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Abstract. Diesel engines, introduced by Rudolf Diesel in 1897, have played a significant role in the 
global transportation and energy sectors due to their reliability and efficiency. However, increasing 
environmental concerns and the need for sustainable solutions have driven the evolution of diesel 
technology, leading to innovations that reduce emissions and improve performance. This paper 
reviews the historical development and diverse applications of diesel engines, particularly in marine 
vessels, trains, and aircraft. It explores the technological advancements that have enhanced fuel 
efficiency and reduced pollutants, such as the introduction of alternative fuels like biodiesel and 
hybrid diesel-electric systems. The review also highlights the importance of emissions control 
technologies like diesel particulate filters (DPF) and selective catalytic reduction (SCR). Furthermore, 
the paper discusses the long-term projections for diesel engines considering evolving government 
policies and the push towards carbon neutrality. While diesel technology faces challenges in 
achieving sustainability, continued innovation and regulatory support will ensure its relevance in 
future energy landscapes. 
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1. Introduction 

Diesel engines, first introduced by Rudolf Diesel in 1897, are a type of internal combustion engine 

in which fuel ignition is triggered by the high temperature of air within the cylinder, resulting from 

mechanical compression. As a result, diesel engines are known as compression-ignition (CI) engines, 

in contrast to engines such as petrol or gasoline engines, which rely on spark plug ignition to ignite 

the air-fuel mixture. The inherent efficiency and reliability of diesel engines have made them widely 

used in various sectors, including transportation industries such as trains, aircraft, and marine vessels. 

By examining the role of diesel engines in these fields, we can better understand their historical 

development and ongoing significance. 

Diesel engines differ fundamentally from gasoline engines in terms of ignition method: rather than 

using a spark plug, diesel engines achieve ignition through air compression to high pressures before 

fuel injection. This process not only results in greater power output per unit of fuel but also improves 

overall engine efficiency. As a result, diesel engines have been recognized for their superior 

performance, particularly in applications that require long-term durability and high-power output, 

such as in heavy-duty vehicles and marine vessels [1]. 

This review aims to highlight the significance of diesel engines within the global energy landscape, 

drawing on reports from several countries, including the United States, Germany, and China, which 

have seen a substantial increase in diesel engine usage over the past two decades. The focus of this 

paper will be on the application of diesel engines in marine vessels, trains, and aircraft, exploring 

their historical adoption and the technological advancements that have shaped their use in these areas. 

Additionally, the review will address the critical issue of reducing diesel engine emissions, examining 

potential solutions such as the development of alternative fuels and future innovations that could 

improve the environmental sustainability of diesel technology. 



Highlights in Science, Engineering and Technology EMIS 2024 

Volume 119 (2024)  

 

830 

2. The History and Evolution of Diesel Engines 

2.1. Early Developments 

Rudolf Diesel's invention of the diesel engine was a response to the inefficiencies of steam engines, 

which had become the dominant power source in the early 20th century. In 1893, Diesel advocated 

for his engine to replace steam engines in trains, as steam engines required constant heating even 

during idle periods between short tasks, making them inefficient. Diesel engines, by contrast, offered 

the potential for greater economic viability in train operations. However, the large size and 

unfavorable power-to-weight ratio of early diesel engines initially limited their use in land-based 

vehicles, and their potential as prime movers in railroads was not immediately recognized. 

Steam engines also had relatively low thermal efficiency, and the advent of diesel technology 

offered a more efficient alternative. Diesel engines functioned on the principle of compression 

ignition rather than spark ignition, enabling higher compression ratios and significantly improving 

fuel efficiency. This innovation provided a more effective solution for energy conversion and power 

generation in various sectors [2]. 

After years of development, the first practical semi-diesel engine was created in 1897. By 1912, a 

diesel engine developed by Rudolf Diesel's company was successfully operated on a railway line 

between Winterthur and Romanshorn. Despite its promise, the engine faced various technical 

challenges during its first year of operation. However, the onset of World War I in 1914 interrupted 

further development. Following the war, Diesel resumed his work, and many countries began to 

recognize the economic advantages of diesel technology over steam engines. In the 1920s, diesel-

powered trains started gaining popularity in Europe as their cost-efficiency and versatility became 

apparent [3]. 

