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Introduction 

The emission of gaseous pollutants from vessels can be attributed to the 
fuel burnt in their large internal combustion engines. Previously, the 
favoured energy source used by the global shipping fleet was heavy fuel oil 
(HFO) due to its low cost compared to other fractions of crude oil. 
However, the incomplete combustion of this tar-like residual waste from 
the oil refining process, induced by the presence of long-chain petroleum 
molecules in the fuel, results in the creation of high levels of gaseous 
pollutants including carbon dioxide (CO2), sulphur oxides (SOx), nitrogen 
oxides (NOx), particulate matter (PM) and black carbon. 

Currently, emissions from international and regional shipping activities 
account for nearly three percent of total human-caused greenhouse gas 
(GHG) emissions, and the SOx, NOx and PM emitted from vessels in 
coastal regions and near port cities pose a huge risk to human health. As 
such, vessel emissions remain firmly under the regulatory spotlight. 

2021 marked a decade since the International Maritime Organization (IMO) 
adopted the first set of international mandatory measures to improve 
vessel energy efficiency on 15 July 2011, as part of the International 
Convention for the Prevention of Pollution from Ships (MARPOL). Since its 
initial adoption, MARPOL Annex VI has been reviewed and amended on a 
regular basis to include measures to reduce air pollutants from vessels. It 
also prohibits the deliberate emission of ozone-depleting substances.  

Internal combustion engines and bunker fuel are in the prime position for 
change in a zero emission future. Therefore, tightening environmental 
impact-reducing regulations around fuel sulphur content and enhanced 
vessel efficiency requirements over the past decade have triggered a vast 
amount of technological innovation among original equipment 
manufacturers (OEMs). They have worked hard to identify and develop the 
best possible technologies for fulfilling the achievement and maintenance 
of compliance with regulations, while ensuring solutions are not overly 
complex and costly.  

Medium-speed diesel, gas, and dual-fuel engines remain to be considered 
as the de facto standard for marine power generation. They have 
dominated power generation for more than 100-years and will continue to 
do so into the future. In addition to changes in energy sources used, marine 
engine designs are being optimised and component technologies, such as 
turbochargers, fuel delivery systems and electronic controls are playing a 
vital role in reducing “noxious” pollutants in exhaust gas emissions.  

This whitepaper explores the possibilities and how recent innovation in 
the development of fully integrated exhaust management solutions can 
achieve stringent emission control targets. 

 



From turbo-to-tailpipe: minimising emissions from internal combustion engines in a 
net zero emissions future Whitepaper 

3 

 

 

 
 
 
 
 

 
 
 
 
 
 
 

 

Existing  

 ECA 

International regulatory landscape  

Current emission-limiting legislation is acting as the primary driver towards the 
attainment of a net zero carbon future and this catalyst for change will only 
intensify in the future. As part of the maritime industry’s commitment to 
lessening its environmental and public health impact, marine diesel engines are 
subject to progressive NOx emission reduction limits.   

The NOx control requirements of MARPOL Annex VI apply to installed marine 
diesel engines of over 130 kW output power, other than those used solely for 
emergency purposes irrespective of the tonnage of the vessel onto which such 
engines are installed. Under the requirements, the emission value for a diesel 
engine is to be determined in accordance with the NOx Technical Code 2008 in 
the case of Tier II and Tier III limits. 

Tier I controls entered into force for any vessels constructed on or after 1 
January 2000. Tier II controls entered into force for any vessels constructed on 
or after 1 January 2011. The most recent Tier III controls entered into force for 
vessels constructed on or after 1 January 2016. However, these stricter 
controls only apply to those specified vessels while operating in Emission 
Control Areas (ECAs). Outside ECAs Tier II controls apply. In accordance with 
MARPOL Annex VI Regulation 13.5.2, certain small vessels operating in ECAs 
would not be required to install Tier III engines.   

Vessels sailing under Tier III emission controls emit 80% less NOx than under 
those vessels built in the 1990’s sailing under Tier I emission controls.  
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Regional regulatory landscape 

There are multiple agencies regulating maritime emissions and since shipping is an 
international industry, a great number of vessels must comply with several different 
regulations that impose strict limits on polluting emissions while vessels are in 
active operation. For example, for reducing NOx emissions, some vessels need to 
meet both EPA Tier 4 and IMO Tier III standards depending upon where they are 
operating. In many regional environmental regulations, there are also stricter limits 
for other pollutants not covered by international rules. In addition to international 
legislation governing the limitation of NOx emissions from marine internal 
combustion engines, regional regulations are also enforced in certain areas. 

