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Philosophy according to Wikipedia

While no definition of philosophy is not beyond doubt and philosophy sector has changed throughout 
history according to the issues have been discussed from time to time, in general, it is considered that 
philosophy is more method than a number of statements or doctrines. Philosophical analysis is based 

on reason and rational reasoning, and to avoid unjustified assumptions.
The aim is systematic, universality and understanding of the issues.

SOLUTION



How to proceed?
INQUIRY



Propulsion –short history
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Sulphur Emission Control Areas



Marine Emissions



SRtP (Safe Return to Port)
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Air  Pollution – Local vs Global effect



 The  International  Maritime  Organization  
(IMO),  as  the  main  regulatory  body  for  
shipping,  has  in  recent years  devoted  
significant  time  and  effort  to  the  issue  of  
regulating  shipping  energy  efficiency  in  
order  to control  marine  greenhouse  gas  
(GHG)  emissions.  

 The  IMO  has developed  a number  of  
technical  measures that include: 

• the Energy Efficiency 
Design Index (EEDI) 

• the Energy Efficiency 
Operational Indicator 
(EEOI) 

• the Ship Energy 
Efficiency Management 
Plan (SEEMP)

 IMO: MARPOL 73/78, Annex VI
• Global limit of 3,5% from 1.1.2012 and 

0,5% from 1.1.2020
• Sulphur Emission Control Areas: from 

1,5% 2006 to 0,1% 2015
 Maritime CO2 emissions are not covered 

in Kyoto Protocol
 European Union (EU)

• SECAs
• 20 % cut to overall CO2 emissions from 

year 1990 levels to year 2020?
• Applies to all CO2 producing activities
• EU Ports sulphur max 0.1%

 Regional regulations
• Stockholm: port dues depend on 

amount of sulphur on fuel

Environmental drivers



Environmental drivers



 1. EXHAUST GAS EMMISSIONS INTO THE AIR
 2. WASTE WATER INTO THE SEA
 3. EXTERNAL NOISE
 4. WAVE MAKING 
 5. TRAFFIC INCREASE IN PORTS/TOWNS

Pressure from public opinion and legislation



Future - What Carmakers are doing?

Diesel Fuel Sulphur at road 0.001% vs 0.1% at sea

https://en.wikipedia.org/wiki/European_emission_standards

•Euro 1 (1992):
• For passenger cars—91/441/EEC.[2]

• Also for passenger cars and light trucks—
93/59/EEC.



PREWORK



Background – Machinery Concept Mind Mapping

Safety



Fuels:

Source:DNV Energy Transition Outlook 2021



Marine Fuels towards 0% Carbon:

• Ammonia
• Methanol

• Power to Liquid
• Power to Gas

Source:



The  main  components  of  a  propulsion  system : 

Prime mover: 
The function of the prime mover is to deliver mechanical energy to 
the propulsor. The prime mover may be one of the following: 
•  Diesel engine 
•  Gas turbine 
•  Steam turbine 
•  Electric motor 
The  diesel  engine  is  the  most  common  prime  mover  in  the 

merchant  marine,  mainly  due  to  its  low  fuel  consumption  in 
comparison with other prime movers. 

Gas turbines find their application in fast and advanced ship types 
and  naval  vessels.  The  power  to  weight  ratio  of  gas  turbines  is 
higher than that of diesel engines. 

Some  ship  types,  such  as  naval  vessels  and  LNG  carriers  may 
have  a  steam  turbine  as  propulsion  engine. 
Electric motors found their way as prime mover in the 90’s; they 
are used with electric generation plant combined of an engine (one 
of  the  above  types)  and  an  electric  generator.  They  are  mainly 
found in advanced passenger ships, some new designs of offshore 
support  vessels  (OSV)  are  intended  to  use  electric  motors 
especially for dynamic positioning applications. 

Prime Mover
Power Plant

Transmission Propulsor

Engine Room – Ship propulsion systems 



Electric / Hydrogen Powertrain:

Source pic 1: Electric ship power system - research at the University of Texas, Austin Robert E. Hebner
pics 2and 3:Wärtsilä Hydrogen Machinery

pic 1.

pic 2.

pic 3.



Source: The Future of Ship Design - DELTAMARINE

Electric Propulsion



Commonly selected Engine Makers :

• Wärtsilä (low-,medium-, high speed)
• MAN (low-,medium-, high speed)
• MaK – Caterpillar (medium-, high speed)
• MTU – RR (high speed)
• Bergen Engines – RR (medium speed)
• Mitsubishi (medium-, high speed)
• Cummins



By means of two-stage turbocharging the charge air pressure can be increased substantially.
The result is optionally higher power density and, in conjunction with Miller engine cycle, reduced 
exhaust emissions and lower fuel consumption.

