chronic respiratory diseases and even lung cancer. On the other hand, in the 

cardiovascular system, there is an increase in heart diseases such as embolism, 

hypertension, arrhythmia, thrombosis, etc. and an increase in the possibility of heart 

attacks. Finally, the reproductive system tend to generate disadvantages at the time 

of pregnancy, threatened abortion and infant mortality. 

 

4. Conclusions  
 

It is clear that a major source of environmental pollution and consequent impact on  
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human health, is combustion in internal combustion engines, because it generates 

emissions of carbon monoxide (CO), unburned hydrocarbons (HC), nitrogen oxides 

(NOx), particulate matter (PM) and other products that depend on the composition 

of the fuel. The percentage of emissions will depend mainly on several factors such 

as the engine design, the operating conditions, the atmospheric conditions, the type 

of fuel and the gas post-treatment system used. However, although they are already 

identified, these factors are not fully improved in the new vehicles and machines; 

nor withdrawn in the already established engines. Given the above, and the 

importance of the consequences of this phenomenon, it is necessary to be able to 

develop strategies that facilitate the improvement of the factors that directly 

influence the high percentage of contamination. 

 

 

References 
 

[1] H. Dalkmann and C. Brannigan, Transport and Climate Change. A 

Sourcebook for Policy-Makers in Developing Cities, Gesellschaft fur Tech. 

Zusammenarbeit-GTZ Eschborn, vol. module 5e, 2007. 

 

[2] K. L. Cheung, L. Ntziachristos, T. Tzamkiozis, J. J. Schauer, Z. Samaras, K. 

F. Moore, C. Sioutas, Emissions of Particulate Trace Elements, Metals and 

Organic Species from Gasoline, Diesel, and Biodiesel Passenger Vehicles and 

Their Relation to Oxidative Potential, Aerosol Sci. Technol., 44 (2010), no. 7, 

500–513. https://doi.org/10.1080/02786821003758294  

 

[3] A. C. Lloyd and T. A. Cackette, Diesel Engines: Environmental Impact and 

Control, J. Air Waste Manage. Assoc., 51 (2001), no. 6, 809–847. 

https://doi.org/10.1080/10473289.2001.10464315  

 

[4] Ministerio de Salud, Decreto 2 de 1982, República de Colombia. 

 

[5] K. Egeback, M. Henke, B. Rehnlund, M. Wallin and R. Westerholm, 

Blending of Ethanol In Gasoline for Spark Ignition Engines-Problem 

Inventory and Evaporative Measurements, Rapport MTC,  2005. 

 

[6] M. A. Ghadikolaei, Effect of alcohol blend and fumigation on regulated and 

unregulated emissions of IC engines - A review, Renew. Sustain. Energy Rev., 

57 (2016), 1440–1495. https://doi.org/10.1016/j.rser.2015.12.128  

 

[7] G. Karavalakis, S. Poulopoulos and E. Zervas, Impact of diesel fuels on the 

emissions of non-regulated pollutants, Fuel, 102 (2012), 85–91. 

https://doi.org/10.1016/j.fuel.2012.05.030  

 

[8] E. Zervas, Regulated and non-regulated pollutants emitted from two aliphatic 

and a commercial diesel fuel, Fuel, 87 (2008), no. 7, 1141–1147. 

https://doi.org/10.1080/02786821003758294
https://doi.org/10.1080/10473289.2001.10464315
https://doi.org/10.1016/j.rser.2015.12.128
https://doi.org/10.1016/j.fuel.2012.05.030


Study of the emissions in the diesel engines: a review                                          3795 

 

 

https://doi.org/10.1016/j.fuel.2007.06.010  

 

[9] E. Zervas and G. Bikas, Impact of the Driving Cycle on the NOx and 

Particulate Matter Exhaust Emissions of Diesel Passenger Cars, Energy & 

Fuels, 22 (2008), no. 3, 1707–1713. https://doi.org/10.1021/ef700679m  

 

[10] P. F. Nelson, A. R. Tibbett and S. J. Day, Effects of vehicle type and fuel 

quality on real world toxic emissions from diesel vehicles, Atmos. Environ., 

42 (2008), no. 21, 5291–5303.  

https://doi.org/10.1016/j.atmosenv.2008.02.049  

 

[11] International Energy Agency, Technology Roadmap: Biofuels for Transport,  

2011. 