2.2. Diesel-Mechanical and Diesel-Electric Trains 

There are two main types of diesel-powered trains: diesel-mechanical and diesel-electric. Diesel-

mechanical trains utilize a transmission system similar to that of a car, transferring power from the 

engine to the wheels through a manual gearbox. To ensure smooth power delivery without 

interruptions during gear changes, these trains employ a specialized epicyclic, or planetary, gearbox. 

This gearbox consists of two gears—the "sun" gear and the "planet" gear—that rotate around each 

other. The planet gears are mounted on a rotating carrier, allowing them to revolve around the sun 

gear, with their meshing gear teeth ensuring smooth operation. The epicyclic gear train allows for the 

seamless transfer of power, and the motion of the gears creates an epicycloid curve. 

However, as diesel engines became more powerful, the mechanical transmission systems had to 

be scaled up in size and weight to handle the increased power output. This made diesel-mechanical 

systems less suitable for modern high-power applications, particularly in the 21st century, leading to 

their gradual replacement by more efficient diesel-electric systems in most countries [4]. 

Diesel-electric trains, in contrast, represent a more advanced and efficient method of power 

transmission. In these systems, the diesel engine drives an electric generator, which produces 

electricity to power the electric traction motors connected to the train's wheels. This design offers 

several advantages over diesel-mechanical systems, including higher efficiency and a more compact 

size, making diesel-electric systems the preferred choice for modern trains. 

One of the key technological innovations in diesel-electric trains was the development of high-

capacity silicon rectifiers in the 1960s. These devices enabled the use of alternating current (AC) 

generators instead of the less reliable direct current (DC) generators. The shift to AC generators 

enhanced the safety and reliability of diesel-electric systems by reducing the risk of flashover, or arc 

faults, which were a common issue with DC generators and could lead to immediate generator failure 

or even fires in the engine room [5]. 
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3. Overview of Diesel Engine Applications 

3.1. The Application of Diesel Engines in Marine Vessels 

The first marine diesel engine was installed on the ship Selandia in 1912, marking a significant 

advancement in the shipping industry by offering a more powerful and cost-effective alternative to 

steam engines. This innovation soon led to the adoption of diesel engines in warships, playing a 

crucial role during World War II, particularly in submarines and naval vessels where power and 

energy efficiency were essential. Recognizing the advantages of diesel technology, the maritime 

sector saw a rapid shift towards diesel-powered ships. From the 1940s to the 1970s, marine diesel 

engines underwent significant advancements, especially in turbocharging and inter-cooling 

technologies, which enhanced their power output. By the 1980s, attention shifted towards the 

development of more environmentally friendly marine diesel engines, a trend that continues to shape 

the industry today [6]. 

Modern marine diesel engines are classified into two main types: two-stroke and four-stroke 

engines. Two-stroke engines complete a power cycle with one crankshaft rotation and are commonly 

used in large ships such as tankers, cargo vessels, and cruise liners due to their ability to generate 

substantial power. Four-stroke engines, on the other hand, require two crankshaft rotations to 

complete a power cycle and are preferred in smaller ships like ferries, fishing boats, and recreational 

yachts. A distinctive feature of both types of marine diesel engines is their ability to run at low RPMs, 

eliminating the need for a gearbox to connect the crankshaft to the engine, which simplifies their 

operation and increases reliability in maritime applications. 

3.2. The Application of Diesel Engines in Aircraft 

The aircraft diesel engine, also known as an aero diesel engine, is a diesel-powered engine 

specifically designed for use in aircraft. These engines were initially used in airships and 

experimented with aircraft during the late 1920s and 1930s. The primary advantages of diesel engines 

in aviation include their excellent specific fuel consumption, the reduced flammability and higher 

density of diesel fuel compared to gasoline. However, these benefits were historically outweighed by 

several inherent disadvantages when compared to gasoline-powered or turboprop engines, leading to 

a decline in their use. Despite this, the rising cost of aviation gasoline (avgas) and concerns about its 

future availability led to a resurgence in aircraft diesel engine production in the early 2010s. Diesel 

engines also offer environmental and health benefits, as they eliminate the need for tetraethyllead, a 

highly toxic and polluting antiknock additive used in avgas. 

