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Development of a supercritical diesel 
reformer in a hybrid fuel cell system
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Introduction Defence Materiel Organisation 

(DMO)

DMO is part of Ministry of Defence, and is responsible for 

materiel used by the forces throughout its life.

• In terms of materiel, DMO is responsible for 

procurement, maintenance, and divestment;

• The organisation deals with materiel for the sea, land 

and air forces;

• DMO is responsible for inflow, storage and through 

flow in logistics;

• Within the Defence organisation, DMO is supplier, 

policy-maker and employer.

Möbius ring.



DMO / ST / WPSN / Z / WSM

1
1

/2
1

/2
0

0
8

DMO ambitions

• Smart buyer / Smart integrator / Self creator;

• Technology ambition comparable to large or medium 

large forces;

• Affordable technology.
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Examples of Materiel Projects Portfolio

• Patrol Vessels

• Joint Logistic Support Ship

• Integrated Sensor and Communication Mast Module

• Soldier Modernisation Programme

• Battle Management System 

• Replacement of F16 Fighting Falcon

• New generation identification systems (IFF)



DMO / ST / WPSN / Z / WSM

1
1

/2
1

/2
0

0
8

Project impressions
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Overview

• Introduction hybrid system

• Diesel reforming projects

• Experimental results

• Hybrid system simulation results

• Conclusions
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Hybrid fuel cell system development

Hybrid fuel cell system:

• A combination of fuel cells for electricity generation 

and a battery for electric energy storage.

• Diesel is the anticipated fuel.

Motivation for hybridisation:

• Dynamic response enhancement.

• Optimisation of system components for expected load 

profiles (e.g. peak shaving), with respect to system 

efficiency, dimensions, cost.

• Improvement of lifetime of fuel cell.
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Applications (military) of hybrid system 

Application Power range Fuels

Portable / Mobile 

generator

0.1-25 kW H2, MeOH, gas, 

diesel

Vehicle on board 

power

10-100 kW Diesel

Air independent 

propulsion

250-300 kW H2, MeOH, diesel

Ship harbour load 250-750 kW Diesel

Ship zonal power 

generation

500-2500 kW Diesel

Land distributed 

power generator

0.1-10 MW Natural gas, 

diesel
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Hybrid system research projects

Critical enabling technology: Diesel Reformer.

Diesel reforming technology development projects 

supported by DMO:

• DESIRE:
Catalytic steam reformer.

• SuperDiesel:
Gasification of diesel in supercritical water.
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Aims of the projects

Development of a hybrid fuel cell system for electric 

energy generation with dynamic load following 

capabilities.

Analysis and optimisation of a hybrid fuel cell system in 

various applications:
• Stationary CHP in a Naval Base;

• Ship propulsion and hotel load;

• Army vehicles propulsion and APU;

• Mobile energy generation in military compounds;

• Soldier portable energy supply.
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DESIRE steam reformer

DESIRE: Diesel Fuel Processor for 
Fuel Cells.

Development and demonstration of a 
25 kWe diesel steam reformer.

Project duration: 2001-2004.

EU military project 
(MOD’s from NL, GE, TU, UK).

Participating industries:
• Stork Product Engineering
• ECN
• TNO
• Howaldswerke Deutsche Werft
• University Duisburg/Essen
• Siemens
• Tubitak MRC
• Qinetiq
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DESIRE steam reformer
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SuperDiesel: Gasification of diesel fuel in 

supercritical water

SuperDiesel: Development of a supercritical diesel reformer in a 
hybrid fuel cell system.

Project duration: 2003 - 2007 (2010)

Phasing:
1. Experimental research supercritical reforming.
2. Experimental research process integrated gas clean-up.
3. Dynamic modeling.
4. System design and assessment.

Partners:
TNO, DMO, University of Twente, SPARQLE bv.

Sponsors:
SenterNovem, Ministry of Defence
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What is supercritical water?

Critical point of water:

• Temperature = 374 °C

• Pressure = 22.064 MPa

Supercritical water: no condensation at any pressure.
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Properties of supercritical water

• Density

• Dielectric constant: solubility of organic and inorganic 

material.

