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1 Introduction 

1.1 Present situation 

The EffShip project is based on the vision of a sustainable and successful maritime transport 
industry – one which is energy-efficient and has minimal environmental impacts. Specific 
project goals to achieve this include improving the efficiency of the ship machinery, 
introducing alternative marine fuels, using wind energy as a complementary propulsion force 
and developing applicable technology for reducing the emissions of CO2, NOx SOx and 
Particulate Matter. The project will result in solutions with respect to maritime fuels, energy 
efficiency and emission reduction technology that will contribute to the fulfillment of EU’s 
and the Swedish Government’s climate goals of 20% more efficient energy usage, 40% 
reduction of green house gas emissions, a minimum of 10% renewable energy in the transport 
sector in year 2020 and to fulfill and exceed upcoming international rules. In the project, 
there will be full scale tests of some of the developed technologies as well as a complete ship 
design including functional design of the best technologies. A state of the art ship design has 
been made available to the project to act as the platform for further development. The project 
results will be disseminated and exploited through the eight partners of the project 
consortium consisting of research organizations, ship design companies, suppliers of power 
and emission reduction solutions and heating systems. 

1.2 Project Areas 

The project addresses the area “Efficient energy use” for shipping, and also the area 
“Sustainable use of natural assets”. The project is a combined Research, Technological 
development and Demonstration (RTD) project.   
 

2 Summary –Energy Transformers 

2.1 Project Background 

Conversion of fuel energy to mechanical energy is important for reducing costs of ship 
propulsion. State of the art is mainly technology where two stroke diesel engines running on 
cheap heavy fuel oil (HFO). 

Having this as the outset we have analysed which technical and economical possibilities are 
at hand in the near future in order to improve and replace existing technologies which fulfil 
today´s demand on emissions and cost levels of the shipping industry. 

 

2.2 Project Definition of Work Package 5 

WP5. Energy Transformers: The purpose is to identify, describe and evaluate technologies 
suitable to serve the heat recovery methods described in WP4. Examples of transformers are 
Rankin machines, boilers, coolers and heat exchangers. Alternative use of recovered energy 
(electricity generation, propulsion, auxiliary etc) will be investigated and potential described. 
An ORC demonstration power plant will be built at Högsbo CHP plant in Göteborg and 
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appropriate tests will take place. Areas for future research and development will be identified 
and described.  
 

2.3 Project Accomplishment 

WP5 is a natural part of the total EffShip project why the results from the other work 
packages in particular WP2-Fuels, WP3-Emissions and WP4-Heat recovery will be applied 
for various conclusions. 

Heat recovery from the exhaust gas system including boilers and engine cooling with heat 
exchangers has been in focus as great energy savings can be made not least if cleaner fuels 
can be used. Conversion of various fluids to steam/mechanical energy has been thoroughly 
studied. 

The various transformation systems have to be integrated as the task is to bring as much as 
possible of the fuel energy to the propeller shaft. Both mechanical and electrical conversion 
systems can be applied. For improved flexibility and high redundancy the electrical 
transformations has been given extra attention. 

The design point of the main engines has been analysed with respect to off design conditions 
in order to get improved performance during various operating conditions. 

Low temperature heat from the engine cooling system can be recovered for generating 
chilling for the air condition system 

The propeller characteristics are an essential part for efficient propulsion and is only to a 
limited extent covered. 

 

2.4 Conclusions of obtained results 

As a reference of a ship’s performance a propulsion system with a direct driven fixed 
propeller of a two stroke HFO engine been chosen.   

With today´s technology it is fully achievable to replace the reference technology with 
enhanced systems meeting both emission legislations and cost levels. 

It is already demonstrated on big container vessels with heat recovery to obtain gross 
efficiencies of 53% when big engines are used operating regardless of emission 
restrictions. 

As shown in this project the same figures can also be obtained on smaller vessel also 
meeting the more stringent emission demand. 

However, new cleaner fuels such as methane (LNG) and alcohols (methanol) will be 
introduced in order to obtain improved heat recovery. The ship will install heat recovery 
components for bringing the energy down to the propeller shaft. Energy savings shall be 
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introduced where thermal energy can replace mechanical e.g. air conditioning, and frequency 
converters shall be applied for running bigger pumps and fans. 

Cleaner fuel implies less power or none for exhaust gas scrubbers and catalyst cleaning 
systems. 

Thanks to heat recovery from exhaust gases and engine cooling the propulsion power could 
be improved by 10% which corresponds to an efficiency improvement of 4% units. 

If a clean fuel e.g. LNG is used a 30% reduction of CO2 is obtained. If clean fuel e.g. LNG 
and methanol are used additional heat can be recovered thanks to low fouling. 

When refrigeration fluids are used at low temperature additional power can be recovered 

By choosing a suitable propeller design a few more percent units can be saved. 

Thus, this report complies various energy technologies and discusses how established and 
new technologies can be adapted the marine environment. 

3 Background 

Like most fuel driven ship propulsion systems a maximum mechanical efficiency of 50% is 
achievable, thus half of the energy is converted to the propeller shaft. 

It is an old request to improve the efficiency and an intense continuous development is going 
on of existing engine and turbine technologies among the manufacturers. It is also well 
known that much of the waste heat can be transformed to mechanical energy through steam 
turbines and exhaust gas expanders.  

 

 

Figure 1 Sankey diagram of a two stroke diesel engine 
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As depicted in fig.1 (Sankey diagram) the available energy is divided at several locations in 
the engine. 

The internal combustion engine has during the last forty years dominated the ship propulsion 
thanks to low fuel consumption, high fuel flexibility, god part load features and reasonable 
operating costs. 

However, the low fuel costs have not contributed to improve the efficiency and further 
development has not made the investments sufficiently profitable and the payback period is 
not attractive enough for the ship owners. 

The fuel prices are as volatile as before but now we also have the requirements of reduced 
emissions  

The power generating industry on land has a similar situation where bottom cycles can 
convert waste heat to power. Fig. 2 shows simplified flow diagram with one engine in a 
combi-cycle. For a gas turbine system (GTCC) the power output can increase with 50% if the 
waste heat of the exhaust gases is converted to steam/power. The combustion engine has 
intrinsically a high efficiency and can bring an additional power of 10% to the system. 

 

 

Figure 2 Engine exhaust gas heat recovery system 

 

4 Tranformation of waste heat 

4.1 Bottom cycles 

Bottom cycle is a concept within the power industry where waste exhaust gas heat is 
converted to steam. The hot exhaust gas is fed into a boiler where superheated steam is 
generated. Thanks to the high exhaust temperature from the gas turbine high pressure steam 
can be generated. Even double and triple pressure systems are built. 

