
Electrochemical Technologies For A     
Hydrogen Economy

Professor Keith Scott
Newcastle University, UK



CONTENT

• Overview of UK Hydrogen Scene and Funding
• EPSRC SUPERGEN
• Fuel Cell Consortium Activities
• Newcastle University Fuel Cell Activities
• Hydrogen Funding in the EU



Sponsors and Players in the UK

• United Kingdom Hydrogen Association (UKHA)

• EPSRC

• Technology Strategy Board (TSB) [previously DTI]

• CARBON TRUST

• UKERC





☼Newcastle





Yorkshire Forward UK 300kW wind turbine





SUPERGEN
EPSRC’s flagship initiative in Sustainable Power Generation and Supply.

Led by EPSRC in partnership with BBSRC, ESRC, NERC and 
the Carbon Trust. The initiative aims to help the UK meet its 
environmental emissions targets through a radical improvement 
in the sustainability of power generation and supply.



Supergen Consortia
A recent Hydrogen generation Consortia Announced (Newcastle and St. 
Andrews lead) £5M



EPSRC Supergen Fuel Cells Consortium.
Powering A Greener Future [Sept 2006-2010]

www.supergenfuelcells.co.uk

Partners
Industry

Rolls-Royce Fuel Cell Systems Ltd
High temperature “large” SOFC-GT

Ceres Power Ltd
Intermediate temperature “small” SOFC

Johnson Matthey
PEM

Defence Science and Technology Laboratory

Universities
Imperial College
Newcastle
Nottingham
St Andrews 



Consortium aims

• Multidisciplinary UK team across the academic and industrial sectors to 
address key technical barriers facing the UK fuel cell industry.

• To exploit synergies addressing three (traditionally distinct) fuel cell 
technologies; 

– High-Temperature Polymer Electrolyte Membrane Fuel Cells (HT-PEMFCs), 
– High-Temperature Solid Oxide Fuel Cells (HT-SOFCs)
– Intermediate-Temperature Solid Oxide Fuel Cells (IT-SOFCs)

• To develop high quality researchers trained in fuel cell technology

• To communicate our research to the academic, industrial and general 
communities.
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UK PEMFC RESEARCH
at Newcastle

Intermediate Temperature Polymer Electrolyte  Fuel Cell
Alkaline Membrane Fuel cells
Direct Alcohol fuel cells
Composite membranes for electrolysers and fuel cells
Mixed Reactant Fuel Cell
Non Pt oxygen reduction catalysts
DMFC stack with new anodes
Methanol tolerant catalysts
Intermediate temperature proton conducting membranes
Sodium borohydride fuel cells
Direct propane and DME fuel cell
Two-dimensional modelling of hydrogen and direct methanol fuel cell
Thermal and stress Modelling of fuel cells
Microbial fuel cells
Enzymatic implantable fuel cells

Next- A selection of activities



PBI Proton Conducting Membranes for HT-
PEMFC.

PBI High Temperature Membrane- Low Cost Option

• Polybenzimidazole synthesized from 3,3’-diaminobenzidine tetrahydrochloride
and isophthalic acid by a polycondensation process in polyphosphoric acid 
Iwakura et al. (1964) 

H H
H H

· 4HCl · 2H2O
170-200 oC

→
In PPA
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Other Composite Higher temperature PEM 
electrolytes

Mixed acid proton 
conductor immobilised in 

PTFE
•H3PMo12/H3PO4
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Direct Methanol Alkaline Fuel Cell
e-

OH-

O2CH3OH

CO2 Non- Pt catalyst

Non- Pt or Pt  catalyst

Cathode reaction:
3/2O2 + 3H2O + 6e- 6OH-

Anode reaction:
CH3OH + 6OH- CO2 +5H2O + 6e-

Anion exchange membrane



DMAFC
-Low power densities due to un-optimised ptfe bonded electrodes
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Sodium Borohydride Fuel Cell

Pt/Ru anode, Pt cathode, anion exchange membrane. Power Densities > 0.12 W/cm2 air

Attractions of the DBFC:
High theoretical open circuit 
voltage of 1.64 V 

High energy density of 9285 
W h (kg NaBH4)-1; cf 3200 
Wh (kg methanol)-1

• Anode: BH4- + 8OH- = BO2- + 
6 H2O + 8 e- E0 = - 1.24 V                

• Cathode: 2 O2 + 4 H2O + 8 e-
= 8 OH- E0 = 0.4 V                  

• Overall: BH4+ + 2 O2 = BO2- + 
2 H2O              E0 = 1.64 V
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Flexible Fuel Cells
Aim to produce a portable fuel cell design that offers flexibility 
in application, and can use several liquid based fuels.

Optimisation of electrocatalysts
Examination of oxidation of organic fuels 
e.g. ethanol, formic acid, isopropanol, dimethyl ether, 
ethylene glycol, etc

To operate at 30-60oC with air at near atmospheric pressure.