 
The U.S. Environmental Protection Agency (EPA), European Union (EU) and Ministry of 
Ecology and Environment of China are a handful of regional regulators that enforce 
strict rules around vessel NOx emissions. 

 
EPA’s Tier 4 exhaust emission regulations have recently replaced the previous Tier 
4 transitional, Tier 3 and Tier 2 regulations for engines that produce 600 kW and 
higher power output. The Tier 4 emission regulations are applicable for a variety of 
vessels ranging from ferries and tugboats to large ocean-going vessels. 

 
EPA Tier 4 introduced a 63% reduction in particulate matter (PM) emissions and a 
64% reduction in NOx and hydrocarbon (HC) emissions over Tier 3 regulations for 
many of the engines above 600 kW power output. 

 
The European Union’s (EU) Stage V emission limits for engines used in inland 
waterway vessels were adopted by the European Parliament and the Council in 
July 2016 and published in the Official Journal of the European Union as 
Regulation (EU) 2016/1628Regulation (EU) 2016/1628 in September 2016. The 
Stage V limits tightened restrictions on internal combustion engines installed in 
Non-road Mobile Machinery (NRMM) such as inland waterway vessels. For main 
and auxiliary engines with a reference power of less than 300 kW, the EU Stage V 
emission standards entered into force on 1 January 2019. The implementation 
date for main and auxiliary engines with a reference power above 300 kW, was 1 
January 2020. 

 
The EU legislation, like that of the EPA, concentrates on reducing the emission of 
carbon monoxide (CO), hydrocarbons (HC), NOx, and PM. Stage V introduced an 
approximate 75% reduction in emission of NOx and HC compared to Stage IIIa. 

 
In China, Stage 1 emission requirements that impact selected marine applications 
entered into effect in 2018. Stage 2 emission requirements came into effect 
starting 2021. Stage 2 emission requirements are applicable for China flagged 
vessels that are operating within inland waterways and coastal areas. 

 
Similar to the EPA’s Tier regulations, emission regulations in China also consider 
engines in categories: Category 1 and Category 2. Marine engines compliant to Stage 
2 emission regulations will emit less HC and NOx compared to their Stage I 
counterparts. This means limiting HC and NOx emissions of 5.8 g/kWh. 
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From “Turbo to Tailpipe” 

Existing and incoming international and regional regulations continue to bring new 
challenges to vessel operators. Although the world is transitioning away from fossil 
fuels towards renewable energy sources, internal combustion engines are here to 
stay. 

 

But in a world where alternative and fossil fuels co-exist, can traditional 
combustion engines continue to take centre stage alongside alternative power 
solutions as part of a net zero emissions future? 
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A new approach  

In order to make a major contribution to sustaining the diesel internal 
combustion engine’s (ICE) in heavy duty marine and stationary power 
generation applications, KBB and Eminox have developed new EMx® exhaust 
aftertreatment system (EATS) technology for these markets. 

The “turbo to tailpipe” exhaust management solution makes use of KBB’s 
turbocharging technology and Eminox’s proven EMx® EATS technology. By 
harmonising the turbo and tailpipe components, the solution uses a robust 
project management process covering all aspects from design and 
development of components to commissioning and certification. This enables 
medium speed diesel engines to meet IMO Tier III, EU Stage V and EPA Tier 4 
regulations,  

Additionally, in the case of diesel marine engines burning distillate fuels, the 
EATS system already enables engine emissions compliance with both IMO 
Tier III limits for NOx and the IMO 2020 cap on sulphur content in fuels, as well 
as the EU’s Stage V emissions legislation for Non-Road Mobile Machinery 
(NRMM).  

Turbochargers managed by control elements are better able to influence 
exhaust temperature and pressure downstream of the turbocharger turbine, for 
example by opening a bypass or wastegate to introduce heat into the exhaust 
aftertreatment system (EATS). 
 
