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Abstract : This review provides a comprehensive evaluation of the impact of Exhaust Gas Recirculation (EGR) 

on performance parameters (BSFC, BMEP, and BTE) and emission characteristics  (NOx, CO2, CO, THC, and 

smoke opacity) in diesel engines. By synthesizing existing literature, key findings regarding the effects of EGR 

on fuel consumption, power output, nitrogen oxide (NOx) emissions, particulate matter, and other pollutants are 

highlighted. The review critically discusses the mechanisms through which EGR influences combustion 

processes, thermal efficiency, and exhaust gas composition, clarifying the balance between emission reduction 

and engine performance. Additionally, challenges and opportunities associated with EGR implementation, such 

as finding the optimum value of the EGR rate without affecting engine performance, are explored. Insights from 

this review paper offer valuable guidance for optimizing EGR strategies to achieve an equilibrium between 

meeting emission regulations and maintaining efficient diesel engine operation. 

Keywords: Exhaust Gas Recirculation, diesel engines, smoke opacity, Nitrogen oxides, particulate matter, 

combustion, thermal efficiency, exhaust gas composition. 

Nomenclature  

 

 

EGR Exhaust gas recirculation 𝜆 Excess air ratio  

 

BSFC Brake specific fuel consumption αH2 Hydrogen energy fraction 

BMEP Brake mean effective pressure EDir Ethanol direct injection ratio 

NOx Nitrogen oxides SHC  Specific heat capacity 

CO2 Carbon dioxide H20 Water 

CO Carbon monoxide UV Ultraviolet 

THC Total hydrocarbon HC Hydrocarbon 

DC Donor-cylinder WCME100 Waste cooking oil methyl ester 

UHC Unburned hydrocarbon DMC Carbonate additives 

HPL High pressure loop CI Compression ignition 

LPL Low pressure loop HCCI Homogeneous charge compression 

ignition 

PB 30% palm biodiesel +70% diesel fuel PBN 30% palm biodiesel +70% diesel fuel 

+25 ppm TiO2 

 

1 Introduction 

Exhaust gas recirculation (EGR) technology implies that part of the exhaust gas from the engine is sent back to 

the intake manifold to enter the cylinder again together with the fresh mixture [1]. The technology was first 

applied to diesel engines, but EGR has been introduced to gasoline engines in recent years as emissions 
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requirements for gasoline engines have increased. This technique plays a crucial role in modern diesel engines 

by helping to reduce harmful emissions and improve overall engine efficiency. The emissions from the engine 

exhaust comprise carbon monoxide (CO), unburned hydrocarbon (UHC) and nitrogen oxides (NOx), and the 

mixture possesses higher specific heat compared to atmospheric air [2]. EGR is mixed with fresh air charge and 

then induced in the engine cylinder with carbon dioxide (CO2) and water vapour in the exhaust manifold. 

Consequently, due to the involvement of less air, lower oxygen content is available for combustion. Thus, the 

air-fuel mixture tends to be lean [3, 4]. The significant lowering of the air-fuel ratio affects the emission 

concentration significantly. Moreover, the involvement of the EGR with fresh charge results in the rise of the 

specific heat of the induced charge. Therefore, the temperature of the flame gets reduced. The addition of lesser 

oxygen quantity in the fresh induced air as well as the lower flame temperature decreases the NOx formation 

reaction rate [2, 5]. This further contributes to the cleaner and more environmentally friendly operation of IC 

engines.  

As emissions standards become increasingly stringent worldwide, the quest to improve air quality and reduce 

greenhouse gas emissions has elevated the importance of EGR research [6]. Researchers focus on optimizing 

EGR systems to not only reduce emissions but also ensure optimal engine operation, combustion efficiency, and 

thermal management. The continual advancements in EGR technology, including innovative system designs, 

improved control strategies, and integration with other engine systems, highlight EGR as a pivotal area of 

research in the pursuit of cleaner and more efficient diesel engines. However, very few studies have made an 

effort to determine the optimal conditions for EGR deployment in different engine types, loads, and operating 

conditions to maximize emission reduction without compromising engine performance or fuel efficiency. Thus 

far, the challenge has been finding the balance between reducing emissions while ensuring that other 

performance parameters, such as BSFC, are not affected. 