The portable fuel cell will produce 5 W power (1.2 to 2 V)
using 4-6 cells.

200 µm



Comparison of Methanol Oxidation in 2M MeOH a. Conventional, b. Thermally 

Decomposed and c. Electrodeposited Pt-Ru catalysts
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MEA constructions 
a. Mesh based and b. regular

a b



Fuel cell data- Trimethoxy methane
thermally decomposed PtRu/Ti (dotted line) and PtSn/Ti (solid line) anodes. 60oC. Anode catalyst 

loading 2 mg cm-2 and cathode catalyst: 2 mg cm-2, 60 wt.% Pt/C (E-Tek).
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METHANOL TOLERANT CATHODES

• TETRAMETHOXYPHENYLPORPHYRIN                                     
FeTMPP-Cl and CoTMPP-Cl

• Platinum based Binary catalysts                                 
Pt-Co, Pt-Cr, Pt-FeOx

• Ruthenium based binary and ternary catalysts                    
Ru-Se-Mo, Ru -Se , Ru-S-Mo

• Rhodium based catalysts



DMFC with Ru-Se 
Cathodes- Effect of Methanol 
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MIXED REACTANT  FUEL CELL (MRFC)
IS POSSIBLE

• No need for gas-tight structure within the 
stack- providing relaxation of sealing the 
reactant/products delivery structures. 

• Minimum membrane thickness possible-
reduced Ohmic voltage losses

• Simplified manifolding.
• No bipolar plate needed.
• Much Cheaper than conventional fuel 

cells.
• No fuel oxidation at cathodeIssues

• Selective electrocatalysts mandatory.
• Reduced cathode voltage
• High Ohmic resistance between neighboring cells, when a   strip-

electrode configuration is used.
• Increased Fuel and Oxidant Dilution. 
• Crossover inevitable.
• Safety with explosive gas mixtures



Aminoacids
Fatty acids
Glucose

VFAs Acetic

e-

MetanoCO2 + H2

Carbohydrates
Lípids
Proteins

+

ANODOPHILIC 
OXIDATION

METHANOGENESIS

METHANOGENESIS

ACIDOGENESIS

ACETOGENESIS

Extracellular
enzimes

ANODOPHILIC
OXIDATION

+ CO2 + H+
HYDROLYSIS

Faster at temperatures
above 30ºC

Faster at temperatures
below 10ºC

COD REMOVAL
Microbial Fuel Cells



Microbial Fuel cell Power from Wastewater



Newcastle Achievements Include
• First UK DMFC (PEM) 0.5 kW Stack in 1999
• First to demonstrate alkaline membrane in DMFC
• Titanium mini-mesh supports for anode (and 

cathode catalysts)
• Fabrication of tubular capillary MEA
• DMFC with methanol tolerant non-platinum 

catalysts
• First to demonstrate mixed reactant DMFC with 

PEM
• 50 W DMFC with mesh based flow fields
• Room temperature borohydride fuel cells



EU 





5 kW Stack System with Diesel Reforming



Innovation 
and                 
Development 
Actions

IDA 1 : Hydrogen Vehicles and Refuelling Stations
Goal: Improve and validate hydrogen vehicle and refuelling technologies to the level 
required for commercialisation decisions by 2015 and a mass market-rollout by 2020
IDA 2: Sustainable Hydrogen Production and Supply
Goal: 10-20% of the Hydrogen supplied for energy applications to be CO2 lean or free 
by 2015
IDA 3: Fuel Cells for CHP and Power Generation
Goal: Commercially competitive Fuel Cells for CHP and Power Generation; > 1 GW
IDA 4: Fuel Cells for Early Markets

Goal: X000 commercial early market FC products in the market by 2010.
The target for this IDA, on the way to reaching the “Snapshot 2020” milestone, is to
achieve cumulative production of 200MW (circa 20,000 units) not later than 2012.



Water Electrolyser Research in the EU

• Medium temperature PEMs are an important topic of the Strategic Research 
Agenda and of the scoping paper for collaborative R&D in the International 
Partnership for the Hydrogen Economy. 
The European Community funded strategic research on hydrogen 
electrolysers and related PEMFC technology and materials includes:

• Development of low temperature high pressure PEM electrolyser.
Under FP5 (1999-2002) HYSTRUC

• Develop small scale low temperature PEM electrolysers. 
GenHyPEM [http://www.genhypem.u-psud.fr; 2005-2008] 1.1 M euro 6 partner

• Solid oxide electrolysers
Under FP6, Hi2H2, a STREP with 4 partners 1.1M euro 

• Lower temperature PEM electrolyser (120 oC). 
In 2008 “small and medium scale focused research project” on “New material 

processes for advanced electrolysers” (WELTEMP) with 6 partners (2.38M euro).



Conclusions
Fuel Cell Applications Continue to Increase
Rapidly

Hydrogen Fuelling Stations beginning to appear 

Electrolyser Future Market Size Expanding 

A report produced by Professor Marcus Newborough
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