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Engines, industrial processes and power plants all 
produce vast amounts of waste heat, which is typically 
released into the atmosphere. By utilizing this waste 
heat to produce clean energy instead, the sustainability 
of these operations can be greatly increased. When 
electricity is generated from renewable sources, like 
waste heat, less power is needed from traditional 

fossil fuels, thus reducing fuel usage and 
subsequent emissions.  

Within the maritime industry, heat power 
technology can be used on board vessels to 
increase energy efficiency and reduce fuel 
consumption. 

WHERE DOES ONBOARD WASTE 
HEAT COME FROM?
When a ship’s engine burns fuel to produce mechanical 
power, heat is naturally created as a byproduct. On 

1  Olaniyi EO, Prause G. Investment Analysis of Waste Heat Recovery System Installations on Ships’ Engines. Journal of Marine Science and Engineering. 2020; 8(10):811 pgs. 
2-3, [https://doi.org/10.3390/jmse8100811]
2 M. Mondejar, J. G. Andreasen, L. Pierobon, U. Larsen, M. Thern, F. Haglind, A review on the use of organic Rankine cycle power systems on large ships, Renewable and Sustain-
able Energy Reviews, Volume 91, August 2018, Pages 126-151 https://doi.org/10.1016/j.rser.2018.03.074

average, more than 50% of a vessels fuel energy is lost 
as waste heat.1  See figure 1. This heat is either:

high temperature heat, which is carried away with 
exhaust gases, or, 

low temperature heat, which is mainly found in the 
jacket water, scavenge air/charge air cooling water and 
lubricating oil, all of which are cooled via a cooling media, 
such as seawater or a central cooling freshwater system, 
to maintain safe working temperatures.

The fuel energy is converted to mechanical or electrical 
energy to propel the ship, but it also provides electricity 
to the vessel’s grid to meet onboard electricity needs 
(e.g., a cruise ship’s ‘hotel load’). The onboard electricity 
needs and additional reserve power are usually provided 
by one or more auxiliary engines installed in parallel to 
the main engine.

Figure 22, on the right, shows a simplified layout of a 

WHAT IS HEAT POWER?
Heat power refers to the conversion of thermal energy to electrical energy. More specifically, we use 
the term ‘heat power’ to refer to the transformation of unused, waste heat into clean, carbon-free 
electricity. 
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state-of-the-art machinery system, commonly installed 
aboard large ships. Streams marked in red represent wa-
ter streams at high temperatures, while those marked in 
blue refer to water streams at low temperatures. Yellow 
lines represent the lubricating oil circuit, and black lines 
represent the air and exhaust gas flows. The potential 
heat sources are indicated with bold font.

HOW CAN HEAT BE HARNESSED?
Waste heat can be converted into electrical or mechan-
ical energy for subsequent utilization. While thermody-
namics dictate that a percentage of thermal energy must 
be discharged into the environment at a lower tempera-
ture, a significant proportion of a ship’s waste heat can 
be recovered and repurposed.   

The type of technology applied is dependent on the tem-
perature of the waste heat and there are already several 
types of technologies being used to repurpose onboard 
waste heat at high temperatures. 

Major high-temp waste heat consumers include WHR 
boilers and economizers, which convert the high tem-
perature heat from exhaust gases (>150°C) into service 
steam. At high loads, excess high temperature service 
stream can be utilized in conjunction with a steam tur-
bine to generate electricity. At lower engine loads, such 
as when the vessel is slow steaming or when there is a 
high internal steam demand (e.g. for HFO preheating), 
there is not enough high temperature steam to operate 
steam turbines. Furthermore, when using low-sulfur fu-
els, such as LNG, the need for service steam is generally 
eliminated.

While technologies exist to convert high temperature 
onboard waste heat, more than 50% of the waste heat 
generated on board a ship is produced at low tempera-

tures, ranging from 50 to 150 degrees Celsius. Some of 
this low-temperature heat can be utilized for feed water 
preheating, in freshwater generators and in the vessel’s 
HVAC systems.

Despite this, a substantial amount of low-temperature 
waste heat is lost on virtually all vessels. By using 
suitable technologies to capture and repurpose this low-
temp waste heat, additional onboard clean energy can be 
recovered, and CO2 emissions can be further reduced.  

ORC LOW-TEMP WASTE HEAT RECOVERY
The Organic Rankine Cycle is a thermodynamic cycle 
which converts heat into electricity.  It can be applied to 
the waste heat recovery process to successfully generate 
clean energy from low-temperature waste heat. 

Figure 2. Simplified layout of a state-of-the-art machinery system aboard large ships.
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Figure 1. Amount of accessible low-temp 
waste heat output  in relation to fuel 
energy input onboard a ship.
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A typical ORC WHR system is visualized in figure 3 and 
functions as a closed loop steam turbine system but 
uses an organic fluid instead of water as working media. 
The organic fluid has a boiling point lower than water, 
which enables the ORC system to generate electricity 
from waste heat at lower temperatures.