2 Overview of EGR systems 

EGR systems can be categorised as either external or internal EGR systems. The internal EGR, often uncooled, 

pertains to the residual combustion product trapped within the cylinder and the counterflow of gas from the 

exhaust manifold or port back into the cylinder [7, 8]. Externally cooled EGR is typically more efficient than 

internally uncooled EGR in terms of reducing emissions and improving fuel economy [9]. However, the cooling 

system must be able to manage the heat dissipation in the external EGR system. The percentage of EGR is 

commonly calculated for the percentage at the exhaust manifold and is given by the following formula: 

                               𝐸𝐺𝑅 (%) =
% 𝑜𝑓𝐶𝑂2 𝐼𝑁𝑇𝐴𝐾𝐸 

% 𝑜𝑓𝐶𝑂2 𝐸𝑋𝐻𝐴𝑈𝑆𝑇
× 100                                               (1) 

The external EGR system can be classified into three types: high-pressure loop (HPL), low-pressure loop (LPL), 

and hybrid EGR (also known as dual-loop EGR, which combines HPL and LPL). 

2.1 High-pressure loop 

The term "classic" EGR architecture is used to describe high-pressure EGR in contrast to a low-pressure EGR 

system [10]. This design is highly prevalent and has been extensively utilised on diesel engines for many years. 

In a high pressure EGR system, the exhaust gas is extracted prior to the turbine and then reintroduced into the 

intake manifold after the compressor, as seen in Figure 1 [11]. This occurs within the high-pressure regions in 

both the exhaust and intake manifolds, which helps in reducing NOx emissions. 

2.2 Low-pressure loop 

In a low-pressure EGR system, the gas is extracted from the exhaust after the turbine and then reintroduced into 

the intake manifold before the compressor as seen in Figure 1. This occurs in the low pressure areas of both the 

exhaust and intake manifolds, thus helping to reduce emissions and improve fuel efficiency [10, 11]. 

2.3 Hybrid (Combined) 

This type combines high-pressure and low-pressure EGR systems (Figure 1) to optimize performance and 

emissions control. It offers the advantage of integrating the benefits of both low and high-pressure EGR 
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systems, allowing for effortless transitioning between them based on the engine's operating conditions, such as 

speed and torque [9, 10, 12]. The hybrid EGR enables the turbocharger to function with optimal efficiency 

regardless of the diesel engine's operating conditions. 

 

Figure 1: High-pressure (left) and low-pressure (right) EGR system mechanisms [11]. 

3 Effects on the performance parameters 

3.1 Brake specific fuel consumption (BSFC) 

Due to the more demanding pollution regulations for diesel engines, a higher rate of EGR is employed to 

decrease the levels of NOx. Nevertheless, numerous studies have shown that an increased EGR rate negatively 

impacts BSFC. Hence, selecting an appropriate EGR pattern is crucial for achieving a balance between NOx and 

BSFC. Seelam et al. [13] made a contribution where they demonstrated the BSFC variance at 75% engine load 

with EGR (Figure 2). They confirmed that the use of EGR has a detrimental impact on the BSFC. However, 

their study showed that an increase in the composition of EGR leads to an improvement in the BSFC. The 

combustion efficiency is reduced because the EGR replaces oxygen with water and CO2, which in turn reduces 

the temperature inside the cylinder.  

 

Figure 2: BSFC variation for different fuel blends at different EGR ratios. 

Recent studies have suggested that the fuel blends used can also influence the correlation between EGR and 

BSFC [14, 15]. For instance, Venu, Subramani, and Raju [16] studied the effect of EGR rate on performance 
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parameters, including BSFC, when using 30% palm biodiesel +70% diesel fuel (PB) and 30% palm biodiesel 

+70% diesel fuel +25 ppm TiO2 (PBN). Based on Figure 3, it is observed that with increasing percentages of 

EGR in PB, there is an improvement in BSFC or reduction in thermal efficiency, which could be attributed to 

oxygen deficiency, followed by a higher level of air replacement by exhaust gases [16]. However, it is further 

observed that the engine load also plays a vital role in the increment of BSFC. 

 

Figure 3: Variation of BSFC for engine load for PB-EGR. 