Traditionally waste heat from combustion engines are used for steam generation in an 
exhaust gas boiler. Pressure and temperature have been modest, often only saturated, and 
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been able to contribute to power generation. Thereby some fuel has been saved. Otherwise 
the power has had to be generated in an auxiliary engine or shaft generator. 

Water is an excellent fluid and the only major drawback is its high boiling point at high 
pressure implying a high driving temperature to make water evaporate. In fired boilers these 
temperatures are easily available giving a higher driving temperature. For gas turbines the 
exhaust gas temperature can reach 600 °C out of which high pressure steam can be generated 
while ship engines reaches 250-400 °C. 

The design of a steam system requires accurate calculations and often meeting off-design 
criteria i.e. engine operations outside the maximum design performance. 

Fig. 3 depicts a single pressure system with modest super heating where all components are 
commercially available. The boiler is of ordinary design. Due to load variations and 
fluctuating steam demand a steam dumping system must be installed and the boiler is 
equipped with an exhaust gas by-pass system. 

 

 

Figure 3 Single pressure system 

 

When the exhaust gases leave the steam boiler its temperature is around 180 °C thus there is 
still a substantial energy amount remaining in the exhaust gases. If sulphur free fuels are 
used, the residual energy can be recovered without any risk of corrosion.  
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Figure 4 Exhaust gas boiler with dual pressure system 

 

In order to squeeze more energy out of the exhaust gases a dual pressure system can be 
applied. If a HP-system of e.g. 22 bar and a LP system are used two evaporating temperature 
can better follow exhaust gas temperature and the losses reduced. Further on, if some exhaust 
gases can by-pass the turbo, a separate expander can drive a generator. Thus a higher 
efficiency can be obtained. 

 

Figure 5 Dual pressure steam system 

Unfortunately boilers are big and must be located above the engine often in the ships cap. 
The boiler size is related to the back pressure. The pressure drop will be in the range of 3-5 
kPa which shall be distributed among silencer, boiler, pipes and cleaning equipment. In fig. 4 
shows how a boiler is located and its seize relative a two-stroke engine. It can be noticed the 
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by-pass pipes with valves beside the boiler. For a multi-engine installation one common 
boiler can be applied. 

 

 

Figure 6 Installation of a steam boiler in a ship 

 

The steam turbine converts the heat energy into mechanical energy. Steam turbine with gear 
box, generator and condenser (turboset) is not very space consuming butt the condenser has 
to be located preferably just below the steam turbine. Fig. 7 depicts a typical marine turboset 
without condenser. 

 

 

Figure 7 Typical marine turboset 

4.2 Energy distribution 

In an internal combustion engine the residual heat is distributed between exhaust gases and 
engine cooling. In fig 1, Sankey-diagram, it can be seen that approx. 30% of supplied energy 
is located in the exhaust gases and approx. 20% is in the engine cooling. 
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In a gas turbine all waste energy is located in the exhaust gases implying that the boiler is the 
only heat recovery system. Thanks to the high exhaust gas temperature higher steam 
temperature can be achieved but on the other hand the boiler is getting more complex. 

The generated steam quality is determined by the exhaust gas temperature and the exhaust 
gas flow. The excess air ratio of an engine is around 2.2 while a gas turbine has around three. 
Therefore the bottom cycle of a gas turbines is a lot more efficient compared to the 
combustion engine.  

4.3 Energy conversion fluid 

If now water cannot be used as the energy conversion fluid for combustion engines, aren´t 
there any other fluids applicable evaporating at a low temperature compared to water at 
similar pressure? 

This question arises wherever there is an abundance of low temperature energy particularly at 
power generation.  

In order to identify these fluids the refrigeration industry has developed some which have a 
lower evaporation point. Traditionally such fluids have been ammonia and hydro fluor 
carbons “freons”. Many of them are detrimental to the ozone layer and been banned. Some of 
them are also toxic, fire hazardous and climate influential.  

Hereby some interesting compounds have been identified to be used as fluids in an energy 
conversion system instead of water. In table 2 some possible fluids are enumerated to be 
used. Fired hazard and health impact are decisive for applying these fluids on board a vessel. 
The fluid is an integral part in a closed system and normally not consumed why the effect of 
the climate just as the ozone depletion is not a major obstacle. From a thermodynamic point 
of view the critical temperature is important and how the design is made. The fluid R245fa is 
a good compromise and the estimates have been done with this fluid. The fluid is also 
commercial available. 

 

 

Table 1 Possible fluids for an ORC-system 

4.4 Organic Rankine Cycle (ORC) 

A closed loop steam system i.e. water is (1) evaporated under pressure, (2) passing a steam 
turbine, where mechanical work is done, (3) steam is condensed to water under cooling, (4) 

Fluid Mol Wt T critical ODP GWP Flamability Health Hazard Type 

R245fa 134.05 154 0 950 Low Low Dry 

R152a 66 113 0 140 High Low Wet 

R227ea 170 99.5 0 2900 Low Low Dry 

R245ca 134 174.42 0 693 --- Low Dry 

R236fa 152.04 124.92 0 9810 --- Low Dry 

R236ea 152.04 139.29 0 710 --- Low Dry 
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water is returned to the high pressure side through feed water pumping, is called a Rankine-
cycle. If the water can be replace by an organic fluid e.g. HFC, than an Organic Rankine 
Cycle ORC is defined. 

In fig. 9 is showed how heat energy from thermal oil is used for heating the fluid in an ORC 
system. Both hot water and steam can be used as prime driving energy. However, it has been 
demonstrated that the energy transfer between exhaust gas and the fluid is very costly when 
an intermediate boiler is used for either thermal oil or hot water is used. In order to improve 
the efficiency of the ORC a regenerator can be installed i.e. the turbine exhaust energy is 
recovered to pre-heat the liquid fluid.  

 

 

Figure 8 TS-diagram and flow sheet for an ORC-system 

In order to maximize the heat recovery system two systems could be installed one for the 
exhaust gas and one for the engine cooling. It is theoretically possible to interconnect the 
systems but such a complex system will not be economically viable. 

In fig.10 it can be seen how the exhaust gases forms a high temperature ORC-system and the 
engine cooling a low temperature system. A thermodynamic analysis results that a HT-
system with regenerator has an efficiency of approx. 18% and a LT-system without 
regenerator of approx. 7%. For a single steam pressure system according to fig. 3 
corresponding efficiency is approx. 22%. 
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Figure 9 Interconnection ways for a ORC system 

 

For the LT ORC system steam cannot be generated at all because of the cooling water 
temperature is around 85 C 

For a dual fuel engine running on LNG/MeOH as fuel the cooling water temperature can be 
raised to 95 °C. The interconnection how the HT-system (jacket and HT charge air) is 
interconnected with the LT ORC-system is showed in fig.10. At such a low driving 
temperature the temperature of the fluid is becoming 85-90 °C. 