Medium Speed Engine Types



Spark Ignited Lean Burn gas engine (LBSI)

Single fuel LNG, low pressure gas supply (4-5 bar)

High energy efficiency at high load, higher than the 
corresponding diesel engine

Low emissions, meets IMO tire III

GHG reduction potential in the range of 20-30% ref. to 
HFO (incl. methane)

Challenge on methane slip, minimized by design and 
combustion  process control

Sensitive to gas quality (Methane Number)

Not suitable for retrofit of existing engines



Dual-Fuel Engine (DF)

 Dual fuel capability (LNG-MDO)

 Low gas pressure supply (4-5 bar)

 High energy efficiency at high load

 Low emissions, meets IMO tire III

 Flexibility in fuel mix

 GHG reduction potential in the range of 20-30% ref. to 
HFO (reduction is depending on level of methane slip)

 Challenge on methane slip, limited possibility to 
combustion process control

 Sensitive to gas quality (Methane Number)

 Possible for conversion of existing engines (extensive 
rebuilding)



Direct injection high pressure engine

 Multi-fuel capability (LNG-MDO-HFO)

 High pressure gas injection (300 -350 bar) 4-stoke and 2- stroke
Maintain diesel engine performance

 No methane slip, GHG reduction in the range of 30% ref. to 
HFO

 Need NOx reduction techniques to meet IMO tier III

 Not sensitive to gas quality

 Pumping LNG to 350 bar and evaporate is simple and with low
energy requirement

 Flexibility in fuel mix

 Suitable for conversion of existing engines (simple rebuilding)



FUEL CELLS



Methanol as Fuel

• Possibility to total renewable fuel
• Low flash point Fuel
• Safety aspects
• Rules and regulations still developing



Transmission: 
Transmission  is  a  sub-system  of  the  propulsion  system.  It  is  a 
system itself built up from components such as shafts, gearboxes 
and bearings or cables and transformers. The transmission’s functions are:

1.  To transfer the mechanical energy generated from the prime 
mover to the propulsor 

2.  To  transfer  the  thrust  generated  by  the  propulsor  to  the 
ship’s hull 

The latter is done by means of a thrust bearing; a component that 
is found in every transmission system. 

Three types of transmission are used: 

•  Direct: the prime mover is coupled directly, through a shaft to 
the propulsor (this is the case with low speed diesel engines) 
•  Geared:  the  prime  mover  delivers  its  energy  through  a 
gearbox  and  a  shaft  to  the  propulsor.  The  function  of  the 
gearbox  is  to  reduce  the  rotational  speed  of  the  engine  to 
match the desired rotational speed of the propulsor. 
•  Electrical: the prime movers are coupled into generators and 
power is transported into electrical propulsion motors directly or 
through transformers. Speed is adjusted by means of converters.

Engine Room – Ship propulsion systems 



Propulsor: 
The propulsor converts the rotating mechanical power delivered by 
the engine into translating mechanical power to propel the ship. 
The most common propulsor is the propeller. In general, two types 
of  propeller  are  distinguished,  fixed  pitch  and  controllable  pitch 
propellers.  Other  types  of  propulsors  are  for  example,  PODs, waterjets 
and Voith-Schneider propulsors (vertical axis propeller). 

Engine Room – Ship propulsion systems



kW

Engine Room – Concept Design 

kW
kW



Engine Room – Speed & Power

SRS1 Cubic Spline for Excel (free tool)SRS1 Cubic Spline for Excel (free tool)



How many Engines ?

Power Demand – Propulsion /Auxiliaries

Direct Drive – Electrical (propulsion)

SRtP / SRtP-power demand

At least 2 independent compartments (System, Fire, 
Water Integrity

At least 2 Engines running when leaving Port In practise minimum 2+2 

Engine type / Cylinders ?

3 - 4 - 5 - 6 - 7 - 8 - 9 - 10 -12 - 14 - 16 - 18

• Minimize amount of cylinders and Engine Types
• Fuel type
• Available Space ( ER is non profit space!)
• DB to Bulkhead Deck height
• Length of WT-compartment(s)
• Weight of Engines



WÄRTSILÄ 46 DF Product Guide – Weight Estimation

Machinery (room) Weight:
Sum of Main Components (including HVAC) + LNG Tanks + Piping (inc. components PPackets) 
+ Ducts + Cables + etc. 
20% of items is 80% of weight



SELECTIONS



Machinery Comparison – Matrix of Alternatives
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ELIMINATION AND SORTING



The SHIP

Speed / Power

Powerplant
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Operation Profile
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1. Fuel cons/mode= P(power needed)/П*SFC*h(running hours/a)