 

[12] T. Balamurugan and R. Nalini, Experimental investigation on performance, 

combustion and emission characteristics of four stroke diesel engine using 

diesel blended with alcohol as fuel, Energy, 78 (2014), 356–363. 

https://doi.org/10.1016/j.energy.2014.10.020  

 

[13] A.-H. Kakaee, A. Paykani and M. Ghajar, The influence of fuel composition 

on the combustion and emission characteristics of natural gas fueled engines, 

Renew. Sustain. Energy Rev., 38 (2014), 64–78. 

https://doi.org/10.1016/j.rser.2014.05.080  

 

[14] C. Arcoumanis, C. Bae, R. Crookes and E. Kinoshita, The potential of di-

methyl ether (DME) as an alternative fuel for compression-ignition engines: 

A review, Fuel, 87 (2008), no. 7, 1014–1030. 

https://doi.org/10.1016/j.fuel.2007.06.007  

 

[15] A. Demirbas, Competitive liquid biofuels from biomass, Appl. Energy, 88 

(2011), no. 1, 17–28. https://doi.org/10.1016/j.apenergy.2010.07.016  

 

[16] K. Rajan and K. R. Senthilkumar, Effect of Exhaust Gas Recirculation (EGR) 

on the performance and emission characteristics of diesel engine with 

sunflower oil methyl ester, Jordan J. Mech. Ind. Eng., 3 (2009), no. 4. 

 

[17] Y. D. Wang, T. Al-Shemmeri, P. Eames, J. McMullan, N. Hewitt, Y. Huang, 

S. Rezvani, An experimental investigation of the performance and gaseous 

exhaust emissions of a diesel engine using blends of a vegetable oil, Appl. 

Therm. Eng., 26 (2006), no. 14–15, 1684–1691. 

https://doi.org/10.1016/j.applthermaleng.2005.11.013  

 

[18] J. Yan and T. Lin, Biofuels in Asia, Appl. Energy, 86 (2009), S1–S10. 

https://doi.org/10.1016/j.apenergy.2009.07.004  

 

https://doi.org/10.1016/j.fuel.2007.06.010
https://doi.org/10.1021/ef700679m
https://doi.org/10.1016/j.atmosenv.2008.02.049
https://doi.org/10.1016/j.energy.2014.10.020
https://doi.org/10.1016/j.rser.2014.05.080
https://doi.org/10.1016/j.fuel.2007.06.007
https://doi.org/10.1016/j.apenergy.2010.07.016
https://doi.org/10.1016/j.applthermaleng.2005.11.013
https://doi.org/10.1016/j.apenergy.2009.07.004


3796                                                                                   Jorge Duarte Forero et al. 

 

 

[19] A. Murugesan, C. Umarani, R. Subramanian and N. Nedunchezhian, Bio-

diesel as an alternative fuel for diesel engines—A review, Renew. Sustain. 

Energy Rev., 13 (2009), no. 3, 653–662. 

https://doi.org/10.1016/j.rser.2007.10.007  

 

[20] G. M. Tashtoush, M. I. Al-Widyan and A. M. Albatayneh, Factorial analysis 

of diesel engine performance using different types of biofuels, J. Environ. 