 

 

Figure 10 Flow diagram for HT–ORC and LT -ORC 
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In order to avoid fluid heating with thermal oil or hot water the fluid could be directly heated 
by the exhaust gases according to fig.11. Such trials are going on but any results are not yet 
available. Problems to be considered are decomposition of the fluid 

 

 

 

Figure 11 directly heated ORC fluid 

 

4.5 Efficiencies 

If a heat system is operating between two temperature levels the Carnot efficiency can be 
calculated. In practice half of the Carnot efficiency can be achieved. Thus for an internal 
combustions engine the actual efficiency is approx. 50%. 

If the waste heat of the combustion engine can be used with its low exhaust gas temperature 
and engine cooling the theoretical additional power could be 20% or 10% in practice. If this 
figure is recalculated to efficiency improvement an additional 5%-units is obtained. 

Existing commercial steam systems can obtain efficiency improvements of 3-4 %-units 
corresponding to 6-8% additional power. 

4.6 Capital and operational costs 

In order to utilize low temperature waste heat for smaller installations e.g. below 30 MWe, it 
is difficult to obtain satisfactory profitability as the HFO has been too low. 

For a retrofit of e.g. M/S Spaaneborg a steam turbine could be installed either use the existing 
boiler or replace it with a full capacity boiler. It is assumed that the vessel will operate on 
MDO and no bunker pre-heating is needed. Thus most of the generated steam could be used 
for steam to a turboset. This system is covered in WP4. 

For a 300 kWe turboset the capital cost is estimated to some 600 k€, the avoidance cost of 
power for the vessel is based on MDO of 900 $/ton. The installation and conversion costs of 
the engine are very difficult to estimate the pay-back is not likely to be less than five years. 
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Steam systems are normally low cost systems to operate and the consumption of consumables 
insignificant. However, in some countries special trained personal is required which might 
increase the operating costs. The availability of a steam system is in general high particularly 
if low steam pressure is applied. 

4.7 Fuels 

The fuel used in a combustion engine is important for heat recovery of the exhaust gases. 
HFO with sulphur content below 3.5% S implies the exit exhaust gas temperature must not be 
below 180 °C. The sulphur in the exhaust gas forms sulphuric acid which is condensed on the 
boiler surfaces giving corrosion. Thus heat recovery must cease when the temperature 
reaches 180 °C despite a lot of remaining energy. In order to safeguard the temperature not to 
go below 180 C the pressure in the feed water tank/deaerator is increased, simultaneously the 
evaporation temperature increases. In order to increase the feed water temperature some fresh 
steam must be extracted which leads to reduced flow of steam to the turboset. 

If a sulphur free fuel is used the deaeration temperature can be reduced and mores steam can 
be fed to the turboset and more heat recovered. 

 

4.8 Steam consumers 

For efficiency raising measures as much as possible of the steam can be used for power 
generation or transferred to the propeller shaft. Depending on vessel type there are some 
steam consumers e.g. bunker pre-heating. 

Heavy fuel oil is an internationally classified product IFO 380 having a viscosity of 380 cSt 
at 50 °C and a sulphur content of 1-3.5%. Storing this oil in bunker tanks requires heating in 
order to make it pumpable up to the fuel oil module for further fuel treatment e.g. separation, 
filtering, and heating. Big amount of steam could be consumed and a great deal of the steam 
generated in the exhaust gas boiler will be used. Sometimes back-up steam could be 
necessary. 

Other steam consumers could be cabin heating, cargo heating, fresh water generators, and 
cargo pumps. Many vessels don´t apply steam for heating but use thermal oil instead for 
bunker and cargo heating. 

Thus there is a number or alternative application for steam among various consumers and 
operational conditions at sea, call at ports and quay. 

 

4.9 Engine cooling 

It is of utmost importance that the engine cooling is working as a cooling water failure could 
be detrimental to the ship’s safety and big consequential damages. 
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Marine engines have three main cooling sections jacket water, charge air/scavenging air, and 
lubrication oil. Besides are some smaller cooling circuits. The charge air cooling is 
sometimes split in one HT- and one LT- cooler. 

These three cooling systems are interconnected in one high temperature circuit and one low 
temperature circuit using fresh water in a closed loop. Mostly these two circuits are 
interconnect and commonly cooled via a sea water loop. However, occasionally the circuits 
can operate independently which facilitates the heat recovery.  

For two stroke engines there is one scavenging cooler for feeding necessary flow of air into 
the engine. The same is valid for a four stroke engine but it is also important to keep the 
charge air at a low temperature when dual fuel engines are installed.   

To recover heat under these conditions is becoming complex as the different cooling water 
circuits operates at various temperature levels, flows, and heat power. For optimal heat 
recovery the outgoing temperature levels should be as high as possible. 

On existing vessels with two stroke engines out going cooling water temperature is around 85 
°C and for a four stroke somewhat higher. However, higher out going temperature levels 
could be made available if the HT charge air cooler is the final stage. 

In order to recover engine heat in an existing installation is extensive as the cooling circuits 
have to be broken up and connected in a new configuration. 

5 Operating conditions 

In order to justify the installation of a bottom cycle operating time is an essential parameter 
for the feasibility. The plant can of course only be in operation when the main engines are 
running. 

The vessels have very individual routes and time spent during the different phase of the 
voyage. In connection with EffShip WP7-logistics a great deal is related to the distribution of 
operating hours at sea, port call, and quay. 

5.1 Present situation 

For “Short Sea Shipping” like ferries, roro, container feeder etc. is the installation of a 
powerful shaft generator a common feature. The generator has capacity to feed the bow and 
stern thrusters in the “port maneuvering” mode and the main switch board in “at sea” mode. 
In the latter case only a fraction of its capacity is utilized. 

In the “port maneuvering” and “in port” mode (when no shore power is available), the diesel 
generator(s) is used for the switch board.  

The diesel generators may then be – due to the short running hours – be of high rpm, MDO 
type with a 110% permissible load. 
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5.2 Problems 

With sulphur free fuels and a max utilization of the recoverable energy in the exhaust gas and 
cooling water transformed to electrical energy, the problem is to match the generated 
electrical power to the actual need. 