Density of water at various pressures
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Process scheme

 Process Scheme SCWG
 Version 1.0

Fuel

Water
S

u
p

e
rc

ri
ti
c
a
l 
w

a
te

r 
re

a
c
to

r

Generated gas

(H
2
, CH

4
, CO

2
, CO, ...)

Liquid products

Water

Gaseous products

S
e

p
a

ra
to

r



DMO / ST / WPSN / Z / WSM

1
1

/2
1

/2
0

0
8

Process scheme with sulphur adsorption

Optional: process integrated adsorption of CO2.

 Process Scheme SCWG
 Version 1.0
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Experiments (Phase 1)

Gasification (reforming) of diesel in supercritical water in 

a flow reactor.

• Fuels:
• Methanol

• Ethanol

• Diesel

• Bio diesel

• Process parameters:
• Reforming temperature

• Reforming pressure

• Fuel concentration

• Residence time
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Supercritical water flow reactor
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Results supercritical reformer: Methanol (1)

Methanol Conversion (TOC)
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Results supercritical reformer: Methanol (2)

Dry gas composition methanol 15 wt%

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

540 560 580 600 620 640 660

Temperature [°C]

M
o

le
 f

ra
c

ti
o

n
 [

-]

H2 CO

CH4 CO2



DMO / ST / WPSN / Z / WSM

1
1

/2
1

/2
0

0
8

Results supercritical reformer: Diesel (1)

Diesel Conversion (TOC)
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Results supercritical reformer: Diesel (2)

Process temperature (2 wt% diesel in water).

(experiments) (equilibrium)

Dry gas composition Diesel 2 wt%
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Results supercritical reformer: Diesel (3)

Diesel concentration (process temperature 700 °C)

(experiments) (equilibrium)

Dry gas composition Diesel 700°C
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Results supercritical reformer: Diesel (4)

Pressure

• 250-300 bar

• No influence on reformate gas composition.

Residence time

• 6 – 40 s

• At short residence time no equilibrium reached.

Efficiency
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Experiments (Phase 2)

Process integrated gas clean-up in a batch reactor 

(autoclave).

• Fuel:
• Methanol

• Process parameters:
• Temperature

• Residence time

• Adsorbents
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Batch reactor for adsorbent screening
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Methanol conversion with various CO2

adsorbents: gas composition
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Methanol conversion with various 

adsorbents: H2 yield
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Summary diesel reforming technologies

Catalytic steam reforming of diesel:
+ Existing technology.
+ High hydrogen yield.
- Catalyst deactivation due to sulphur.
- Coke formation due to aromatic compounds in diesel.
- Complex system.

Gasification of diesel in supercritical water:
+ Robust (pre-)reformer, resistant to sulphur and no coke formation

during the experiments.
+ High conversion.
+ Process integrated reformate gas clean-up and hydrogen yield 

enhancement possible, by adding adsorbents:
• H2S removal;
• CO2 removal (increases hydrogen yield);

+ As pre-reformer of diesel resulting in a potential less complex / 
less vulnerable system (compared to catalytic reforming).

- Immature technology.
- Process at very high pressure challenges construction materials.

Alternative, innovative (pre-)reforming process.
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Hybrid system modelling (Phase 3)

• Analysis and optimisation of the hybrid fuel cell 

system.

• Analysis of load profiles for chosen applications.
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Fuel cell power and Battery SOC
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Hybrid system calculations (1)

Control of the system:
• Battery state of charge: 60% - 100%

• SOFC power: 40% - 100%, in steps of 20%

Specifications:

Load: stationary 

power naval base.

SOFC: 15 MW

Battery: 15 kAh

Reformer: SCWG
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Fuel cell power and Efficiency Fuel Cell / Reformer
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Hybrid system calculations (2)

Efficiency (LHV) of the SOFC / SCWG system with diesel fuel:
• 42% at full load;

• 48% at 40% load.

Specifications:

Load: stationary 

power naval base.

SOFC: 15 MW

Battery: 15 kAh

Reformer: SCWG
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Conclusions

• Experiments show that supercritical reforming is a 

potential interesting alternative technology for reforming 

of diesel fuel.

• Adsorbents effect the conversion of fuels in the 

supercritical process.

• The supercritical pre-reformer matches well with a high-

temperature fuel cell.

• A hybrid system is an effective solution to improve the 

dynamic response of a fuel cell system with reformer.