These aforementioned studies are evidence that researchers have been exploring the impact of EGR on BSFC in 

diesel engines, focusing on the effects of varying EGR rates on BSFC. Nonetheless, a gap exists, as few studies 

have addressed the interaction of injection timing with EGR. Thus, studying the influence of combustion 

chamber design on BSFC under EGR conditions, examining the correlation between EGR and different fuel 

properties, and analyzing the trade-off between emission levels and BSFC optimization are all valuable avenues 

for further studies. These comprehensive studies would provide a more thorough understanding of how EGR 

affects BSFC in diesel engines and could contribute to enhancing engine efficiency and performance. 

3.2 Brake mean effective pressure (BMEP) 

Generally, BMEP is a measure of the average pressure exerted on the piston during the power stroke. It provides 

insights into the engine's performance capabilities. Several studies have demonstrated that the correlation 

between BMEP and EGR is often influenced by various factors, including EGR rates, engine operating 

conditions, and combustion strategies [17, 18]. Other scholars have suggested that employing modest rates of 

EGR might decrease the highest temperatures experienced during combustion, decrease the amount of NOx 

emissions, and potentially enhance thermal efficiency [19, 20]. Nevertheless, excessive amounts of EGR might 

result in combustion instability and decreased BMEP due to dilution effects. When EGR is introduced to the 

combustion process, it has an impact on the composition of the air-fuel mixture, the characteristics of 

combustion, and ultimately, the performance of the engine. Consequently, Sun et al. [21] demonstrated that the 

EGR effect on the engine at BMEP of 0.8 MPa is stronger than that at 0.4 MPa BMEP because the combustion 

is more sensitive to the oxygen content at a higher load. 

Similarly, Mossa et al. [22] reported that BMEP decreases as the EGR rate increases. This suggests that the 

engine has less work to produce whenever the BMEP decreases. The decrease of BMEP due to an increase in 

EGR has been an ongoing challenge for researchers. Thus, Yu et al. [23] investigated the improvement afforded 

by the addition of hydrogen and the introduction of EGR for the original engine combustion and power. The 

combustion characteristics were examined at the conditions of excess air ratio (𝜆 ) = 1.2 and 1.4. They 

concluded that the addition of hydrogen and the introduction of EGR can increase the BMEP. At 𝜆 = 1.2, as the 

hydrogen energy fraction (𝛼𝐻2) increases from 0% to 25%, the maximum BMEP value at each 𝛼𝐻2 condition 

increases by 9%, 12.70%, 16.50%, 11.30%, and 8.20%, respectively, compared with the value without EGR. 

The EGR rate that corresponds to the maximum BMEP value increases with increases in the 𝛼𝐻2.  

Zhao et al. [24] conducted a comparable investigation wherein they compared the BMEP and EGR ratios for 

various ethanol direct injection ratio (EDIr) and excess air ratio (𝜆) values ranging from 0.9 to 1.2. It was noted 
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that the BMEP exhibits its minimum overall value at 𝜆 = 1.2. This is since  𝜆 increases, both the total quantity of 

fuel and the heat discharge diminish. Simultaneously, the mixture thins, the velocity of flame propagation 

diminishes, and the constant volume combustion decreases; these factors contribute to a reduction in power 

capacity and BMEP. Thus, the authors concluded that 12%EGR+30%EDIr can effectively improve the BMEP 

and compensate for the loss of BMEP caused by the lean-burn condition. Other researchers have previously 

reported similar findings [22, 25, 26]. These studies are evidence that the effect of EGR on BMEP has a non-

linear relationship and is strongly dependent on factors such as hydrogen, 𝜆, EGR ratio, and fuel blend used. 

Studying the interaction between EGR and intake boost pressure to assess their combined effect on BMEP can 

provide insight into engine performance under varying operating conditions. Additionally, investigating the 

thermal effects of EGR on combustion characteristics and their subsequent impact on BMEP, as well as 

examining the potential interchange between emission reduction and BMEP optimization, are also crucial 

aspects to consider in further studies. 

3.3 Brake thermal efficiency (BTE) 

EGR can lower the oxygen concentration in the combustion chamber, potentially leading to incomplete 

combustion and higher particulate matter emissions [27]. This trade-off between NOx reduced and increased 

particulate matter can impact the overall efficiency and emissions characteristics of a diesel engine. However, 

recent studies have suggested that engine calibration and control strategies play a crucial role in optimizing the 

EGR rate to achieve the best balance between emissions and fuel efficiency. Generally, the BTE of the engine 

decreases with an increase in EGR rates [28, 29]. This is because EGR displaces much of the necessary air for 

combustion, hence leading to a decrease in thermal efficiency. 

