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ABSTRACT 
To support shipping’s journey towards decarbonization, easy-to-implement turbocharger technology can play an 
important role in reducing the CO2 footprint of existing installations. But to achieve any significant impact, wide 
market adoption is key. Combining greater efficiency with a sound business case will be vital to maintaining a 
competitive edge in a low carbon world. 
 
INTRODUCTION 
Maximizing the fuel efficiency of merchant vessels has always been a key goal of the shipping industry. Fuel 
costs are the major operating expense in marine transport [3] and have risen meanwhile to dramatic high values. 
However, there is a new aspect that has joined the game: the decarbonization mega-trend is gaining momentum 
at fast pace and further enhances the need for improving transport efficiency.  
 
Ambition loop and disruption of transport sector 
The development of the long-term decarbonization ambition of virtually all players in the maritime industry has 
been showing unprecedented expansion in the last 5 years. 
 
One of the first game changers was formulated by the IMO in 2018, targeting a reduction of CO2 per transport 
work of 40% by 2030 when compared to levels in 2008, and an absolute reduction of 50% by 2050 irrespective 
of the (increased) globally transported volume [4].  
 

 
Figure 1: IMO decarbonization goals [13] 
 
Back in 2018 those targets were perceived by many with skepticism: being too strict, costly and not realistic. 
Many players in the maritime industry were questioning why shipping should decarbonize at all. 
 
Looking at the market nowadays, only 4 years later, we now observe a completely different picture. An ongoing, 
continuous ambition loop towards considerably stricter targets supported by key players across the industry. 
Meanwhile, decarbonization is not only accepted, but also expected.  
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An increasing number of customers in marine transport (e.g. Nike [18] and IKEA [17]) are openly declaring 
commitment to improving their environmental impact and decarbonizing their supply chain. Financial institutions 
like banks and insurance companies are defining stricter efficiency targets that impact the cost and availability 
of capital, e.g. Poseidon Principles for banks and insurance companies [1]. Local and regional regulation as well 
as taxonomy are being defined and we can expect them to enter into force in the next decade, e.g., 
FuelEUmaritime [5]. Global efficiency standards will be tightened and enhanced in the coming years [6], e.g., 
IMO’s EEXI [9] and CII[10]. These regulatory developments will further accelerate the decarbonization of the 
maritime industry. 
 

Overall, the commercial, political, and social 
pressure on the maritime industry to reduce 
the environmental impact is high and we 
expect it to grow exponentially. The disruptive 
innovation of the energy and transport sector 
has started.  
 

Figure 2: Carbon intensity target and trajectories for the global fleet [gCO2/tnm]  [8] 
 
DECARBONIZATION APPROACHES FOR THE MARITIME INDUSTRY 
In spite of showing the lowest specific CO2 emission per weight of transported goods and distance [8] and of 
having achieved solid specific emission reductions in the last decades, the maritime industry doesn’t have the 
image of being clean. The global perception is rather negative, often seeing maritime transportation as dirty and 
from time to time even non-compliant. 
 
The expectation on our industry is high, and we - as the maritime industry - are expected to make the difference 
in the future. Key to success are two main aspects that must be considered and can’t be ignored when it comes 
to decarbonization: an holistic approach and wide adoption. 
 
1) Holistic approach 
Decarbonization needs to be implemented throughout the whole value chain, considering the overall CO2 
emissions and environmental impact. Drawing the system boundary on the vessel and focusing only on 
downstream emissions stemming from its chimney (tank-to-wake) is not sufficient [11]. The origin of the fuel and 
the grey energy involved (well-to-wake) need to be considered to avoid distortion and in the worst case, global 
increase of CO2 emission despite of clean shipping on paper. Such life-cycle considerations, although being 
highly complex, are paramount to a sound decarbonization journey. 
 
2) Wide adoption 
Unlike the local character of NOx emissions, CO2 and its effect on climate plays a global role. The decarbonization 
targets are ambitious and consequently, to achieve a perceptible global impact, solutions for decarbonization 
and efficiency improvements must be widely adopted. Flagship projects are required for showcasing new 
technology, but their direct global impact is marginal. It is pivotal to success that technology demonstrations 
become widely adopted standards within a reasonable timeframe. This may be achieved by considering global 
availability as well as affordability from the very early conception phase of the proposed technology. 
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Long term solutions (net zero transportation) 
As a matter of fact, net zero maritime transportation is already possible nowadays. 
Fully electrified short range ferries and even medium range ferries may be possible, provided the electricity has 
a net zero carbon footprint. For short range ferries first installations have been already in operation for a few 
years [19].  
 