2. Fuel cons/mode= P(power needed)/П*SFC*h(running hours/a)

n. Fuel cons/mode= P(power needed)/П*SFC*h(running hours/a)

ton*Fuel price (EUR/ton) =  Total fuel cost (EUR) / a

Fuel Price EUR/ton

To Summary Sheet

Operator/route specific
operation profile

Σ(1 to n)=kWh*maintenance cost (EUR/kWh) = EUR/a

Maint. EUR/kWh

Fuel and Maintenance for 
each Alternative

Margins %

Feasibi l ity Study



Machinery Summary Weight Engines Power Price
Main Engines
Auxiliary Engines 416 tons 4 Eng. 28 800 kW 7 891 200 
Total 416 tons 4 Eng. 28 800 kW 7 891 200 

Auxiliary Systems Area [m2] Volume [m3] Weight [ton] Total Price

Shafline + FPP 109 1 773 840
Gear
Rudder 50 675 000
Generators 118 2 160 000
Thrusters Bow+Stern 92 1 035 000
Propulsion Motors + Converters 274,56 5 212 300
Boilers 110 1 200 000
Main Switchboard 18 1 958 400
System Components 750 10 000 000

Catalytic Converter 0 0
 1 521 24 014 540

Component weights
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Machinery Summary Weight Engines Power Price
Main Engines
Auxiliary Engines 416 tons 4 Eng. 28 800 kW 7 891 200 
Total 416 tons 4 Eng. 28 800 kW 7 891 200 

Auxiliary Systems Area [m2] Volume [m3] Weight [ton] Total Price

Shafline + FPP 109 1 773 840
Gear
Rudder 50 675 000
Generators 118 2 160 000
Thrusters Bow+Stern 92 1 035 000
Propulsion Motors + Converters 274,56 5 212 300
Boilers 110 1 200 000
Main Switchboard 18 1 958 400
System Components 750 10 000 000

Catalytic Converter 0 0
 1 521 24 014 540

Initial Cost

Quotations Statistics

Components

Σtotal inital cost = EUR

To Summary Sheet

Initial Cost and Weight for each Alternative

Feasibil ity Study
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Weight Comparison

0

500

1 000

1 500

2 000

2 500

DE DE + WP 2-STR DM Mspd DE 2Pod

Auxiliaries + Hull

Thrusters

Propellers +
Transmission

Engines + Generators

Summary

Annual Costs

0

2 000 000

4 000 000

6 000 000

8 000 000

10 000 000

12 000 000

DE DE + WP 2-STR DM Mspd DE 2Pod

Capital Fuel Oil and lubricants Maintenance

Σ(yearly cost for each alternative)=capital(PMT)+ Fuel cost + Maintenance = EUR/a

Interest rate 6%

nper=20

Se
le

ct
io

ns
/c

al
cu

la
tio

ns

pv=initial cost

fv=0

type=0

NOx , SOx  & CO2 Emissions

0

200

400

600

800

1 000

1 200

1 400

1 600

1 800

DE DE + WP 2-STR DM Mspd DE 2Pod

N
o

x
 S

O
x

 t
o

n
 / 

y
e

a
r

0

10 000

20 000

30 000

40 000

50 000

60 000

70 000

80 000

90 000

C
O

2 
to

n
 /

 y
ea

r

NOx SOx CO2

Feasibil ity Study



LAY-OUT AND GEOMETRY



Main Components

• Engines + Generators /Aux Engines

• Propulsion
• PODs
• Shaflines
• Propeller Motors
• Gears
• Thrusters

• Electric
• MSBs - Generators
• Converters + Transformers
• Emergency Generator

• Casing
• Exhaust Gas Economisers
• SCRs
• Scrubbers

Engine Room



• Internal
• Compartment Lengths – WT – MFB – Fire insulation
• SRtP requirements – RP-class
• Compact systems
• Deck heights – lift beams
• Service Spaces- transport routes – stairs - hatches
• Accessibility – Stairs – Escape routes/trunks
• Sea Chests

• Tanks
• HFO – MDO – MGO - BioF – LNG – Different qualities - ; Range
• Fresh Water ; persons / operation profile / harbour days
• GW / operation profile /harbour days

• Specification

Engine Room



• HVAC
• AC Chillers
• Evaporators / RO-plants

• Waste Treatment
• AWP
• Incinerators

• Operation
• Workshops + Stores

• Building and operation
• Main Pipe routes - Casing
• Main Cable Routes
• Agregates and Modules
• LNG safety measures

Engine Room



LNG



 Natural gas is consisting primarily of methane, a typical composition 
is:
Methane    94%
Ethane       4.7%
Propane     0.8%
Butane       0.2%
Nitrogen     0.3%

 Natural gas burns more cleanly than all other fossil fuels.