If too much is generated, the surplus power has to be dumped. If too little, the complementary 
power has to be supplied by a diesel generator that may run grossly low loaded.  

Another problem is that the load variation on the propulsion machinery (that generates the 
waste heat we are trying to recover) may be considerable due to speed variations in 
archipelago, high traffic areas, shallow water etc. 

6 Engine capacity 

The engine size of a vessel is beyond this study but constitutes an essential parameter for 
design of the bottom cycle. 

Mostly only parts of the installed capacity. At multi engine installations only some of the 
engines are in operation or at part load when the speed demand is reduced and slow steaming 
is requested. 

Part load is the most frequent operating condition to propel the vessel together and with 
operating time the energy availability can be estimated in MWh. The designed capacity in 
MW of the bottom cycle is based on actual part load. If not, the installation will be oversized 
with reduced viability. 

7 Energy transformer at Högsbo 

As the internal combustion engines is the prime mover WP5 is than intended for how the 
waste heat can be transformed to mechanical energy. Thermodynamics constitute the 
boundary conditions what could be achievable and industrial manufacturing processes have 
to be cost effective. Being able to design and build such energy converters requires high 
competence in manufacturing, selection of material, lubrication, coolants and access to a 
network of sub suppliers and engineering companies. 

The outset of the project has been to install an ORC plant on board a vessel and test it at an 
existing plant beforehand. The selected test plant is Högsbo CHP-plant owned by Göteborg 
Energi and operated by Wärtsilä. The plant was selected thanks to its availability of high 
temperature hot water and warm water delivered to the district heating system. When the test 
at Högsbo had been fulfilled the ORC should be transferred into an existing vessel, both for 
demonstrating the technical benefits and to regain some of the invested money.  
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7.1  Existing ORC system  

The ORC-systems has mainly been developed within the technical universities and they have 
tried to identify economically viable solutions. In the literature a number of institutions have 
been identified building test plants in different design configurations using various fluids. 

There are a few commercial suppliers of ORC systems around the world. The most successful 
once have been working in the geothermal business where steam is generated in deep sub 
surface sources. The steam temperature in approximately 120 °C and is not applicable for 
direct steam driven turbines but another fluid has to be used. Most of the ORC designs are 
made for land based installations. However, for marine installations the ORC system has to 
be approved by the classification societies and adapted to marine conditions. 

7.1.1 Ormat 

The US-Israelis company Ormat has up to now the longest reference list for ORC. 
Geothermal application has been the major field of their deliveries. Their system has mostly 
used propane as a fluid. Ormat uses an air-cooled condenser which is cooling the fluid 
directly. 

7.1.2 Turboden 

The Italian Turboden has been very successful thanks to a number of interesting features. 
They have chosen a siloxane fluid with high critical data. Their plants ranges from 500 kWe 
to above 2000 kWe and suit well to biomass fired CHP-plants. Instead of steam boilers they 
apply thermal oil boilers obtaining high temperatures without evaporation. 

Unfortunately these installations become expensive when combining thermal oil and ORC. 
Turboden is haft owned by Pratt & Whitney in the USA. Turboden is currently installing one 
biomass ORC plant at Falköping. 

7.1.3 Pratt & Whitney 

Pratt&Whitney is a US company within United Technologies Corp together with Carrier. 
Carrier manufactures compressor driven chilling machines and P&W has developed based on 
Carrier technology an ORC system. Thereby P&W has designed an ORC generating 250 
kWe looking like a compressor chiller where the evaporator and condenser have been kept 
from the basic design. The fluid used is R245fa.  

7.1.4 Opcon 

Opcon is a Swedish company having its technical roots from Stal refrigeration systems. A 
screw compressor is reversed and is driving an expander. The evaporator and condenser looks 
like a chiller. The size of the ORC is designed for 750 kWe. Several units are in operation 
e.g. at Stora Enso Skutskär pulp plant. Opcon has already installed an ORC on board one of 
Wallenius their roro-vessels.           

7.1.5 Others 

A number of manufacturers has designed and build smaller units e.g. General Electric, Tri-O-
Gen, and AddPower. So far none of them have made a commercial break through. 
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Generally there are two designs either with a regenerator or without. Turboden applies 
regenerator which gives the plant a characteristic look where the regenerator is dominating 
because of its size. For plants without regenerator where refrigeration machines are used as 
design basis the plants keeps it basic look. 

 

7.2 Optimal waste heat recovery 

The waste heat of the vessel can be found in the exhaust gas and engine cooling. The 
auxiliary engines in an optimized energy system should not be operated continuously why the 
exhaust gas energy of the auxiliary engines can be excluded. 

7.2.1 Exhaust gases 

The engine exhaust gases leave the turbocharger at a temperature of 250-400 °C depending 
on motor type and fuel. Modern turbochargers have nowadays such a high efficiency that all 
available energy cannot be used for compressor drive but is bleeded via by-pass valve to the 
exhaust pipe. 

For vary large vessels e.g. container or tank/bulk carriers it might be justified to feed the 
exhaust gases to a power take in system either for electric power generation of directly 
interconnected to the shaft. The engine size might be above 50 MW. 

If the exhaust gases are not fed to the expander they will pass via the exhaust gas boiler.  

A lot of feasibilities studies comparing ORC and steam turbines have been made. Steam 
boiler systems are thermodynamically more efficient but both boiler and turboset has to be 
locally installed.  Small steam turbine systems are complex installations steam pipes, 
condenser and cooling water implying high specific investment cost. The ORC could be 
manufactured in a work shop which might give lower installation costs. The low temperature 
operating fluid gives a lower thermodynamic efficiency. On the other hand more heat from 
the engine could be recovered.  

For transferring exhaust gas energy to steam/fluid a boiler is installed. In a steam boiler steam 
is directly generated while hot water/thermal oil/steam is used as an intermediate fluid before 
the ORC fluid. Steam can be applied when a steam boiler is already installed. However, that 
steam might already have other consumers. Hot water boilers are not commonly used in ships 
but there are no technical limitations. Often thermal oil boilers are used for bunker and cargo 
heating. A thermal oil system for an ORC requires big boiler installations with poor 
efficiency. 

In order to further improve the efficiency a dual pressure systems and be applied. A boiler 
with two pressure levels has to be installed reducing the exergi losses. The two pressure 
levels are connected to a steam turbine designed for two admittance pressure levels. All this 
leads to a very comprehensive design with more expensive boiler, turbine and installation 
cost. A dual pressure system could be justified for engine sizes above 50 MW. 
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The conclusion is that even if a steam turbine system has higher installation a single pressure 
system is the most cost effective system to utilize the exhaust gas energy. 