For long range transportation the fully electrical approach by means of batteries is technically not applicable. A 
containership sailing from Asia to Europe with a 1-month travel time, would need as many as 100’000 tons of 
batteries on board, 60% of the freight capacity [20]. This approach is financially and environmentally not 
sustainable.  
 
A Net zero carbon footprint can be actually achieved by the use of sustainable fuel like Biofuels or fuels generated 
from renewable energy sources (e.g. solar, wind, hydro, …). From a vessel and engine technological perspective 
a full transition to net zero emission vessels is actually possible in less than 10 years. The major engine OEM 
announced availability of Ammonia engines from 2025, pilot initiatives with sustainable fuel are multiplying (e.g. 
Maersk [14], AIDA [15]). Yet the global transition will take several decades to be implemented. The reasons 
behind this huge difference can be named directly: fuel. 
 
The biggest challenge to overcome is the global availability and distribution of net zero carbon fuels. This is going 
to be a long process that take decades to implement and is not directly in the hands of the shipping industry 
itself. There will be fierce competition for sustainable energy between industries at local and global level, onshore 
and offshore (electricity, heating, private transportation, aviation, construction, …). 
 
The only technical alternative to chemical energy carriers for long haul maritime transportation would be nuclear 
energy. However, this technology nowadays faces low acceptance. 
 
Transition phase - short and medium term  
Presently, we are at the beginning of the carbon transition journey. Whereas the target and ambition are known, 
the exact means of implementation are widely unknown, and there will be many paths towards the common 
target. 
 
Existing fleet 
For a large portion of the existing fleet investment / divestment decisions are required. Investment strives to 
improve the carbon footprint of the vessel to keep its competitiveness in the market and avoid divestment.  
It is certain that during the decades of carbon transition a vast diversity of technologies will emerge which cater 
to incremental CO2 footprint improvements. There won’t be a one fits all solution and most likely a single solution 
will not do the job. A sound combination of multiple incremental improvements are the key to making the existing 
fleet fit for the decarbonization journey.  
 
The IC engine is at the heart of emissions related to the maritime industry. During the conversion from chemical 
to mechanical energy, CO2 is released during the oxidation of hydrocarbon fuels. This holds also true for fuel 
cells. Future fuels, such as methanol, ammonium or hydrogen, once available, will enable a global net-zero CO2 
balance. Yet it is paramount to operate the engine as efficiently as possible: (1) in the case of traditional fuels to 
reduce the amount of released CO2 and (2) in the case of future fuels to account for the limited availability 
translating into higher energy costs. 
 
The following section will shed light on one of the low-hanging fruit technologies already available today to 
decrease the CO2 emission of IC engines: turbocharger upgrades. 
 



 4 Copyright © 2022 by ASME 
 

The turbocharging system is a key component of the marine engine. Through its direct interaction with the 
engine, an upgraded turbocharger with higher efficiency has a leverage on emissions: (1) directly lowering 
specific fuel consumption and hence CO2 emissions by improved overall system efficiency and (2) enabling new 
engine tuning and concepts for even higher reduction potential. 
 
So how do we integrate the latest available turbocharging technology within existing installations while 
maintaining a wide global adoption through a positive business case? 
 
MARINE EQUIPMENT & TURBOCHARGER UPGRADE STRATEGIES 
Maritime assets have a lifetime spanning over several decades, from 15 to 30 and more years depending on the 
vessel type. During this long time span the marine equipment is required to be serviced to ensure acceptable 
reliability, operational safety, and energy efficiency.  
There are two main service approaches described below when it comes to servicing marine equipment. In this 
paper a third one combining the benefits from both approaches is presented. 
 
1) The standard approach: classical service 
When components need to be repaired or replaced, the conventional service approach is to install new 
equipment (like-for-like) having the same design & technology that was available when the vessel was delivered 
(old technology).  
 
This approach has certainly the advantage of being straight forward to implement, no adaptation to interfaces 
and automation is required and the service event can often be implemented during already scheduled port stay 
(in the best case, no impact on vessel schedule). 
 
The downside of this approach is that owner and operator do not profit from the technological developments 
achieved by our industry over the last decades. The maintenance budget is spent buying old technology, striving 
to achieve the original performance of the vessel during its maiden voyage.  
 