The first successful diesel engine specifically developed for aircraft was the Packard DR-980 radial 

diesel, introduced in 1928–1929. This engine, following the familiar air-cooled radial format similar 

to Wright and Pratt & Whitney designs, was contemporaneous with the Beardmore Tornado, which 

was used in the R101 airship. Diesel fuel was preferred due to its lower fire risk. The first successful 

flight of a diesel-powered aircraft occurred on September 18, 1928, in a Stinson model SM-1DX 

Detroiter, with registration number X7654. By 1936, diesel engines, although heavier, were favored 

over gasoline engines for flights exceeding 6–7 hours due to their fuel efficiency. Another notable 

early diesel aircraft engine was the Charomskiy ACh-30, developed in the Soviet Union during World 

War II and used in the Petlyakov Pe-8 long-range bomber. Despite its impressive fuel efficiency, the 

ACh-30 was eventually replaced by gasoline radial engines due to concerns over its reliability and 

maintenance challenges at high altitudes [7]. 

4. Technological Advancements for Emission Reduction 

In recent years, several countries, including Japan, the United States, and members of the European 

Union, have implemented stricter regulations to limit vehicular emissions, particularly focusing on 

pollutants like nitrogen oxides (NOx), carbon monoxide (CO), particulate matter (PM), and 

hydrocarbons (HC). The European Union has been especially rigorous, enforcing new laws that 



Highlights in Science, Engineering and Technology EMIS 2024 

Volume 119 (2024)  

 

832 

require companies to redesign engine systems, particularly fuel injection, to reduce emissions. One 

common approach for reducing NOx emissions is the use of exhaust gas recirculation (EGR), which 

lowers combustion temperatures. However, EGR increases particulate matter emissions and 

contributes to the buildup of deposits in engines, leading to new challenges. 

To address these issues, technologies like diesel particulate filters (DPF) and selective catalytic 

reduction (SCR) have been developed. DPFs capture and remove PM from exhaust gases, while SCR 

systems use catalytic reactions to convert NOx into water and nitrogen, significantly reducing harmful 

emissions. These technologies are vital in helping engines comply with stringent environmental 

standards [8]. 

In addition to these emissions control technologies, modern engine design innovations have played 

a crucial role in reducing emissions and improving fuel efficiency. Traditional fuel injection systems, 

operating at lower pressures, resulted in poor air-fuel mixing, leading to higher NOx and PM 

emissions. However, modern electronic fuel injection (EFI) systems, with higher pressures and more 

efficient fuel spray patterns, have improved combustion efficiency, leading to significant reductions 

in NOx and soot. Innovations like variable injection timing and rate technologies further optimize 

fuel delivery, enhancing both engine performance and emissions control. 

Studies have shown the effectiveness of these advancements. For instance, research comparing 

carburetor systems with EFI systems in Honda vehicles demonstrated a 50% improvement in fuel 

efficiency, highlighting the benefits of modern fuel injection technologies. Together, these 

advancements in fuel injection and emissions control technologies have transformed the 

environmental performance of diesel engines, addressing the challenges of NOx and PM emissions 

while enhancing fuel efficiency [9]. 

5. Alternative Fuels and Hybrid Technologies 

As the global community moves towards more sustainable transportation solutions, alternative 

diesel fuels, such as biodiesel and synthetic diesel, have gained attention for their environmental 

benefits. Biodiesel, a renewable fuel produced by the reaction of oils or fats with alcohol, offers 

several advantages over conventional diesel. One of its key benefits is its biodegradability; biodiesel 

is more easily decomposed by bacteria, reducing its environmental impact in both terrestrial and 

aquatic ecosystems. Additionally, biodiesel significantly reduces emissions of particulate matter, 

hydrocarbons, and carbon monoxide compared to both standard and clean diesel. However, biodiesel 

has certain drawbacks. For instance, its performance can be affected by cold temperatures, where it 

may freeze or gel, and the energy output can vary depending on the type of oil used in its production. 

These factors present challenges in the widespread adoption of biodiesel in regions with extreme 

weather conditions. 