7.2.2 Engine cooling 

The engine cooling temperature is normally around 85 °C in modern engines it can be raised 
to above 95 °C. These temperature levels cannot be used in a steam but an ORC system can if 
fluids with a lower evaporation point are applied. 

Engine cooling water can be directly connected to an ORC thereby avoiding an intermediate 
circuit. This system seems today to be the most attractive ORC application despite low 
efficiency below 7%. For installing such a system on an existing vessel it requires a redesign 
of the engine cooling to get the right temperature and safeguard the engine cooling if the 
ORC is out of operation. 

7.2.3 Interconnection 

It might under certain conditions be feasible to interconnect the engine cooling and exhaust 
gas circuits. However, for practical reasons it might be a too complex solution with respect to 
installation and operation. 

Even if more heat can be recovered in an interconnected system the recovery systems should 
be separated. In fig 12 is shown how the waste heat from a two stroke engine can be 
recovered to power where two ORC systems are used; exhaust gases at a high temperature 
system and engine cooling at a lower temperature.  

Generally the exhaust gas should use a steam system and for the engine cooling an ORC 
system should be applied. 

 

 

Figure 12 Two stroke engine with ORC 
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7.2.4 Tests to be performed at Högsbo 

Within WP5 it was intended to install and test if an ORC could be technically and 
economically viable and thereafter installed in an existing vessel. 

The participation of Göteborg Energi consist in making the CHP plant at Högsbo available 
for installing an ORC system, heat will be taken from the existing plant to drive an ORC unit. 
The temperatures available are similar to those on board a ship. Fig. 13 shows Högsbo CHP 
plant which consists of three 4.2 MWe gas engines connected for heat recovery to the district 
heating grid of Göteborg. The plant generates totally 13 MWe and 16 MWth with total 
efficiency of 87%. 

 

Figure 13 Högsbo CHP in Göteborg 

The Högsbo plant is well equipped with space for establishing an ORC plant and performs 
tests. The plant is normally running for commercial operation delivering heat and power why 
the access to test is limited when the plant isn´t required. 

The test should therefore encompass installation of an ORC unit according to fig. 13 in 
adjacent room. Beside the ORC unit a cooling arrangement for the condenser should be 
installed electric and automation, piping and building. 

 

Högsbo kraftvärmeverk
Pannor Eleffekt Värmeeffekt Bränsleslag

(MW) (MW)

GM 1 4,3 5,3 Naturgas

GM 2 4,3 5,3 Naturgas

GM 3 4,3 5,3 Naturgas

Total effekt: 12,9 15,9

Planerad ORC 1
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Figure 14 Artist impression of Pure Cycle ORC at Högsbo 

As stated above there are only a few suppliers identified with suitable equipment. The most 
likely supplier is Pratt&Whitney “Pure Cycle” design as depicted in fig. 14. The ORC unit 
has a capacity of 250 kWe and is commercially available on the market. 

An artist impression is shown in fig 14 showing how such an installation would like look like 
on board a ship. 

When all tests were performed it was the intension of Wärtsilä to sell the ORC unit to an 
existing vessel. In order to do so the ORC unit must fulfil the rules of the classification 
societies and national rules of safety. 

Wärtsilä has failed to find a ship owner who could install such a unit on board a suitable 
vessel because available ships don´t have access to steam as steam is used for bunker heating. 
Appropriate engine cooling is not available due to integrated cooling systems. To make an 
ORC unit efficient the auxiliary engines should be switch off and the ORC should be 
interconnected to an engine with a shaft generator. Many vessels lack this equipment. 

During the past years Wärtsilä and the ORC manufacturers have carefully followed the 
opportunity to commercially install such plants on board vessels and met economic 
constrains. 
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Figure 15 Artist impression of an ORC onboard a vessel. 

 

Therefore Wärtsilä has taken the decision interrupt the installation and tests at Högsbo in 
favour of transferring it promised resources to WP2-Fuel, which has shown to be the most 
effective way to use the committed resources. 

7.2.5 Applications 

Within EffShip the results from the various work packages WP shall be applied on two 
platform vessels defined within WP8; one roro and one tank ship. 

The outcome of WP4-Heat recovery and WP5-Energy transformer shall be used for design of 
the vessels in order to optimise the usage of waste heat. However, the design must be kept in 
limited frames of capital and operational costs. 

A general expression is BATNEEC (Best available Techniques Not Entailing Excessive 
Costs) meaning that if better technical systems are at hand, the economy will still limit its 
introduction. In order to evaluate the viability of a technical system a life cycle analysis can 
be made covering benefits and costs regarding reduced emissions to sir and water versus 
investment and fuel costs. 

WP4 and WP5 aims to reduce fuel costs and emissions by efficient waste heat recovery. 

Steam turbine driven ships were frequently used until the first oil crisis in the beginning of 
the seventies. Typical superheated steam data were 500 °C at 60 bar applying desuperheated 
steam for smaller consumers e.g. turbosets or bunker preheating instead of operating a 
separated steam boiler. 

If clean fuels as LNG or alcohols/ethers are used there is not demand for bunker pre-heating 
and all waste heat can be used for power generation. 

 

7.2.6 Low temperature waste energy 

Vessels are equipped with an HVAC, heating, ventilation, and air condition systems, mostly 
electrically driven compressors. Chilled air is distributed in the ventilation ducts. Operating in 
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hot region the power consumed for HVAC can be substantial particularity on board ferries 
and cruising vessels. 

It is feasible to used waste from the engine cooling by applying an absorption chiller where 
heat is converted to chilled water of 7 °C which is distributed to various consumers on board. 
Such a system is well established on land where LiBr absorptions chillers are used. The 
performance of such a system is defined as COP (coefficient of performance) e.g. for each 
kW of heat 0.7 can be converted to chilled water. 

In fig 16 a trigeneration system is shown where both chilling and heat are available. For 
making such a system as efficient as possible it is important to have bulk head and partitions 
well insulated. For an 18 MW engine at full load around 4 MW chilling of 7 °C could be 
generated. 

 

 

 

Figure 16  Lithium bromide absorption chiller for heating and chilling 

 

 

 

7.3 Design results 

7.3.1 Calculations from exhaust gas  

The platform vessel is design for a maximum continuous rating if 18 MW at the propeller 
shaft and a number of engine configurations will be proposed in WP8. From heat balance 
point of view it is enough knowing the total engine power.  