Lou et al. [30] conducted a study that demonstrated that with EGR, BTE is adversely affected in the case of 

blended fuels. Seelam et al. [13] emphasized that the addition of EGR has a three-way effect on combustion. 

The exhaust gas increases the specific heat capacity (SHC) of the charge. It is composed of diluents such as CO2 

and water (H20), removing the freshly induced oxygen component. An endothermic mechanism that worsens 

the combustion is the dissociation of H20 and CO2. All these effects have a detrimental effect on combustion, 

resulting in a decrease in BTE. A study by Mossa et al. [22] showed that BTE is also dependent on the engine 

speed. Figure 4, depicts their results, where it is shown that BTE is reduced when EGR is used. Additionally, the 

cylinder pressure reduces with increased EGR rates, hence affecting engine efficiency as a whole. Other 

scholars have observed that 30% EGR addition significantly reduces the BTE by 8 and 18% for conventional 

diesel and WCME100 fuelled engines, respectively. These studies are evidence that researchers have looked at 

the effects of varying EGR rates on BTE, and the impact of different engine operating conditions on this 

relationship. However, future studies could further explore advanced engine control strategies to enhance both 

BTE and EGR effectiveness. 

 

Figure 4: BTE at different engine speeds fuelled with diesel fuel with and without EGR. 
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3.4 Exhaust gas temperature (EGT) 

Researchers often investigate how varying EGR rates influence EGT levels in diesel engines under different 

operating conditions. Understanding this correlation is crucial for optimizing engine performance, emissions 

control, and thermal management strategies. Most of the studies suggest that the EGT increases with an increase 

in engine loads for all operating modes. This is due to the increase in total energy input at high load following 

higher fuel consumption. Other scholars have demonstrated that an increase in the percentage of EGR results in 

a decrease in EGT. 

A study by Mohd et al. [31] focused on the effects of the EGR technique and palm oil on the BSFC, 

performance, and emission levels. The experimental work used a multi-cylinder diesel engine at a constant 

engine speed of 2500 rpm under full load. The result showed that when using EGR, the NOx emission level 

decreases along with the EGT but increases in BSFC and other emission levels. Additionally, Kuropyatnyk and 

Sagin [32] showed that the EGT of the diesel engine is decreased when the EGR system is used, while they 

observed the highest EGT when EGR was not used, which is in agreement with the study by Prakash, 

Prabhahar, and Kumar [33] demonstrating that when using EGR, the EGT was higher with biodiesel than 

normal diesel. According to Wei et al. [34], an engine equipped with hot EGR can utilise the high temperature 

of the exhaust gas to warm up the intake charge, resulting in enhanced combustion and fuel conversion 

efficiency. On the other hand, cooled EGR enhances the density of the intake, hence enhancing the volumetric 

efficiency of the engine. Few studies have addressed the interaction between EGR and turbocharger 

performance. This research work can provide insights into how boosting pressure levels affects EGT when EGR 

is introduced. 

4 Emission characteristics  

EGR is widely recognised as a highly effective technology for reducing NOx emissions. However, it does have 

several disadvantages, including an increase in HC, CO, and smoke levels. Additionally, it leads to a rise in fuel 

consumption, resulting in a decrease in thermal efficiency [35, 36]. Nevertheless, this issue can be resolved by 

optimising the proportion of EGR supply. Some scholars have noticed that a 15% EGR rate is found to be 

effective in reducing NOx emissions substantially without deteriorating engine performance in terms of thermal 

efficiency, SFC, and emissions [29, 37, 38]. This is evidence that EGR can be applied to diesel engine without 

sacrificing its efficiency or fuel economy, and NOx reductions can thus be achieved. On the other hand, several 

researchers have focused on the influence of fuel blends on emission characteristics using the EGR technique 

[32, 39, 40]. Some of the results are summarised in Table 1 below.  

Table 1: Emissions analysis on biodiesel-fueled engines with EGR technique [39]. 