This traditional service concept is no longer sufficient.  
 
In view of the increasingly stringent decarbonization targets, regulatory developments, as well as high fuel prices, 
our industry needs to rethink the approach when it comes to marine service. Every investment in servicing or 
replacing marine equipment is also an opportunity to apply an upgrade instead and increase the competitiveness 
of the vessel. 
 
2) The upgrade approach: exchange to newer equipment design 
An alternative approach to the classical service is to apply an upgrade instead. Older equipment is removed from 
the vessel and replaced by newer components with a more recent design. The approach has the advantage of 
letting owners and operators profit from the latest technology developments in efficiency, ease of service and 
spare part availability. 
 
Unfortunately, changing equipment to a newer version requires in many cases adaptations of the interfaces as 
well as to the automation of the vessel. This increases the technical complexity, project management effort and 
downtime required to complete the installation. 
 
In many cases the increased complexity, direct and opportunity costs of the upgrade have a negative impact on 
the business case, resulting in reduced adoption of the upgrade technology in the market. 
To achieve wide adoption of upgrades globally, the financial sustainability needs to be further improved. 
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3) The new way: component upgrade (combine simplicity with benefits) 
It becomes obvious that to open the door for a wide adoption of upgrades in the market it is required to combine 
the benefits of the previously described approaches: 
 

1) The simplicity of the standard service. No adaptation of interfaces, implementation during an already 
scheduled port stay, technical complexity the same as for a standard service. 

2) Implement the latest technology in terms of design and material achieving higher efficiency, same or 
higher reliability, same or higher spare part availability, reduced maintenance costs.  
 

But how can this be achieved? How can we apply upgrades while keeping the complexity at a similar level to a 
standard service event? 
 

 
Figure 3: Integration of latest technology into older turbocharger generation  
 
The turbocharger component upgrade is the solution to this dilemma, and is based on a simple concept: 
 

• The latest know-how in design and materials for the newest turbocharger generation is modified to fit 
into older turbocharger equipment from a previous generation. 

• Only the turbocharger internal performance relevant components are replaced by new upgrades, while 
the turbocharger casings and all interfaces to the engine remain untouched. 
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Figure 4: Turbocharger component upgrade, upgrade only the core turbo performance components  
 
The component upgrade approach requires a dedicated development, qualification and verification effort by 
equipment OEM’s. Once available it provides a great alternative to the standard service for owner and operators. 
A great instrument to simultaneously improve the CO2 footprint and competitiveness of their vessels, without 
interfering with the already scheduled maintenance scheme. 
 
PRACTICAL EXAMPLES 
In line with the market requirements and targeting a wider industry adoption, Accelleron has developed several 
products that can support owners and operators to reduce CO2 emissions, fuel expenses and support the 
compliance with new regulations for the existing fleet.  
 
4-stroke engines with TPL-A and TPL-C turbocharger 
A wide portfolio of component upgrades covering the entire TPL-A and TPL-C turbocharger range has been 
developed.  
 
The product requirements have been strictly based on four main pillars: 

1) The turbocharger upgrade shall enable a positive business case for the end customer to ensure wide 
adoptions globally;  

2) The turbocharger efficiency shall be substantially increased to reduce the engine fuel consumption and 
engine thermal load; 

3) The time required for implementation and technical complexity shall be similar to a standard turbo 
service event;  

4) The recommended exchange interval of the turbocharger rotating component shall be extended by 
50%. 

 
The environmental benefits can be separated into two categories: 1) direct CO2 reduction by reduced engine 
fuel consumption; 2) indirect CO2 reduction by reducing the number of spare parts required (grey energy for 
production and transport) enabled by an increased recommended exchange interval of the rotor and reduced 
thermal wear & tear of the engine hot components exposed to the exhaust gases. 
 
One more thing, how to multiply the benefits? 
The component upgrades have been developed in close cooperation with engine OEM’s and for many engine 
platforms the increased turbo efficiency is unlocking new upgrades on the engine side. The combination of 
engine with turbo upgrade are generating great synergies that enable fuel consumption reductions to be 
multiplied up to a factor of four (4x more benefits). 
 