In order to recover waste heat the exhaust gas heat is transformed to super heated steam. To 
get high steam turbine efficiency it is important that steam is superheated. The super heating 
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temperature is assumed to 25 °C below the exhaust gas temperature. The steam pressure is 
adapted to prevailing steam temperature and steam turbines on the market. For assumed 
temperature the pressure will be in the range of 12-20 bar. 

The higher steam pressures the higher isentropic efficiency. As the evaporation temperature 
of water follows the pressure the temperature of exhaust gas leaving the boiler increases 
implying reduced heat recovery. This paradox has not been obvious when sulphur rich fuels 
have been used as the exhaust dew point has been the limiting factor. The exhaust gas 
temperature has been above 180 C when leaving the boiler, but for sulphur free fuels this 
temperature can be reduced giving better heat recovery- 

 

 

   Figure 17  Waste heat recovery with super heated steam 

In fig.17 it can be seen steam data applied for a typical heat recovery system connected to a 
turboset when a four stroke combustion engine of 17.1 MW is used. The exhaust gas 
temperature is 398 °C giving a super steam temperature of 373 °C. In order to maximize the 
heat recovery a low feed water/deaeration temperature can be used of 105 °C. 

Of admitting steam energy 20% is converted to mechanical energy in the turbine, the balance 
is rejected in the condenser. In an 17 MW engine around 1.5 MW can be transformed in the 
turboset to power. This corresponds to an additional power of about 9%. 
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The efficiency improvement is thus 4%-units which represents a big fuel saving. 

1. Engine type Wärtsilä 18V50DF 17,1 MW 
2. Fuel LNG 
3. Engine Efficiency shaft 45.7% 
4. Exhaust gas steam boiler 12 bar superheated steam 373 °C 
5. Steam capacity 8.2 ton/hour 
6. Turbine gross output 1,5 MWe 
7. Plant output gross 18,6 MW efficiency 49.7% 

When doing heat balances calculations the actual parameters have to be applied, mostly in 
brochures the engine efficiencies are presented in ISO conditions adding 5% to the actual 
values. Thus the 49.7% corresponds to 52.3% ISO-3046. 

In order to complete the calculations a dual steam pressure system can be installed giving an 
additional 370 kWe. However, such a system increases the complexity and the investment 
cost. 

 

7.3.2 Calculations from the engine cooling with ORC 

Transforming engine cooling heat to mechanical energy, only heat from the high temperature 
circuit can be used. The temperature is high enough and the amount of energy sufficient to 
justify an ORC system. 

Thermodynamic gives that 7% of admitted energy can be transformed to mechanical energy 
at a driving temperature of 95 °C. 

1. Engine type Wärtsilä 18V50DF 17,1 MW  
2. Engine Efficiency shaft 45,7% 
3. HT energy @95 °C 4489 kW 
4. ORC Turbine gross output 310 kWe 
5. Plant output gross 17,4 MW efficiency 46,5% 

Generally the added power from the HT circuit is marginal about 1.8% 

 

7.3.3 Calculation from an integrated engine-exhaust gas waste heat 

It is possible to integrate the exhaust gas system and the engine cooling system if an ORC 
system is used.  

In WP5 it is interesting to find out if a ORC system could supersede a conventional steam 
system. In the steam system only exhaust gas can be recovered while in an ORC system the 
engine cooling energy might be available for heat recovery. As the ORC fluid operates at a 
lower temperature there could be opportunities for improved heat recovery. 
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In this example the fluid R245fa has been used and is evaporation at 25 bar is 134 °C. No 
superheat is assumed. The exhaust gases cannot heat the fluid directly because of risk for 
decomposition and cavitations, why an intermediate fluid is used for transferring the heat. 

The intermediate fluids to be used are thermal oil, steam or hot water. Thermal oil boilers are 
often big with high fluid flows working with smaller temperature differences.  Steam will 
only be used if a steam boiler already is installed. 

Hot water is the most attractive fluid as the water can be cooled to low levels for recovering 
the engine cooling energy. 

In fig. 18 is shown an integrated ORC heat recovery system with hot water, which is 
pressurized to 10 bar. Thereby the water can be heated to 180 °C without starting to 
evaporate. This temperature is more than enough for heating the fluid to 134 °C. 

Out of admitted energy to the ORC system around 18% can be converted to mechanical 
energy thus somewhat below the steam system. As energy from exhaust gases as well as from 
engine cooling can be recovered the additional power is 10%, corresponding to an efficiency 
improvement of 5%-units. 

 

 

 

    Figure 18 ORC integrated heat recovery 
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1. Engine type Wärtsilä 18V50DF 17,1 MW 
2. Fuel LNG 
3. Engine Efficiency shaft 45,7% 
4. Steam Turbine gross output 1,5 MWe 
5. ORC Turbine gross output 310 kWe 
6. Plant output gross 18,8 MW efficiency 50,4% 

Thus the integrated ORC system is in fact somewhat superior a steam system. 

7.3.4 CO2 emissions 

When calculating efficiencies and heat recovery configurations, the CO2 emissions have also 
been calculated with respect to fuels. In table 2 a summary of specific CO2 have been 
estimated. For an HFO driven engine at max load without heat recovery the specific CO2 
emission is 550 g/kWh while a LNG driven dual fuel engine with full heat recovery emits 
385 g/kWh corresponding to a CO2 reduction of almost 30%. Methane slip is not included. 
Other emissions are referred to WP3. 

7.3.5 Cost estimate 

Steam driven turbines with steam boilers are established technology and are installed on 
ships. However not to a great extend as expected due to high investment cost and boilers 
could be used for other purposes such as bunker, house and cargo heating. 

If a clean fuel is used there is no need for bunker heating and the boiler could be used for 
continuous steam generation.  A rough estimate is that the steam auxiliary system for a 2 
MWe unit will be 4 M€. A simple pay-back calculation can be made if HFO is replaced by 
exhaust gas heat and no additional O&M costs are considered. The main parameter becomes 
the operating hours. As seen from the enclosed diagram many operating hours favours a 
quick pay-back. It is also assumed that the engines run at full over the operating period. 

 

 

Figure 19 Pay back vs operating hours 
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8 Expected Performance with LNG, DME and MeOH 

Within WP2 the selection of fuel has constituted the major work. Generally the cleaner the 
fuel the higher performance can be obtained with respect to efficiency and emissions. With 
cleaner fuel means short chained molecules e.g. methane, ethers and alcohols giving smoke 
free exhaust gas as there are no long chained aromatics, particles or other rest products to be 
combusted. The expected rest products to be expected are methane, formaldehydes and 
carbon monoxide. Nitrogen oxides are formed in the combustion process. Freedom from 
sulphur and ash implies that sulphur oxides and particle emissions have ceased. 