Natural Gas and LNG

In the Ship same energy takes abt. 3 x volume compared to MGO!



Driving factors to shift into LNG - Emissions
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• CO2 reduction 25-30% (GHG reduction ~15% Methane slip)

• NOx reduction 85% (fulfils IMO Tier III In NOx Emission Control Areas) 

• SOx reduction 100%

• PM reduction almost 100%

• No visible smoke



The optimal compromise regarding

• Investment and operational costs

• Space requirements

need to be investigated for each case.

• Only short periods in ECA:

◦ MGO -operation with SCR in ECA

◦ MGO -operation with EGR in ECA

• Long periods in ECA:

◦ HFO -operation with SCR and scrubbing system (wet/closed/dry) 

◦ MGO -operation with SCR

◦ MGO -operation with EGR

◦ Gaseous fuel operation - LNG

* EGR - perhaps not coming into Medium Speed Diesels

NOx SOx (PM)

GAS• Engine technology
• Catalysts

• Low S Fuels
• Scubbers

Operating within ECA – What to do?



Emissions - What Technology available?



LNG Tank Location l imitations – Hazardous Zones



100-500m330-100m3 >500m3

Pressurized cylindrical

Pressurized bilobe - trilobe

Containerized pressurized

<700mbarg

<2barg~5barg

+ Space efficient
- Boil-off handling required
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Hydrogen Tank



DF Engine principle

Dual-fuel (DF) engines run on gas with 1% 
diesel (gas mode) or alternatively on diesel 
(diesel mode); Combustion of gas and air 
mixture in Otto cycle, triggered by pilot diesel 
injection (gas mode), or alternatively combustion
of diesel and air mixture in Diesel cycle (diesel 
mode); Low-pressure gas admission.

Lower Cylinder Power

->

More Cylinders





CASE VIKING GRACE



Machinery – LNG Diesel Electric Machinery



Machinery Arrangement on Viking Grace



Machinery Arrangement - Casing



Location of Lub Oil and Fuel Oil  



CASE OASIS



Machinery – Diesel Electric



Machinery Arrangement on Oasis



Cruise Ship Machinery – Study only

Upper Decks near Funnel

?

$$



ENERGY SAVING



LOSSES AND UNUSED ENERGY
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Comprehensive Energy Efficiency

Low Energy Economical Efficient Energy
Demand Operation Production

Low Energy Demand
• Energy efficiency driven 

concept design
• Volume reduction
• Weight optimisation
• Reduced heat emissions
• High efficiency equipment
• Optimised capacities
• Low hull and appendage 

friction
• Efficient propulsion

Economical Operation
• Training
• Best practises
• Energy Management
• Reduction of speed
• Route planning
• Trim control
• Optimised tank volume
• Presence monitoring
• Shore-side utilisation
• Recycling

Energy Production
• Efficient machinery
• Optimised machinery
• Waste heat recovery
• Emission reduction
• LNG and bio fuels
• Fuel Cells
• Wind energy
• Solar power

Passengers

Hotel Functions

Ship Functions

Fuel

Electric Energy

Heat Energy
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We use simulation tools and pinch analysis to optimise the cruise ships’ 
energy flow.

1. Modelling of all energy producers and consumers
2. Utilising pinch analysis for energy flows and heat 

levels
3. Finding theoretically best possible solutions for 

improved efficiency
4. Determing of economically and technically feasible 

combinations for the ship and operation profile

Energy Flow Optimisation
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 Some economically feasible improvements compared to our earlier ships which 
itself are already some 15 to 40 % better than other existing ships of their size.

78 % 80 % 82 % 84 % 86 % 88 % 90 % 92 % 94 % 96 % 98 % 100 %

Reduced Space ratio with multifunctional spaces 

Tier 1 vs. Tier 2 main engines
With Scrubbers (STX Eco Mode)

With SCRs

Hydrodynamics, 
Propulsion and
Machinery

Galley and
Laundry

Hotel

AC and
Chillers

Ship service

kg fuel / APCD

Improvement Potential



Commercially (non finalized?) green ship concepts



 Sails

 Flettner rotors

 Kite (Sky Sail)

Wind and Solar Power

Solar Power



OTHER



Machinery and Casing



Engine Room –Typical Cruiser Single Line



Find (at least) 5 mistakes!

Engine Room – realistic or not?



• There are many ways to goal – there is not only one right solution
• Solutions are many, opinions even more
• Systematic goal seeking makes decisions easier
• Make it simple - Simple is beautiful

MACHINERY CONCEPT DESIGN

• Future is even more complicated

Conclusion:

• More innovative solutions are needed



Links:

Cubic Spline: https://www.srs1software.com/SRS1CubicSplineForExcel.aspx
Wärtsilä:
MAN:
MaK:
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