Fuel used Engine used EGR rate and 

Load condition 

Emission results References 

KB40 2C, DI, Diesel 

engine 

15% EGR, 80% 

load 

NOx↓25.75%, 

HC↑17.5%, 

CO↑11.11%, Smoke 

↑16.92% 

(Pandian, 

Sivapirakasam, and 

Udayakumar, 2010) 

JME20 4C, WC, IDI, Diesel 

engine 

10% EGR NOx↓36%, 

Smoke↓31% 

(Gomaa, Alimin, and 

Kamarudin, 2011) 
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RB100 1C, AC, DI, Diesel 

engine 

20%EGR, IMEP 

= 6.1 bar 

NOx↓ 51.76%, 

HC↑15%, CO↑%, 

Smoke↑51.9% 

(Tsolakis et al., 2007) 

SOME20 2C, IDI, WC, Diesel 

engine. 

15% EGR rate NOx↓ 25%, HC↓5%, 

CO↓10%, Smoke↑% 

(Rajan and 

Senthilkumar ,2009) 

SB100 4C, 16 valve 

Mercedes 

27% EGR, Load 

= 68 Nm 

NOx↓87.7%, CO↑↑%, 

Smoke↑↑% 

(Kassetal., 2009) 

SME100 4C, 16 valve 

Mercedes 

27% EGR, Load 

= 68 N/m 

NOx↓86%, CO↑%, 

CO2↑5.5%, PM↑% 

(Kass et al., 2009) 

JOB100 2C, 4S, WC, DI, 

Diesel engine, 

12% EGR. 100% 

load 

NOx↓36%, HC↑%, 

CO↑% 

(Saleh, 2009) 

JB100 1C, 4S, DI, WC, 

Diesel engine 

15%EGR (Hot), 

100% load. 

NOx↓74.8%, HC↑%, 

CO↑%, Smoke↑% 

(Pradeep and Sharma, 

2007) 

SB20 1C, 4S, DI, Diesel 

engine, CS, 

15% EGR rate NOx↓55%, HC↑%, 

Smoke↑15% 

(Can et al., 2016) 

Diesel + 

H2 

1C, 4S, HCCI, 

vertical, Diesel 

engine 

20% EGR, 80% 

load 

NOx↓41.4%, 

HC↓12.3%, 

CO2↓29.1%, 

Smoke↓8.3% 

(Bose and Maji, 2009) 

     

4.1 Nitrogen oxides (𝐍𝐎𝐱) 

NOx are the most significant pollutants produced by diesel engines, regardless of its kind, class, size, or design 

characteristics, in all operating conditions [41]. The NOx in overall emissions make up 30 to 80% of the total 

weight and 60 to 95% of the comparable toxicity. NOx, aerosols and chlororganic chemicals emitted into the 

atmosphere contribute to the depletion of the ozone layer, which is located at a height of 25 km and absorbs 

99% of solar and Ultraviolet (UV) radiation [42, 43]. Researchers have proven that the use of fuel additives in 

biodiesel can reduce NOx emissions [41, 44]. However, recent reports have suggested that EGR is the most 

appropriate and effective method for reducing the NOx emissions from diesel engines [45, 46]. This technology 

contributes to ensuring compliance with international environmental protection requirements.  

Several studies have proven that EGR is an effective method to reduce NOx. For example, de Oliveira, 

Bernardes, and Ferreira [47] experimentally proved that utilising the EGR system will result in a reduction of 

NOx emissions by 37.9 to 53.5%, which is contingent upon the engine's operating mode and the extent of EGR 

implementation. Tang et al. [48] examined the impact of high-pressure (HP) and donor-cylinder (DC) EGR on 

the fuel efficiency and emissions of marine diesel engines. Their findings indicate that as the load decreases, the 

NOx emissions of HP-EGR and DC-EGR increase progressively. HP-EGR has greater levels of NOx emissions 

at low and medium loads. When operating at a load of 25%, the NOx emissions of the HP-EGR system are 3.46 

g/kWh greater than those of the DC-EGR system. The greatest attainable EGR has a significant impact on NOx 
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emissions. Similarly, Nag et al. [49] and Sharma et al. [50] found that a small decrease in NOx levels were 

observed under lower loading limits of the engine.  