Manage., 84 (2007), no. 4, 401–411.  

https://doi.org/10.1016/j.jenvman.2006.06.017  

 

[21] E. G. Giakoumis, C. D. Rakopoulos, A. M. Dimaratos and D. C. Rakopoulos, 

Exhaust emissions of diesel engines operating under transient conditions with 

biodiesel fuel blends, Prog. Energy Combust. Sci., 38 (2012), no. 5, 691–715. 

https://doi.org/10.1016/j.pecs.2012.05.002  

 

[22] N. Fonseca González, Aspectos De La Medición Dinámica Instantánea De 

Emisiones De Motores. Aplicación Al Desarrollo De Un Equipo Portátil Y 

Una Metodología Para Estudios De Contaminación De Vehículos En Tráfico 

Real, Universidad Politécnica De Madrid, 2012.  

https://doi.org/10.20868/upm.thesis.14269  

 

[23] L. Santivañez, Evaluación experimental del consumo de combustible y las 

emisiones gaseosas de un motor Diésel utilizando 3 mezclas de Diésel y 

biodiesel: DB5, DB7,5 y DB10, Pontificia Univesidad Católica del Perú, 

2016. 

 

[24] F. Payri González and J. M. Desantes Fernández, Motores de Combustión 

Interna Alternativos, Universidad Politécnica de Valencia, 2011. 

 

[25] I. A. Reşitoʇlu, K. Altinişik and A. Keskin, The pollutant emissions from 

diesel-engine vehicles and exhaust aftertreatment systems, Clean Technol. 

Environ. Policy, 17 (2015), no. 1, 15–27. 

https://doi.org/10.1007/s10098-014-0793-9  

 

[26] M. Gomaa, A. Alimin and K. Kamarudin, The effect of EGR rates on NOX 

and smoke emissions of an IDI diesel engine fuelled with Jatropha biodiesel 

blends., Int. J. Energy Environ., 2 (2011), no. 3, 477-490. 

 

[27] S. H. Yoon, H. K. Suh and C. S. Lee, Effect of spray and EGR rate on the 

combustion and emission characteristics of biodiesel fuel in a compression 

ignition engine, Energy and Fuels, 23 (2009), 1486-1493. 

https://doi.org/10.1021/ef800949a  

 

[28] S. Choi, W. Park, S. Lee, K. Min and H. Choi, Methods for in-cylinder EGR 

stratification and its effects on combustion and emission characteristics in a  

https://doi.org/10.1016/j.rser.2007.10.007
https://doi.org/10.1016/j.jenvman.2006.06.017
https://doi.org/10.1016/j.pecs.2012.05.002
https://doi.org/10.20868/upm.thesis.14269
https://doi.org/10.1007/s10098-014-0793-9
https://doi.org/10.1021/ef800949a


Study of the emissions in the diesel engines: a review                                          3797 

 

 

diesel engine diesel engine, Energy, 36 (2011), 6948-6959. 

https://doi.org/10.1016/j.energy.2011.09.016  

 

[29] A. Abu-Jrai, J. Rodríguez-Fernández, A. Tsolakis, A. Megaritis, K. Theinnoi, 

R.F. Cracknell, R.H. Clark, Performance, combustion and emissions of a 

diesel engine operated with reformed EGR. Comparison of diesel and GTL 

fuelling, Fuel, 88 (2009), 1031-1041. 

https://doi.org/10.1016/j.fuel.2008.12.001  

 

[30] L. Labecki and L. C. Ganippa, Effects of injection parameters and EGR on 

combustion and emission characteristics of rapeseed oil and its blends in 

diesel engines, Fuel, 98 (2012), 15-28. 

https://doi.org/10.1016/j.fuel.2012.03.029  

 

[31] A. Kumaraswamy and B. D. Prasad, Performance analysis of a dual fuel 

engine using LPG and diesel with EGR system, Procedia Engineering, 38 

(2012), 2784-2792. https://doi.org/10.1016/j.proeng.2012.06.326  

 

 

Received: August 19, 2018; Published: September 12, 2018 

 

https://doi.org/10.1016/j.energy.2011.09.016
https://doi.org/10.1016/j.fuel.2008.12.001
https://doi.org/10.1016/j.fuel.2012.03.029
https://doi.org/10.1016/j.proeng.2012.06.326

