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Talk Overview

• What kind of product is a Fuel Cell?

• Infrastructure

• Disruption

• Added Value



Prague, 07.04.2016 Slide 3/41

What Can a Fuel Cell Do?
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Some Fuel Cell Principal Properties

1. not limited by Carnot efficiency (~ (T1-T2)/T1), 

only by electrochemical, kinetic and ohmic losses

2. modular

3. low (no) noise

4. exhaust emission predominantely water (and maybe CO2)

5. no (or hardly any) moving parts

6. fast refuelling

ergo:

• efficient and low-emission energy conversion technology

but:

• producing heat and power is nothing new and well established

technology
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Fuel Cells could replace

• Internal combustion engines (ICE)

- in vehicles

- in Combined Heat and Power (CHP) units

• GenSets (mobile power)

• Batteries 

• Combined Cycle Power Stations 

• On-board Electricity Generation 

(Auxiliary Power Units, APU)

which is not revolutionary

and supply decentralised or grid-independent power 

anywhere at any scale
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Competing with Batteries

Source: AZ State Univ
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Power generation efficiencies

Pel [MW]

ηel [%]

nuclear

potential for fuel cells
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Renewable Energy – Hydrogen System
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Unique selling points

• efficiency

• modularity

• lack of noise and vibration

• polygeneration

• linking different energy supply infrastructures

Market entry barriers

• lack of fuel infrastructure

• high cost / prices

• questionable customer value
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Infrastructure:

What about hydrogen fuels?
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Petrol Infrastructure Development (U.S.A.)
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Apple (2014)Motorola Solutions USA (1984) 

The Mobile Phone

from: Hardman & Steinberger-Wilckens, (2014), Mobile Phone Infrastructure Development- Lessons for 

the Development of a Hydrogen Infrastructure, International Journal of Hydrogen Energy

First Networks:

• 1977 USA

• 1979 Japan

• 1980 Europe

Motorola network patent 1975
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Predevelopment of Infrastructure 
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Infrastructure: U.S. Scenario (fuel stations)

From: M.Melaina, J.Hydrogen Energy, 2003

Projection for U.S.:

- DD delayed

- MD moderate

- SD successful development
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Infrastructure investment –

Who – where – when

• needs to pre-date appliance market introduction

• requires investment and drive from the side of 

OEM’s

• without infrastructure market introduction will fail

• without the right infrastructure market introduction 

will fail  

→  charging infrastructure for battery electric 

vehicles
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Market Disruption
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Disruptive Innovations

1) Require a new infrastructure

2) Are supplied by new market players

3) Deliver novel functions or customer value

They might also require a new way of market 

approach and cost evaluation.

from: Hardman & Steinberger-Wilckens, (2013), Disruptive innovations: The case for hydrogen fuel cells 

and battery electric vehicles, International Journal of Hydrogen Energy
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Historical Examples

Market Area Incumbent 

Technology

Price Disruptive 

Technology

Price Year

Photography Film Cameras $135 Digital 

Cameras

$995 1990

Transport Horse Drawn 

Carriages

$20 Mass 

Produced 

Automobile

$850 1908

Watches Mechanical 

Watches

$30-$500 Quartz 

Watches

$1,250 1969

Boats Sailing Ships £16,500 Steam Ships £117,000 1845

Reading Books $5-20 eReaders $400 2011

Personal 

Music

Personal CD 

Player

$80 iPod $400 2001

from: Hardman & Steinberger-Wilckens, (2013), Disruptive innovations: The case for hydrogen fuel cells 

and battery electric vehicles, International Journal of Hydrogen Energy
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Cost Reductions Over time
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FCVs Marketing Based on Cost 
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External Costs vs. Pump Price

H2

Diesel3:1

ext. 
costs

ext. 
costs

3:2

Internal costs /

market price

17,47 €

5,12 €
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Are current markets fair to fuel cells?

• markets tailored to incumbent (fossil) 

technologies

• extreme subsidies for fossil fuels 

(~500 bn US$/yr worldwide)

• no benefit of emission reductions as long as 

political strategies and state regulations are not in 

place

• comparing TCO etc. at today’s market prices is 

not helpful
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Added Value
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Historical Examples

Technology Advantages Disadvantages

Quartz Watches Accuracy, Prestige, Reduced 

Complexity

Price, Poor Quality

Digital Cameras Convenience, No Film Required, 

Quick Photo Viewing 

Price, Picture Quality, Speed

Hydraulic Excavators Quicker operation and more mobile, 

Convenience, Cheaper Production, 

Fewer moving parts

Cost, Shorter Reach, Smaller 

Bucket, Lighter Load Limit, Lack of 

maintenance infrastructure

Automobiles Prestige, Recreational Uses, Thrill 

seeking

Price, Speed, Reliability, Lack of 

Infrastructure

Steam Ships Larger size, Bigger capacity, Not 

restricted by wind speed

Price, Fuel costs, Speed

eBooks Convenience, Cheaper book price, 

Environmentally Friendly?

Price, Legibility, Reliability 

iPod User Friendly, Mass Storage (1000 

songs), Convenience, Prestige, 

Price, Reliability, Poor Battery Life
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Potential Fuel Cell Relative Advantage

• Quiet Operation

• Zero Tailpipe Emissions

• Long Run Times

• Quick Refuelling

• Scalability

• Fast Start Up

• Minimal User Intervention

• Low Vibration

• Fast Deployment/Installation

• High Fuel Efficiency

• ‘Green’ Image
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Perceived benefits of battery electric vehicles?

Relative Advantage - Consumer Perceptions
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Bloom Energy Servers

• Meet CO2 emission reduction 

targets

• Efficiency

• Low running costs 

• Replace ICE Generators and 

Batteries

• Reliability

• ‘Green’ Image

$800,000 for 100 kW

Importance of reliability

• Amazon.com

• Down for 15 minutes in 2013

• Lost $1-2.5 million in sales

• Google.com

• Down for 5 minutes in 2013

• Lost $500,000 in ad revenue
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SFC Energy- Consumers

• Quiet

• Low Vibration

• Zero Emission

• Reliability 

• Longevity 

• Cost Savings

• Grid independence 

$3000 for 50 W
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• Increased Relative Advantage needed

• Exploit the FC features

• Niche markets can get saturated
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Quadru-Generation

• electricity

• heat

• cooling

• nitrogen-enriched air

source: N2telligence
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Fuel Cells for Fire Prevention

$730,000 for 100 kW
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Conclusions

• fuel cells are a disruptive technology – character 

differs in the various application areas, but 

disruptive elements are always present

• early infrastructure development is key to market 

introduction

• the total value of fuel cells is not reflected in 

today’s market prices

• this can be remedied by regulations or by 

tailoring of (first) fuel cell applications to 

maximised customer added value 
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Consequences

• fuel cell based residential CHP will have a hard time:

- use same infrastructure

- same OEM supplyers

- same products (heat & electricity)

no (little?) observable customer benefit

• fuel cell vehicles need a plug-in hybrid feature to 

address the ‘home refuelling’ aspect of BEV adoption

• level markets are required to monetarise the ‘virtual’ 

advantages of fuel cells – without this fuel cells will 

become mass market commodities only when we run 

out of oil and gas
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Thank you for your attention!

and thanks to everyone in the UoB 

ChemEng FCH group!