An ORC WHR system consists of two heat exchangers 
connected in a closed working media loop.  

One heat exchanger is connected to a ‘heat source’ (such 
as a waste heat stream, normally a hot water flow), and 
functions as an evaporator. The second heat exchanger 
is connected to a cold source, normally cold water, and 
functions as a condenser. A circulation pump and a tur-
bine are also placed in the closed working media circuit, 
between the heat exchangers. 

The pump is used to increase the pressure, which trans-
fers the liquid working media into the evaporator. Here, 
the hot water flow (waste heat) causes the liquid working 
media to evaporate. As the working media transforms 
from liquid into gas, its volume expands and creates a 
high-pressure flow. 

After exiting the evaporator, the gas passes through the 
second heat exchanger. The second heat exchanger 
condenses the gas via the cold-water flow and returns it 
to a liquid state. This reduces the volume of the working 
media and, therefore, reduces the flow pressure.  

The varying pressures on the upstream and downstream 
sides of the loop propel the turbine, causing it to gener-
ate electrical power.

The working media, now returned to a liquid state after 

passing through the second condensing heat exchanger, 
is forced through the first heat exchanger once again, 
thus re-starting the cycle and closing the loop. 

As such, the ORC WHR system can continue to produce 
carbon-free electricity ad infinitum, providing both hot 
and cold inputs remain available. 

The power output of an ORC WHR system is governed by 
the amount of waste heat available, the thermal power, 
and the thermal efficiency of the system. The available 
thermal power is dependent on the temperature differ-
ence of the hot source and cold source as well as the 
flows of the hot and cold streams.

The thermal efficiency of the system at different thermal 
power levels depends on the boiling point of the selected 
working media, as well as the configuration of the inter-
nal components, such as the turbine, generator, pumps 
and heat exchangers. 

WHY INSTALL ORC WHR HEAT POWER 
TECHNOLOGY ON SHIPS?
Today, ORC technologies are predominantly used to 
generate clean electricity from industrial and geothermal 
sources. However, the use of environmentally friendly 
and effective working fluids, alongside marine-centric de-
sign and construction, makes ORC systems a viable way 
of increasing sustainability, optimizing energy efficiency 
and reducing GHG emissions in the shipping industry. 

As all vessels produce a significant amount of low-tem-
perature waste heat and the ORC concept is a flexible 
and efficient method of converting low-temp heat into 
electricity, this technology enables a worthless waste 
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Figure 3 Simplified ORC WHR system layout.
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byproduct to be transformed into a valuable, onboard 
energy-saving asset. 

Furthermore, optimal performance can be achieved by 
selecting an ORC WHR system that is compatible with 
the size of the ship’s main engine, the existing onboard 
WHR circuit, power plant design and the operational 
route and operational profile of the vessel.

At a time when shipowners, operators and charterers 
are facing regulatory pressure to reduce emissions and 
increase energy efficiency, the suitability and applica-
bility of onboard ORC WHR systems simply cannot be 
overlooked.  

DESIGNED FOR THE UNIQUE 
ENVIRONMENT AT SEA?
It is imperative that the ORC WHR product is designed 
and adapted for the harsh, challenging environment at 
sea to ensure durability and performance. Scientifically, 
the process of WHR from onboard and on-land engines 
is very similar, but the unique working conditions of mar-
itime WHR systems means sector-specific development 
is required. A maritime WHR system should be robust, 
autonomous and easy to operate. Furthermore, main-
tenance requirements should be minimal and suitable 
for onboard crew to undertake, as well as being easy to 
synchronize with the ship’s regular service intervals. 

MARINE SAFE & CERTIFIED?
ORC WHR systems, like any other onboard equipment, 
must meet maritime safety standards, as well as the 
demands of the Marine Classification societies and flag 

states. This includes the SOLAS regulations regarding 
low flashpoint fluid in open machinery spaces, which can 
have direct input on the working media in the selected 
ORC equipment. Thus, shipowners must ensure that the 
ORC WHR system has either a low flashpoint working 
media or that additional safety measures are taken to 
facilitate a safe and certified integration of a high flash-
point ORC system.  

SUSTAINABLE AND ENVIRONMENTALLY 
FRIENDLY SOLUTION?
The working media inside an ORC system is responsible 
for converting the waste heat into varying states and is 
integral to its operation. However, some working medias 
are toxic and environmentally damaging, having high 
ozone depleting properties (ODP) or even a high global 
warming potential (GWP), which is why it’s vital to select 
an ORC WHR system that delivers genuine environmental 
benefits and brings sustainable shipping a step closer. 

Viking Line Glory, pictured above, is equipped with a 600kW HeatPower system.  