2-stroke engines with TPL-B and A100/200-L turbos 
Many 2-stroke engines feature a fuel optimization in the power range above 75%-85% load but are operated for 
most of the time at lower engine power. Furthermore, in many cases EPL (Engine Power Limitation) must be 
applied to fulfill the EXXI limits, further reducing the service power. For those vessels there is a mismatch 
between the relevant engine operating range, and the actual optimal operating range of the engine. This 
mismatch leads to inefficiencies in terms of increased CO2 emission, increased fuel expenses and increased 
maintenance efforts due to higher thermal load and carbon deposits. 
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Engine Part Load Optimization (EPLO) is a 
solution based on a turbocharger component 
upgrade to reduce the fuel consumption and 
improve the engine operation at part load 
(engine power <70%) for 2-stroke engines. 
 
The basic concept is as simple as it is 
effective. The turbocharger specification is 
optimized for a specific engine power range 
provided by the customer (below 75% 
power).  
 
To maximize the benefits, the engine tuning, 
and optionally also key engine components, 

are optimized to leverage synergies in the engine-turbo interaction. 
 
This opens the question of engine operation at higher loads after the EPLO implementation. Two different options 
are possible: 
 

1) Keep 100% MCR capability by installing an exhaust gas wastegate. The resulting fuel consumption at 
high load will be slightly higher compared to the reference case, but is irrelevant for the overall yearly 
vessel performance. 

2) Apply permanent engine derating, where the maximal engine power is permanently reduced. No 
wastegate is required. 

 
Both of the set-ups above combine well with EPL (Engine Power Limitation) to fulfill the EEXI requirement. 
 
4-stroke engines with older generation turbochargers  

For older generation turbochargers (like the VTR generation) the 
best upgrade option is to switch to a newer turbo version, by 
replacing the complete turbocharger, see Figure 6.  
 
As described above it needs to be considered that due to the 
change of the turbo footprint the interfaces between turbo and 
engine need to be adapted. The benefits in terms of efficiency gain 
and reduction in turbo maintenance costs overcome the 
drawbacks from increased complexity of the project.  
 
 
 
 

 
CONCULSION 
The maritime industry is going through a disruptive decarbonization journey. Even though the transition to net 
zero emission vessels on a global scale could be completed in less than 10 years, this process is in reality going 
to require several decades to complete. Whereas electrification may play a role for short range vessels, chemical 
fuel carriers will continue to play a key role in long range transportation. The major challenge we are facing is 
the global availability and local distribution capability of carbon neutral fuel. 
 

Figure 6: Upgrade by replacing the turbocharger 
with a new generation version 

Figure 5. EPLO fuel reduction characteristics 
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In the transition phase it is pivotal to combine measures to progressively improve the energy efficiency of 
shipping and relentlessly reduce the carbon footprint. To make a significant difference in a global context 
efficiency measures need broad adoption. This is only possible if the technology is reliable, and the 
implementation is financially sustainable (positive business cases are enabled).  
 
Internal combustion engines are at the core of emission generation for the shipping industry. Measures to reduce 
their environmental impact can’t be removed from the global sustainability equation and must be carefully 
evaluated. 
 
The turbocharger component upgrade is a simple measure that can be integrated into the regular maintenance 
scheme of the turbocharger. It reduces the direct CO2 emission onboard the vessel through lower fuel 
consumption, and also the indirect CO2 emission (grey energy for production) by increasing the lifetime of key 
components (50% extended replacement intervals of rotor, reduced wear & tear of hot parts).  
 
The key to enabling wider adoption globally relies on two main pillars: 

• Integration of the upgrades into the regular turbocharger maintenance plan, without additional engine 
downtime. This minimizes direct and opportunity costs of the upgrades. 

• Replace only the core performance components of the turbocharger whenever possible while keeping all 
interfaces untouched. This reduces the complexity of the upgrade to the level of a standard service. 

 
Outlook 
A further step towards CO2 reduction would be to leverage data to further optimize the turbo performance and 
maintenance pattern. This increases the productivity of the equipment, while reducing emissions directly by 
lowering engine fuel consumption and indirectly by optimizing the usage of spare parts reducing the grey energy 
required for its production, transport and installation.  
 
Data may play a key role in optimizing and giving enhanced flexibility to conventional maintenance schemes by 
considering individual equipment status and existing customer maintenance schedules. 
The recently launched Turbo SmartCare product by Accelleron is a good example of data enabled service 
targeting highest performance, reliability, and optimization of turbocharger maintenance based on data and 
condition assessment. 
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