The cleaner the exhaust gases the better conditions for heat recovery in the exhaust gases. 
The risk for sulphuric acid condensation with attached corrosion has been eliminated, fouling 
or precipitation of heavier hydro carbons and various ashes on boiler surfaces are reduced. 
Thereby the boiler surfaces can be kept clean without affecting the heat transfer between 
exhaust gases and steam/water. No soot blowing will be installed.   

 

Table 2 Summary of various fuels and engine types 

 

When cleaner fuels are used a number of secondary effects appears such no residuals from 
fuel separators, no fuel treatment space with dirty fuel handling, generally cleaner engine 
room free from oil films upon equipment. Lubrication oil will not be exchanged so frequently 
as no sulphur is present degrading the oil. 

9 Limiting Systems 

In table 2 is indicated what is achievable with current technology. The systems described in 
column #1, #5, #7 are today commercially available. #6 is not available for marine purposes 
but for power plants. 

It could be of interest to find where are the limits with today technology? Applying spark 
plug engines for marine purposes with a dual pressure should mean that an efficiency of 55% 
could be obtained and the specific emission level could be around 360 g/kWh. 

System 1 2 3 4 5 6 7

Fuel HFO MeOH DME MeOH CH4 CH4 HFO

Engine type W46 F W46 F W46 F W50DF W50DF W50SG RTA52U

Shaft power 18000 18000 18000 18000 18000 18000 18000 kWm

Shaft eff 47,7% 47,7% 47,7% 45,7% 45,7% 48,9% 48,6%

Steam cap 5,89 6,75 6,75 8,36 8,36 7,57 4,47 ton/h

Steam turbin 1031 1182 1182 1576 1576 1391 746 kWe

ORC turbine 317 317 317 331 331 309 311 kWe

Total power 19294 19439 19439 19831 19831 19632 19015 kW

Tot efficiency 51,1% 51,5% 51,5% 51,3% 51,3% 53,3% 51,3%

Spec CO2 515 486 463 487 385 370 512 g/kWh
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10 Advanced Heat Recovery 

WP4 and WP5 have the aim to identify how energy is used and how the fuel is efficiently 
transformed to electrical/mechanical energy. As seen from above roughly 10% more power 
can be recovered when a clean fuel is used. With commercial technology the waste energy 
can be recovered by electrical generators. In roro-vessel the house consumption is normally 
around 500 kWe and as seen from the estimates around 1900 kW can originate from the 
turboset and the ORC system thus a surplus of 1400 kWe. 

A ship with a conventional heat recovery system is depicted in fig 18. Depending on 
operating conditions one or several auxiliary engines could be shut down when the turboset is 
in operation. 

 

 

 

 

 

 

 

 

 

Figure 20 Propulsion system with a steam turboset 

Fig 19 shows a more complex system where some of the exhaust gases are fed to a turbo 
expander directly connected to the steam turboset. 

 

 

 

 

 

 

 

 

Figure 21  Propulsion system with a steam and exhaust gas turboset 
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The electric surplus power can only be consumed if there is a system transferring electric 
power to the shaft, either a via a mechanical system or frequency converters to a shaft motor. 
If the propulsion consists of a controllable pitch propeller (CPP) and the main engine can 
operate asynchronously an optimal operational condition can be designed for minimizing the 
fuel consumption. Fig 21 shows a load diagram in which the engine efficiency is related to 
propeller speed. The propeller force is a function of speed and pitch and if the engine can be 
run at as high power as possible at lower speed to maintain the torque the specific fuel 
consumption is reduce by 1-2%-units 

 

 

 

Figure 22 Engine efficiency vs. propeller speed 

 

11 Propulsion Systems 

 

The “EffShip” proposal for solution is a system that allows the generated power to be fed to a 
shaft generator/motor. The system allows the generator/motor to utilize the surplus of the 
recovered power for propulsion. Should the recovered power not be sufficient for the ship in-
house consumption the shaft generator supplies the balance? 

Electric propulsion has been used in ship propulsion for a long period of time and mostly 
when special manoeuvring is necessary e.g. ice-barkers, tug boats. Recently passenger 
vessels with request of low vibration the engine/electric operating at constant speed has been 
able to create low vibrations thanks to constant synchronous engine speed. 

Most systems are designed with diesel engines but LNG carriers use dual fuel engines 
operating at constant speed using cargo boil off for propulsion. Until now it has not been 
possible to run dual fuel engines asynchronously why the engines have been driving an 
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electric generator. Via an electrical system of transformers and switchgears the propeller has 
been connected to an electric motor. 

The older systems are equipped with a DC system while modern ships apply AC systems 
with frequency converters. The limitations are off course installations which is very 
comprehensive and the specific fuel consumption increases with 4-7% due to electrical 
losses. 

However, several methods are today available to reduce these losses. 

It is not possible to radically improve the fuel consumption with a traditional diesel-electric 
system when a turboset is installed for using waste energy. 

12 Hybrid Propulsion 

Hybrid propulsion is used when two interconnected systems can be operated separately. In 
the proposed system the main engine is connected to the gear and the turboset with auxiliary 
engines connected via the electrical system connected to the gear. The electrical system 
drives the propeller via an electrical motor and can be used for redundancy, peaking or 
whenever additional power is required e.g. bow thrusters.   

In order to be able to use the waste heat from the main engine when the ship cannot internally 
consume all power the remaining power must be transferred to the propeller shaft. 

12.1 Steam system 

The steam system consists of boiler and turboset and ORC system as earlier described. 

12.2 Mechanical propulsion 

For the long haulage bulk- and tank-ships the use of shaft generator is rarer. 

Absence of thrusters, need for powerful pumps also in port etc are good reasons for that. 
Sheer cost savings in the initial investment may be another reason. 

For an EffShip type ship panama tanker as new building, the same electrical solution as for 
the EffShip roro – should a shaft generator/motor be chosen - may be used. 

For a retrofit or for a new building without shaft generator, the WP5 has developed a 
mechanical alternative. 

The principle is a chain connected drive on the propeller shaft directly aft of the flywheel. 
The chain is chosen due to its higher tolerance against misalignments compared to a cog 
wheel transmission. 

The chain connects the shaft to a geared steam turbine that is fed from the boiler with super 
heated steam. The power generated by the steam is directly transferred to the shaft thus 
adding to the propulsive power. At maneuver forward or astern the steam to the turbine is 
directed to a dumping condenser or just thru the funnel and the turbine is running free with 
the engine. 
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A power take off for generation of electricity can be arranged on the gearbox on the turbine. 