In 2022, Lou et al. [51] demonstrated that as the diesel engine load drops, the maximum attainable EGR of HP-

EGR and DC-EGR rapidly reduces. Saravanan et al. [52] experimentally proved that increasing the EGR level 

leads to a decrease in NOx emissions under all engine load conditions. The use of EGR reduces emissions in 

diesel engines by lowering the oxygen concentration and flame temperatures in the combustible mixture [53]. 

Furthermore, other studies have shown that the EGR of the HP-EGR system is more responsive to changes in 

load, and its EGR level lowers more rapidly compared to the DC-EGR system. Most similar studies have 

suggested that the ideal level of EGR should fall between the approximate range of 5 to 15%, depending on the 

specific design and operational characteristics of a diesel engine, and this value must be found by experimental 

methods [52, 54, 55]. 

4.2 Carbon dioxide (𝐂𝟎𝟐) and carbon monoxide (CO) 

Generally, EGR technology has a significant impact on exhaust gaseous emissions, inducing a significant 

reduction in NOx and an increase in unburned hydrocarbons (UHC) and CO, which can affect the operation of 

the after treatment system [56]. Hoang and Pham [57] conducted a study on a solution to reduce emissions by 

using hydrogen as an alternative fuel for a diesel engine with integrated EGR. In their study, they compared the 

relationship between the volume concentration of CO and brake power at different values of enriched hydrogen 

with non-EGR cases, with 10% EGR, 20% EGR, and pure diesel fuel. The experimental results in Figure 5 

show that CO emissions tend to decrease as the concentration of hydrogen fuel increases because the burning of 

hydrogen does not produce CO2. 

 

Figure 5: Different CO concentrations with power engines at various EGR levels. 

De Serio, de Oliveira, and Sodré [58] examined the impact of the EGR rate on the efficiency and emissions of a 

diesel power generator running on B7 fuel. They noted that the emissions of CO2, CO, and THC increase when 

EGR is used. The CO2 trend shown in Figure 6 can be attributed to the fact that the fresh intake air has very 

small amounts of CO2, whereas the EGR fraction has a significant amount of CO2. This amount increases with a 

higher EGR flow rate and engine load [59]. Likhanov, Lopatin, and Yurlov [60] noted that when the diesel 

engine is running on natural gas with EGT, the content of CO2 in the exhaust gases decreases by 43.2%, soot (C) 

by 5.6 times, CO2 by 33.3%, and CO by 10.0%. This proves that further studies should look at using natural gas 

when aiming to improve the environmental performance of a diesel engine. Conversely, Nanthagopal et al. [61] 

observed that a 30% EGR rate substantially increases the CO and HC emissions for waste cooking oil methyl 

ester (WCME100) and conventional diesel fuels at maximum BMEP. Therefore, analyzing the impact of EGR 

on overall engine performance and fuel consumption to assess its indirect effects on CO2 emissions could be 
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crucial for further research. Additionally, investigating the optimal EGR strategies to concurrently minimize 

CO2 and CO emissions without compromising engine efficiency is also essential.  

 

Figure 6: Variation of 𝐂𝐎𝟐 (left) and CO (right) emissions with EGR rate and load. 

4.3 Total hydrocarbon (THC)  

Many studies have reported that the EGR rate in diesel engines can have an impact on various emissions, 

including THC [60, 62, 53]. Generally, an increase in EGR rate can lead to a decrease in combustion efficiency, 

potentially resulting in incomplete combustion and increased THC emissions. This is emphasized by several 

scholars, who have reported that the use of EGR commonly increases in CO2, CO and THC emissions [64, 65]. 

However, the rate of increase depends on the load and EGR rate. Likewise, Ramesh et al. [66] compared the 

variants of hydrocarbon emissions under the influence of carbonate additives (DMC) and EGR with varying 

BMEPs of the test engine. They observed an increase in HC emissions with increasing engine BMEP and EGR 

in test mixes.  

In contrast, Hussain et al. [67] studied the effect of EGR on the performance and emission of a compression 

ignition (CI) engine with staged combustion (insertion of UHC). They reported that HC and CO emissions 

increase with increasing EGR. Lower excess oxygen concentrations result in rich air-fuel mixtures at different 

locations inside the combustion chamber. This heterogeneous mixture does not combust completely and results 

in higher HC and CO emissions. This study was validated by Wang et al. [68] when they reported that EGR 

increases CO and HC emissions due to incomplete combustion and reduces the exhaust temperature in advance. 