IMPORTANT CONSIDERATIONS FOR  
SHIPBUILDERS, OWNERS & OPERATORS
As shipping companies, owners and shipyards strive to meet increasing regulations and maximize 
energy efficiency, it’s clear that  waste heat recovery systems and heat power products can facilitate 
a sustainable future for the shipping industry. However, selecting the right system for your vessel is 
critical to ensure maximum ROI, optimal energy savings and seamless integration. Here, we take a 
look at a few key factors to consider when focusing on recovery of low temperature waste heat with 
an ORC WHR heat power system: 
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NEW BUILD OR RETROFIT? 
Are you designing a new ship to ensure compliance with 
the EEDI or planning to retrofit an existing ship with new 
energy-saving technologies to comply with EEXI and CII 
regulations? Both new build and existing ships benefit 
from ORC WHR systems which are compact in design 
and offer simple ‘plug and play’ integration. Simple inte-
gration into the planned ship design is vital for the ORC 
WHR system to be incorporated into new build vessels 
easily and efficiently. For existing vessels, your selected 
ORC WHR system should facilitate a quick, efficient 
and smooth installation and provide integration options 
alongside the vessel’s power plant and power manage-
ment system when the ship is in operation or in dry dock. 
The supplier’s thorough understanding of these vessels 
and their onboard operations is also crucial in order to 
facilitate a smooth and successful integration.

EFFICIENCY AND ROI? 
As highlighted above, the majority of waste heat generat-
ed on a vessel is in the low temperature range. To ensure 
the maximum amount of waste heat can be captured and 
repurposed, the ORC WHR system should deliver optimal 
efficiency when using low-temp waste heat sources. 
The simplest integration and lowest integration cost can 
be achieved if the ORC is designed to deliver optimal 
efficiency at waste heat temperatures as low as 85 
degrees C, i.e. the temperature typically found in jacket 
cooling water. Thus, no temperature boost from exhaust 
gases will then be required, no additional exhaust boiler 
will need to be installed and jacket cooling water alone 
can be used to generate clean, onboard electricity. Not 

all ORC WHR systems offer the same level of efficiency, 
particularly at low temperatures. Due to this, it’s vital to 
compare system efficiency and energy outputs of your 
ship’s various waste heat streams in combination with 
the integration cost to determine which ORC system can 
offer optimal performance, maximum savings and the 
most lucrative ROI. Do not forget to take your operational 
profile and the number of planned operating hours into 
consideration.

SUITABLE FOR YOUR SHIP´S 
SPECIFICATION, POWER PLANT DESIGN 
AND OPERATIONAL PROFILE?
The amount of electrical power produced by an ORC 
WHR system depends heavily on the thermal energy 
available for ORC WHR, as well as the temperature and 
flow of both the hot and cold water sources feeding the 
ORC. The available thermal energy depends on engine 
size, as well as engine type (4-stroke or 2-stroke) and 
the design of the entire power plant including jacket 
water, HT or WHR circuits and the ship’s specific waste 
heat sources or other heat consumers. Since ORC WHR 
systems are designed to recover waste heat from ships’ 
engines, the relative load of the engine when in operation 
must be taken into consideration. The average load of the 
main engine while in operation is normally much lower 
than the optimized 85% load and the thermal energy in 
the jacket water will therefore be reduced in proportion 
to this. On ships, it is possible to utilize the surrounding 
seawater as a direct cold source in order to maximize the 
temperature difference between the hot and cold side 
of the ORC loop and therefore also increase the power 

Climeon HeatPower 
system onboard 

Viking Line Glory
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ABOUT CLIMEON
Designed for the maritime industry, the Climeon HeatPower Marine system increases the energy effi-
ciency of vessels via onboard waste heat recovery. Using principles of the Organic Rankine Cycle (ORC), 
HeatPower Marine modules deliver carbon-free electricity directly to the ship’s grid. Our innovative ORC 
technology ensures optimal efficiency from low-temperature heat sources (e.g., jacket cooling water) and 
features a space-saving, compact design. The solution can be deployed in both new-build and retrofit 
installations and is suitable for all fuel types.

Shipowners, such as Virgin Voyages, Viking Line, Havila Voyages and Maersk, have all utilized Climeon 
HeatPower to increase onboard energy efficiency and advance their green shipping initiatives. Converting 
waste heat into clean electricity, our proprietary marine technology reduces fuel consumption, increases 
energy efficiency and reduces both sulfur and CO2 emissions to make sustainable shipping a reality.

CONTACT OUR TEAM TO LEARN MORE

If you need assistance with answering the questions above or want to determine if your vessel is 
suitable for installing a heat power solution to convert your wasted heat into electricity, fuel savings 
and lower CO2 emissions, Climeon´s experienced marine team is here for you.

output. The temperature of the seawater on a vessel’s 
planned routes is, therefore, of great interest. Thus, in 
order to optimize the electrical power output of your ORC 
WHR it important to take all the factors listed above into 
consideration.
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