This “exhaust gas conditioning” function is useful to provide perfect conditions 
for diesel particulate filter (DPF) regeneration, which results in shorter DPF 
regeneration periods. It could also be used to ensure NOx-conversion at low 
engine loads. This approach enables the achievement of strict emissions targets 
over a wide range of engine operating conditions. 
  
Advanced urea mixing techniques eliminate the need for long mixer pipes whilst 
high performance SCR helps to minimise the overall catalyst volume. This 
optimised SCR system achieves high NOx-conversion rates at low urea 
consumption.     
 
These consumable fluids used in the operation of the SCR-System (urea in water 
solution) or necessary for the regeneration of the DPF (engine fuel), represent an 
important source of end user operating costs. Via harmonisation between 
turbocharging and exhaust aftertreatment system the consumption of urea and 
engine fuel can be minimised, which results in reduced costs of ownership. 
 
Additionally, the unique design of the DPF unit optimises the exhaust flow over 
substrates under all operating conditions minimising the regeneration 
frequency and reducing the total regeneration time. 

The end-to-end solution removes the need for engine manufacturers to 
assemble components from multiple suppliers or undertake their own testing 
and type/class approval certification. It is optimised for specific engines and 
increases performance efficiency and the effectiveness of emissions 
reduction. The system is upgradeable as and when legislation changes. 
Service and spare parts are available through KBB’s global service network. 
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A modular concept  

A major focus area during the development of the EMx® system was compacting 
the aftertreatment equipment as far as possible without compromising the 
lifespan. Adaptation to application is a central consideration in the design of all 
Eminox’s aftertreatment systems, in terms of system layout, ease-of-installation 
and accessibility for maintenance and service. Since it was developed for 
medium speed engines, it is robust and easy to maintain.  

The aim for this system is to combine emissions reduction with the optimum use 
of available space in the vessel, offering good accessibility for routine 
maintenance and operations like exchange of life-expired cores or ash removal 
from DPFs.  

To ensure the ultimate adaptability and to cover a maximum of engine types and 
engine applications, the system is modular and is integrated to suit the engine, 
fuel type, and operating profile and conditions. 

The EMx® system is based on combinations of catalysts and filter cores of 
standard sizes, and control and dosing technologies which can be applied across 
the entire range of system sizes. The auxiliary components are also developed to 
use a standard range of components, regardless of the overall system size. The 
component inventory is reduced by using standard components across the EMx® 
range.  

This modularity lends itself to flexible system layouts which can be readily 
adapted to both new original equipment applications and for retrofitting onto 
installed engines on existing marine vessels and stationary power generation 
plants. The system offers engine builders, shipyards, and engine operators a 
solution that can be tailored to engine operating profiles, emissions reduction 
needs and available installation space in the engine application. 
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How it works 

In the same way that turbocharging parameters can be tuned to optimise exhaust 
silencing, there is an obvious connection between the exhaust turbocharger and 
exhaust aftertreatment devices. Hence, there is also scope to tune the two 
systems to leverage physical interactions between them and optimise emissions 
reduction by control of turbocharger performance.  

After driving the turbine in the KBB turbocharger with wastegate or bypass 
control of air delivery, the exhaust gas exits the turbocharger housing and flows 
into the DPF module. The DPF features a unique design which optimises the 
exhaust flow over the filter core substrates under all operating conditions, thus 
minimising the regeneration frequency and reducing the total regeneration time.  

The DPF module traps over 95% of PM, allowing the remaining exhaust to flow on 
without significant restriction. As the amount of trapped particulate matter 
slowly increases during normal engine operation it must be periodically removed 
in-situ, regenerating the DPF core and restoring maximum system efficiency. 
Regeneration is automatic, triggered by an integrated control system that 
constantly monitors particulate matter loading in the DPF. As regeneration 
occurs, the exhaust gas is routed through several catalysts which raise the 
exhaust gas temperature to effectively clean the DPFs.  

The DPF design and the regeneration strategy maximise the service life of the 
DPF element; coupled with the Eminox’s advanced SCR technology, which 
exhibits high thermal and chemical stability, ensuring the long service intervals. 