Additionally, Abed et al. [69] stated that the increased percentage of palm biodiesel in the blends increases NOx 

emissions and decreases CO and HC emissions. 

The optimum EGR rate for reducing THC emissions while maintaining good combustion efficiency can vary 

depending on the engine design, operating conditions, and emission control strategies employed. Researchers 

have been interested in testing and optimizing the EGR rate under different operating conditions, which can help 

achieve the best balance between emissions control and engine performance. Further studies should consider the 

overall engine system and emission control technologies when adjusting the EGR rate to achieve the desired 

balance between reducing 𝑁𝑂𝑥 and THC emissions. 

4.4 Smoke opacity 

In general, the presence of smoke in the exhaust of a diesel engine is a clear indication of an incomplete 

combustion process occurring during engine operation. Fayad [70] stated that increasing the EGR level results 

in an increase in smoke opacity emissions for all load conditions. This may be because the implementation of 

EGR reduces the availability of oxygen for the combustion of fuel, which results in relatively incomplete 

combustion and increased formation of particulate matter. Venu, Subramani, and Raju [71] concluded that the 

novel approach of the combined effect of nanoparticle blended palm biodiesel with EGR can lower all the major 

regulated emissions (HC, CO, and NOx) simultaneously until part loads and reduce smoke throughout the engine 

load towards a sustainable green environment. Wu et al. [72] conducted a novelty study with the EGR system, 
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aiming to reduce CO2 exhaust. The injection timing was observed to advance by 33% of the decreased smoke 

density and increased NOx emission level by 20%. The EGR result decreased by 63% with the NOx emission 

level with the increase in smoke. 

Nanthagopal et al. [61] were interested in the comparison of smoke absorption for diesel and 100% WCME100 

fuel operations with and without EGR addition. They noted that the higher the BMEP, the higher the engine 

smoke absorption for all the tested fuels (Figure 7). Moreover, it was found that the introduction of 30% EGR 

shifted the curves above as compared to a fresh air charge mixture. These results are in agreement with the 

suggestion of many researchers that the WCME100-fuelled diesel engine emits low smoke emissions compared 

to conventional diesel fuel under all BMEPs. On the other hand, Rajasekar et al. [73] investigated the variation 

of smoke with EGR rate when the diesel engine is at 900 and 1500 r.p.m. conditions, where the load is 25%, 

50%, and 75%. They observed that the diesel engine emits minimal variation in smoke under low-load 

conditions. As the load and EGR rate increase, the output of smoke also increases. Under the same speed 

setting, the high-smoke area of the diesel engine was shifted to the high-load and high EGR rate area. Other 

scholars, such as Syarifudin, Syaiful, and Yohana [74] and Reddy et al. [75], stated that EGR rates of 0% to 

20% and addiction to DMC represent the proportionate amount of smoke drops with the rise in engine BMEP. 

 

Figure 7: Comparison of smoke opacity with BMEP at 30% EGR. 

5 Conclusion 

This review paper examined the impact of EGR on performance parameters and emission characteristics of 

diesel engines. It has provided useful knowledge on the complex relationship between EGR and engine 

efficiency. It primarily focused on parameters such as BSFC, BMEP, and BTE and emission characteristics such 

as NOx , O2 , CO, THC and smoke opacity. The main aim was to investigate the effect of EGR on all these 

aforementioned parameters and how this affects the performance of a diesel engine. According to the reviewed 

literature, EGR is thus the most effective method to reduce NOx emissions, as it introduces a controlled portion 

of the exhaust gas back into the engine cylinders along with the intake air. While EGR effectively reduces NOx 

emissions, other studies have shown that there are some potential drawbacks to its use. Introducing exhaust gas 

can lower the oxygen concentration in the cylinder, potentially leading to incomplete combustion, increased 

particulate matter emissions, and reduced engine efficiency.  

Existing studies have certainly focused on the immediate impact of EGR on fuel consumption, NOx emissions, 

and other key parameters. However, there is a lack of research focusing on the durability and reliability aspects 

over extended periods of operation. In contrast, it is an ongoing challenge to balance the benefits of EGR 

technology with potential trade-offs in power output and smoke opacity to optimize engine performance. Having 

said that, researchers are required to find out the optimum value of the EGR rate without affecting the engine’s 

performance. 
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