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The digital future of marine engineering

“Prediction is very difficult, especially if it’s about the 
future,” said the late Niels Bohr. The eminent scientist is 
just one of the historical figures to whom this quote has 
been attributed. And indeed, could Bohr, the 37-year-old 
Nobel Prize winner for physics, have predicted that barely 
20 years later he and his close friend Werner Heisenberg 
would find themselves in opposite camps of a nuclear arms 
race that still largely defines the world order as it is today? 
Could he have imagined that his scientific findings would 
become the foundation to what is probably the most 
controversial energy source in human history? Or everyday 
applications, such as the microwave oven or the DVD 
player? 

State-of-the-art is temporary by definition, just like Bohr’s 
atom model turned out to be. And it’s hard to predict 
exactly which applications, enabled by technologies that 
are available today, will shape the future. In the marine 
industry, there is no other option than to look far ahead. 
The design and construction phases of ships already take 
several years, and are usually followed by a service life of 
multiple decades. Add to that the fact that vessels will have 
to satisfy global transportation needs in a world that is 
rapidly changing in terms of environment, demographics, 

economy, and natural resources. It becomes clear that 
during design, the goal is to try and convert today’s 
technologies into applications that will be required in 2030 
and later. Digital technologies are powerful tools that are 
used across transportation industries, and it will be exciting 
to see if and how these technologies lead to applications 
that will provide an answer to future challenges.

The pressure on energy efficiency 
We all play a role when it comes to protecting the future of 
our planet. Today, the marine industry is responsible for 
about 2.5 percent of global carbon dioxide (CO2

) emissions 
according to the International Maritime Organization (IMO). 
That is more than the entire contribution of Germany, or 
France and the United Kingdom (UK) combined. Any 
predicted growth in the marine sector in the coming 
decades is in direct conflict with the Paris Agreement on 
climate change, which specifies that halving worldwide 
emissions by 2050 will be required to keep the global 
temperature increase below 2° Celcius (C) compared to 
preindustrial times. The IMO has responded to this 
challenge, implementing stricter regulations on ship 
emissions via the Energy Efficiency Design Index (EEDI). By 
2025, new ship designs must be 30 percent more efficient 
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than a ship built in 2014. On top of that, the new European 
Union (EU) Monitoring, Reporting, Verification (MRV) 
regulations require ship owners and operators to monitor 
and report their CO

2
 emissions, with even stricter limits 

than the IMO regulations. Also, companies are trying to 
beat the required targets with their own initiatives. All this 
leads to challenging engineering targets for naval 
architects. 

Meanwhile, the marine sector can expect busy times ahead. 
Major players within the marine industry spend great effort 
making forecasts based on global trends in order to plan 
engineering efforts and to set business expectations. These 
forecasts include scenarios for disruptive events that might 
impact marine transportation requirements, such as natural 
disasters, or military conflicts. These forecasts all confirm 
the world economy will most likely continue to expand as 
developing regions further emerge. This should 
dramatically increase the transportation demand for 
resources and goods, and open up more opportunities for 
commercial shipping. At the same time, this evolution 
could affect geopolitics as well, and lead to more military 
action at sea during future conflicts. That would, of course, 
be a threat to stability and peace, but could also bring 
additional business for naval suppliers.

With the increased awareness of environmental 
responsibility, and predicted growth in marine transport 
traffic, fuel economy will become a top priority and 
function-critical design aspect for marine engineering 
during the coming decades. According to the IMO, 
significant fuel savings could already be made by fully 
exploiting existing technologies, and copying other 
transportation sectors. Yet further innovations will be 
required to meet global expectations. These could come 
from new powering methods for propulsion systems, 
improved vessel performance through weight reduction, 
fluid-structure interaction (FSI) optimization, enhanced 
speed management systems or from considering the 
complete transportation fleet instead of looking at 
individual vessels. Whichever solutions appear, it’s clear 
that digital technologies will play a crucial role, either 
during design, as part of the solution, or to make data-
driven decisions on the integrated vessel or fleet.  

A changing vision on doing business 
Fuel consumption is obviously not only an environmental 
consideration; it is a substantial part of a vessel’s 
operational cost as well. Providing an energy efficient 
solution can serve a higher economic goal, which is an 
important factor in the financially competitive marine 
sector. Vessel orders are usually large investments and quite 
a big risk for fleet owners, especially those who are into the 
cyclical shipping business. Any economic recession can 
strike very hard. For this reason, shipbuilders can gain a 
competitive edge by rethinking their customer relationship. 
Rather than selling vessels as direct deliveries, they can 
offer partnership models and take a broader responsibility 
regarding the entire vessel lifecycle. For fuel consumption, 
that means, aside from delivering an energy efficient 
solution from the start, the shipbuilder could provide 
continuous improvement through updates and services.

And one could make similar commitments for maintenance 
and operations. Just imagine how much fleet owners could 
save if maintenance could be scheduled based on a 
measured condition, rather than on a clock, calendar or 
runtime meters. This condition-based maintenance (CBM) 
could be automated by continuously collecting data from 
sensors inside the vessel and sending it for analysis at an 
onshore center. The same data could be used to validate 
the simulation models used to create the original design, 
both increasing confidence in the simulated prediction and 
providing more accurate operating conditions for design 
alterations on existing vessels. A process like this would 
maximize the vessel’s useful life and reduce cost by 
avoiding downtime. Or it could even go a few steps further. 
Imagine if you could offer your customers a fully 
autonomous vessel that can monitor and report its health, 
as well as gather information from the environment, and 
use it to make autonomous decisions, such as navigating 
safely and avoiding collisions?

Smart applications that go this far may not be mainstream 
practice in marine yet. But the technologies they require 
already exist to a large extent, and are widely applied in the 
automotive and aviation sectors. So the question is how to 
implement this knowhow in marine-specific operational 
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