No longer containing PM, the exhaust gas then exits the DPF and flows to the 
second module containing the SCR unit. The SCR reactor contains the mixing 
module, for medium speed marine engines, a solution of 40% urea in water is 
injected into the exhaust gas stream just before it enters the SCR section. As the 
solution meets the hot exhaust gas the water content evaporates 
instantaneously leaving behind ammonia gas as the NOx reducing agent. 
Promoting compactness, advanced mixing techniques eliminate the need for 
long mixer pipes and the high performance of the SCR helps to minimise the 
overall catalyst volume. 

In the next step, the exhaust and the ammonia combine in the specially designed 
mixing module in front of the SCR and flow into the catalyst section where they 
react in the presence of the catalyst coatings. The reaction converts the 
ammonia and the harmful oxides of nitrogen into environmentally benign 
nitrogen (N2) and water vapour. Careful calibration and control of solution 
injection ensures that no excess ammonia remains in the exhaust stream, i.e. no 
‘ammonia slip’ is released into the atmosphere. 

The treated exhaust gas can then exit the reactor and flow into the final stage of 
the exhaust system pipework and into the atmosphere, cleaned and in 
compliance with prescribed emission limits. 

Crucial characteristics such as back pressure and fluid flow, which can affect 
both the engine and aftertreatment system are taken into account throughout the 
design and development processes to ensure that the EMx® exhaust 
management system gives high exhaust cleaning performance under all 
operating conditions. 

Already, for gaseous fuels, available modules include an oxidation catalyst which 
can be used to combat methane slip and to burn residual hydrocarbons to 
increase the temperature ahead of the particulate filter to assist regeneration. In 
other module combinations, the particulate filter regeneration is triggered by 
dosing diesel fuel over a catalyst to increase the temperature of the exhaust 
gases.  
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Applications 

The EMx® system is designed to allow cost-effective adaptation on engines with 
outputs from 1 to 10 MW output in a wide range of marine and industrial 
applications. Currently, targeted applications include coastal, offshore, and utility 
vessels (tugs, dredgers etc), stationery and back-up power generators as well as 
inland waterway barges. 

 
The system is suitable for use with a full range of current liquid and gaseous fossil 
fuels and the low and zero carbon synthetic fuels and biofuels that will be introduced 
as global decarbonisation progresses. 

 
 

Future development 

In the future, EMx® system versions and variants are planned for use with large 
engines in power and cogeneration plants and as locomotives and large mobile 
equipment. KBB and Eminox envisage expanding the EMx® system to enable NOx 
and particulate reduction with both synthetic liquid fuels and biofuels. 

 
In anticipation of the planned transition to gaseous to attain lower GHG emissions, 
new engine types burning renewable fuels will require exhaust aftertreatment. Here, KBB 
and Eminox envisage expanding the EMx® system to enable NOx and PM reduction 
with synthetic liquid fuels and biofuels. 

 
Among the fuels proposed or already under trial are SNG, ammonia, methanol and 
liquefied petroleum gas (LPG). In these cases, major emphasis will be on NOx 
reduction, including nitrous oxide in the case of engines burning ammonia. 
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Summary 

In a world where vessel owners, environmental legislators and maritime authorities 
are committed to reducing harmful pollutants that damage marine life, waterways, 
human health and wildlife, companies like KBB and Eminox are investing millions of 
Euros in developing new technologies for the turbo to tailpipe solution. Internal 
combustion engines will continue to play an important role in providing propulsion 
and power generation on board vessels, it is highly likely the marine industry will 
experience a transition from hydrocarbon fuel to hydrogen and ammonia – while 
turbochargers and exhaust aftertreatment systems continue to be part of the overall 
engine architecture. 

 
To meet emissions standards, OEMs need to take a wider, whole-system approach. 
Advanced EATS and intelligent control software can effectively reduce harmful 
emissions in a cost-effective way, regardless of the fuel type in use. Together KBB 
and Eminox technologies can control exhaust emissions to ensure cost effective 
compliance with the latest regulations for the life of the engine whether for new build 
or refitting applications; helping to create a green planet 

 
 

Contact us to find out how we can help you meet your emissions challenges. 
 
Contact: 
Kompressorenbau Bannewitz GmbH 
Windbergstr. 45 
01728 Bannewitz 
Telephone: +49 351 4085 664 
E-mail: sales@kbb-turbo.com 

mailto:sales@kbb-turbo.com