Alongside alternative fuels, hybrid diesel-electric systems have emerged as a promising solution 

to increase fuel efficiency and reduce emissions in vehicles. By integrating diesel engines with 

electric powertrains, hybrid systems address one of the primary limitations of fully electric vehicles: 

limited battery life. These systems allow for energy recovery during braking, further improving 

overall fuel efficiency. Additionally, the electric component of the hybrid system can reduce the 

workload on the diesel engine, contributing to lower emissions and fuel consumption. The 

combination of diesel and electric powertrains provides a balanced approach to improving vehicle 

performance and sustainability [10]. 

However, there are challenges to the broader adoption of both biodiesel and hybrid diesel-electric 

technologies. The variability in biodiesel quality and performance, particularly in colder climates, 

limits its use in certain markets. Similarly, hybrid diesel-electric systems require significant 

investment in new technologies and infrastructure, which can be a barrier for manufacturers and 

consumers alike. Despite these challenges, the push towards carbon neutrality presents an opportunity 

for further research and development in alternative fuels and hybrid technologies, which could lead 

to greater market adoption and a reduction in global carbon emissions 
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6. Future Perspectives and Sustainability 

6.1. Long-term Projections 

The future of diesel engines in the energy sector is expected to evolve significantly as the focus on 

environmental sustainability continues to grow. Historically, diesel engines have been valued for their 

reliability and durability, qualities that will remain relevant in the future. However, the increasing 

global emphasis on reducing emissions and mitigating environmental impact has prompted changes 

in diesel technology. To adapt, diesel engines are incorporating environmentally friendly innovations, 

such as alternative fuels and advanced exhaust purification systems like selective catalytic reduction 

(SCR) and diesel particulate filters (DPF). These technologies aim to reduce the harmful emissions 

traditionally associated with diesel engines, allowing them to remain competitive in a market that is 

increasingly dominated by clean energy solutions. 

6.2. Sustainable Innovations 

Ongoing research and development in diesel technology are heavily focused on sustainability and 

achieving carbon neutrality. Engineers and scientists are exploring alternative fuels, such as bio-diesel 

and synthetic diesel, as well as improving the efficiency of combustion processes to reduce carbon 

emissions. These sustainable innovations aim to balance the demand for reliable power with the 

urgent need to address climate change. Additionally, advancements in hybrid diesel-electric systems 

are enabling the reduction of fuel consumption and emissions, further extending the lifespan of diesel 

engines in sectors like transportation and industry. These technologies reflect a broader trend towards 

sustainable engineering that will define the future of diesel engines 

Policy Implications Government policies play a crucial role in shaping the future of diesel 

technology, particularly through regulations and incentives that encourage the adoption of cleaner 

alternatives. Many governments are prioritizing the development of electric vehicles (EVs) to replace 

conventional internal combustion engines, including diesel-powered vehicles. For example, in China, 

the government offers incentives such as free vehicle license plates for electric cars, while owners of 

conventional vehicles must pay significant fees. These policies accelerate the transition towards 

cleaner energy technologies and put pressure on diesel engine manufacturers to innovate or risk 

obsolescence. As stricter emissions regulations are introduced, diesel technology will need to 

continually evolve to meet these requirements, particularly in the face of growing support for electric 

and hybrid vehicles. 

7. Conclusion 

In summary, this paper has explored the evolution of diesel engine technology in response to 

increasing environmental concerns. Key points discussed include the shift towards cleaner diesel 

technologies such as alternative fuels and advanced exhaust treatment systems, as well as the 

integration of hybrid diesel-electric systems to enhance fuel efficiency and reduce emissions. 

Government policies and regulations have been pivotal in driving these changes, pushing the 

automotive industry towards sustainability through incentives and stringent emission standards. 

Looking ahead, future research should focus on further improving the efficiency and 

environmental performance of diesel engines. Areas such as optimizing fuel injection systems, 

advancing alternative fuel sources like biodiesel and synthetic diesel, and enhancing hybrid 

powertrains offer considerable potential for reducing emissions. Additionally, research into 

developing more cost-effective exhaust after-treatment systems will be critical for the continued 

viability of diesel engines in a carbon-neutral future. 

In conclusion, while diesel technology faces significant challenges in the context of environmental 

sustainability, it continues to offer value through its reliability and adaptability. With ongoing 

innovation and stringent regulatory frameworks, diesel engines can evolve to meet the demands of a 
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cleaner, more sustainable future, maintaining their relevance in specific sectors even as electric 

vehicles gain prominence. 
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