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Characteristics of passenger ships 

  

Berthing in urban areas 
Sailing in sensitive areas 
Sailing in nature reserve 
In focus of public interest 
Regulations 
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New fuels and converters 

Alternative fuels 
LNG 
Methanol /Ethanol 
DME/LPG 

New energy converters 
Gas / dual fuel engines 
Fuel cells 
Sails 
Flettner rotors 
Sorption technology... 
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Increase total efficiency of energy conversion and transmission 
Decreased total energy demand 

Strategy: Minimizing of wasted energy 
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Technologies with long-term potential  

Dual fuel/otto engines 
Fuel cells 
Sorption technology 
Turbine systems 
… 
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Current research projects 
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Pa-X-ell 

• fuel cells 
• energy storage 
• energy consumption 
• decentralization 
• usage of thermal 

energy 

GasPax 
• gas systems 
• gas storage 
• gas engines 
• rules development 

Bungas • bunkering procedure 
• safety 

Joules 
• Energy grids 
• Modulation 
• Simulation 
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The GasPax Project 

Objectives 
Investigate the feasibility of a 
LNG fuel system application 
on  passenger ships 
Identify and highlight 
potential conflicts with the 
IGF-Interim guidelines 
Provide a practical 
application for the 
development work on the 
IGF code 
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GasPax: Concept of cruise ship 

Gross Tonnage:   63,000 GT 
LOA:     238 m 
Breadth:     32.2 m 
Passengers/ Crew:  2050 + 570 Crew 
Engines:     Dual fuel (2 x 6 MW;  2 x 8 MW)  
Fuel:      2x1000 m3 LNG/ 800 m3 MGO 
Class notation:    EC0(E0), RPS, SRTP 

AiP: DNV GL, LR 
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BunGas: Bunkering concept  

Similar bunkering scenario as for diesel oil: 
 

Bunkering from barge/tanker while in port or at anchor (ship side, 
opposite to tender operations) 
Bunkering during normal Harbor Service, with passengers on board 
Bunkering intervals of 1-3 weeks 
Bunkering operation in a time window of 4-6 hours (-> 400-500 m³/h) 
Bunkering without vapor-return or venting to be possible 
 
 

Gerhard Untiedt 



Pa-X-ell Concept 

21.01.2014 11 

Design of complete elec./mech./therm. energy concepts 
 
Increase ships’ energy efficiency 
 
Reduction of emission 
 
Decentralisation 

Low energy flow in systems 
High redundancy 
Safe return to port 
Safety 
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e4ships – Pa-X-ell 
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 Pa-X-ell (MW,FLW,FSG) 
Passenger ships 

• R&D 
• HT-PEM 
• Decentralization 
• Demonstration 

SchIBZ  (TKMS) 
Yacht, Special vessel 

• R&D 
• SOFC 
• XTL-Diesel 
• Demonstration 

HyFerry  (BG, PM) 
Fähre 

• 150 kW PEM + H2 

• Antrieb-APU Hybrid 
• H2-Tankstelle 
• Demonstration 

Demonstration module 

WP Safety WP Management WP Technology 

Synergymodule  Toplaterne  

HyFerry (BG, PM)
Fähre

• 150 kW PEM + H2

• Antrieb-APU Hybrid
• H2-Tankstelle
• Demonstration



The Energy Module 
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Fuel Cell 

Thermal  
Processes 

Eectrical  
Processes 

Fuel 
LNG / 

Methanol 

Air 

Module 

Consideration of the 
complete energy 
processes 
(thermal & electrical)  



Decentralised Energy Grid 
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FC 

EMS 

FC 

EMS 

FC 

EMS 

FC 

EMS 

FC 

EMS 

FC 

EMS 

FC 

PMS 

fire zone barrier

FC - Fuel Cell 
EMS – Energy Management System 
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Requirements for Fuell Cells 

Power range up to 1000 KW modular 
 
Reliable fuel infrastructure 
 
High efficiency and load dynamic 
 
Moderate volume and weight 
 
High life time / long period between stack change 
 
Competitive investment and lifecycle costs  
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The Fuel Cell System  
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HT PEM 
El.+Therm. Energy 
Draw-in Technology 
Liquid Cooling 
High Life time 
Methanol Reformer integrated 
LNG-Reformer in 2. Step 

 

 5 kW Module 60 KW Rack 
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Thermal Process 

High temp recovery heat used for 
absorpion chiller unit  (ACU) 
Medium temperature recovery heat 
(<70 °C) used for freshwater 
production (med plant) 
ACU produces substantial part of 
required cooling energy 

exhaust gas energy 

mech./el. output 

liquid cooling energy 

radiation & 
other losses 

wasted energy 

wasted energy 

energy 
input 
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State of the art | Emergency generator 

In case of black-out (no Diesel generators available): 
Emergency consumers are supplied by emergency generator 
EG available for a limited time, therefore power from Diesel 
generators must be restored 
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G1 

G2 

G3 

G4 

G1-G4 = Diesel generator 1-4 duct/ funnel 

EG 

Emergency generator 
fire zone barrier 

Electrical ring net 



Distributed Energy Network 
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fire zone barrier 

FC 

EMS 

FC 

EMS 

FC 

EMS 

FC 

EMS 

FC 

EMS 

FC 

EMS 

FC 

PMS 

EMS 

overall control 
system 

additional power 
source  

(Diesel generator) 
FC – Fuel Cell 
EMS – Energy Management System 



Distributed Energy Network 
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Fuel Cell 

EMS 

ACU 

thermal energy 
electrical energy 

supply air fresh water 

black water grey water exhaust air 
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Conclusion 

Main issues: 
 

New Fuels for ships (LNG, Methanol, etc) 
IMO Regulation, IGF Code  
New Energy Converter, Fuel Cells  
New Decentralised Energy Concepts for Ships 

Benefits in thermal and electrical efficiency 
Benefits in redundancy 
Benefits in energy distribution, not funnel related 
Benefits in grid installation 
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Thank you for your attention 
 
www.e4ships.de 