 

12.3 Electrical Propulsion 

In order to get maximum efficiency at the propeller the engine speed shall be as low as 
possible simultaneously with maximum pitch of the propeller. The engine speed will not be 
similar to the shaft generator synchronous speed of 50/60 Hz. 

To use a shaft generator a frequency converter (fq-converter) shall be adapted to the 50/60 Hz 
electrical system. As the frequency converter converts via the dc system can also be for 
electrical distribution within the vessel. If the bow thrusters are located far from the main 
switch gear it can be useful to apply dc distribution to a separate fq-convert at the bow 
thrusters. If many electrical suppliers are connected to a common switch gear and the selected 
voltage is low e.g. 440 V there might be problems with the short circuit current. This can be 
avoid by raising the voltage or make some equipment dc operated. 

The vessel can be regarded as an island mode power plant and when the shaft generator is not 
in operation a speed reference is not available. Having a synchronous turboset as a reference 
is not a stable generator but to have the turboset connected to fq-converter a more secure 
network is established. 

 

    Figure 23  Hybrid propulsion system 
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As seen in fig 22 bow thrusters and turboset are dc operated and the shaft engine/motor can 
be asynchronous to minimize the size and short circuit currents of the main switch gear. 

In the proposed design the main engine has a power of 18 MW. However, during normal 
operating conditions on parts of available power is used. Mostly in practice such a power is 
divided among several engines. 

 

12.4 Estimated examples 

In below example it is assumed that a vessel operates at normal conditions at a speed of 17 
knots when the service power is 85% of maximum continuous rating (MCR). 

The example is aimed for the lowest energy consumption where as much as possible waste 
heat has been recovered. 

The most efficient operating point is between 75-90% loads. A vessel must have access to 
redundant power for propelling the ship if the main engine is shut down. Sometimes 
additional power is needed during severe weather conditions or operations in ice. 
Occasionally it can be necessary to increase speed to meet a time table.   

For bringing the additional power from the waste heat system down to the propeller the 
power from auxiliary engines and turboset available the electrical system can efficiently be 
used. 

In table 3 it is shown the available powers. The internal ships demand of electricity is 
assumed to 500 kW during all conditions. In order to be able to make a comparison it is 
assumed that the vessel is travelling a distance of 400 nm (nautical miles) at constant speed.  

Depending on load and various operating conditions that objective is to find the specific fuel 
consumption per nautical mile (kWh/nm) or simply how many tons of fuel has been 
consumed. The default option is running the engine at 85% load and only the turboset in 
operation giving a speed of 17 knots. 

In table 3 only a turboset recovering heat from the exhaust gases is considered. 
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Table 3 Performance at steam turbine operations 

As expected slow steaming is the most preferred from fuel point of view e.g. if the speed is 
reduced to 14 knots the fuel consumption is 30% less. Of course the voyage will take five 
more hours to reach the destination but the fuel has a defined cost. If the speed is important 
the speed would be 18.5 knots if all power in the ship would be used but the fuel 
consumption will increase by almost 20% from the default option. 

A similar table is established for an ORC system corresponding to the design in fig.18. 

 

 

Figure 24 Spec energy consumption in MWth per nm vs. speed in knots 

 

As can be seen in fig 22 the specific fuel consumption for a hybrid system is in level with 
HFO two stroke engines. Thus it is beneficial to use waste heat with a cleaner fuel when 

W46F MeOH Steam
max pow er ME=100% ME=85% Slow  50% 2-stroke 85%

ME pow er 18000 kWm 18000 kWm 15300 kWm 9000 kWm 15300 kWm 18000 kWm

Steam t pow er 1227 kWe 1227 kWe 1043 kWe 614 kWe 0 kWe 1880 kWe

AE pow er 1600 kWe 0 kWe 0 kWe 0 kWe 512 kWe 1600 kWe

House cons 500 kWe 500 kWe 500 kWe 500 kWe 500 kWe 500 kWe

Prop shaft 19800 kWm 18295 kWm 15475 kWm 8897 kWm 14976 kWm 20414 kWm

Fuel as gas oil 43466 kWf 39656 kWf 33708 kWf 19828 kWf 32702 kWf 43466 kWf

Eff 45,55% 46,13% 45,91% 44,87% 45,79% 46,97%

Fuel cons 3,68 ton/h 3,36 ton/h 2,86 ton/h 1,68 ton/h 2,77 ton/h 3,68 ton/h

Speed 18,5 knot 18,0 knot 17,0 knot 14,1 knot 16,8 knot 18,6 knot

Op hour 21,7 hours 22,3 hours 23,5 hours 28,3 hours 23,8 hours 21,5 hours

Energy 942 MWhf 882 MWhf 793 MWhf 561 MWhf 778 MWhf 933 MWhf

Fuel cons 79,8 ton 74,8 ton 67,2 ton 47,5 ton 65,9 ton 79,0 ton

Spec FC 2,36 MWh/nm 2,21 MWh/nm 1,98 MWh/nm 1,40 MWh/nm 1,94 MWh/nm 2,33 MWh/nm
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external clean up systems are use as after treatment of the exhaust gases e.g. scrubbers and 
SCR. 

 

Figure 25  Relative comparison between steam system and ORC system     

In fig. 25 it can be seen that the ORC system is marginally better than a steam system as more 
heat can be recovered from the engine cooling circuit and more energy can be used from the 
exhaust gas boiler thanks to the hot water boiler.  

 

13 Propellers 

 

It is not within the of WP5 to study propellers or hull design, but it could be of general 
interest to see the connection between main engine and propellers as EffShip is performing a 
well-to-propeller analysis. 

There characteristics defining the performance of a propeller speed, diameter and pitch. The 
propulsion is firstly influenced by propeller speed and the shaft torque by the propeller pitch. 
The most economic configuration has been direct shaft connected to the engine crank shaft 
with fix propellers at low speed. This is also the dominating technology for big tank and bulk 
ships 

For ferries, roro, and cruising vessel other demands are setting the design criteria and multi 
medium speed engines with gear and CPP is mostly used. The engine configuration looks 
thus very different from vessel to vessel. 

Many solutions are available from different manufacturers e.g. nozzle propellers, propellers 
integrated with the rudder, counter rotating propellers and azipod propellers. 
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För att åstadkomma ett välkonstruerat framdrivningssystem måste också utläggningen av 
propeller och roder ingå vari några procentenheter bränsle ytterligare kan inbesparas. 

In order to get a well designed propulsion system using waste heat the design must 
encompass propellers, rudder, and hull to further reduce the fuel consumption. 

 

 

____ 


