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Opened by French President Nicolas Sarkozy 
in May 2010, the Centre Pompidou Metz, 
located in the north east of France close  
to Belgium, Germany and Luxembourg,  
is as much an attraction as the renowned 
artworks it exhibits.
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BIOGRAPHY
Professor Simon Saunders is founder of the consultancy Real 
Wireless and is founding chairman of the Femto Forum.  He is 
an independent wireless communications specialist with more 
than 25 years of industry experience.  He has worked for a range 
of companies including O2, Ofcom, NTL, BT, Motorola, BBC and 
many others.  He is the author of over 150 books and articles and 
is a regular speaker at industry conferences.  He is a member of 
Ofcom’s Spectrum Advisory Board and a visiting professor at the 
University of Surrey.

STATE OF PLAY
At the time of writing there are 
16 commercial deployments of 
femtocell systems around the 
world. Vodafone’s ‘Sure Signal’ 
femtocell service in the UK has 
had considerable success,  so 
much so that Vodafone has 
recently launched a service 
in Spain, this time targeted at 
business users.  Elsewhere in 
Europe, femtocells are already 
available in France and Portugal.  
In Japan, traditionally regarded 
as the world’s leading mobile 
market, the three largest 
operators – NTT DoCoMo, 
KDDI and Softbank -  all offer 
the technology.  They have 
also been the first to embrace 
advanced femtocell applications. 
Elsewhere in Asia, operators have 
deployed femtocells in China 
(China Unicom) and Singapore.  
In the US, the three largest 
mobile operators – Sprint, 
Verizon and AT&T – all offer 
the technology. According to 

analysts ABI Research, there are 
currently around 60 consumer 
trials internationally, suggesting 
that there will be many more 
deployments will by the end of 
the year.

The concept of bringing the 
mobile network into homes 
and offices turns traditional 
cellular thinking on its head, 
yet the technology holds so 
many benefits for customers 
and operators alike that its 
appeal is undeniable.  As with 
so many technologies, the jump 
from initial concept through to 
commercial reality has involved a 
number of challenges.  However, 
the industry has worked to 
resolve these and, as the major 
commercial launches currently 
taking place testify, they have 
been highly successful. 

The potential regulatory 
implications are not expected 
to impinge on the uptake.  
Femtocells operate in the same 
spectrum as existing networks 

and have the same degree of 
control by the operator, so raise 
relatively few new regulatory 
concerns.  The European Radio 
Spectrum Committee has stated 
that it is reasonable to assume 
that femtocells will comply 
with the existing technical 
licensing conditions and that the 
proliferation of femtocells will 
be supported in the context of 
more efficient use of spectrum.

Informa Telecoms & Media 
has predicted that the femtocell 
market will experience significant 
growth over the next few years, 

FEMTOCELLS

reaching just under 49 million 
femtocell access points in 
the world market by 2014 
and 114 million mobile users 
accessing mobile networks 
through femtocells during that 
year. Femtocells represent a 
major new opportunity for the 
mobile industry and provide a 
service for customers where a 
demand for better coverage and 
faster data already exists. 

Femtocells promise in-home and in-office cellular coverage using dedicated high-speed 3G and 4G cell-phone data service © ip.access

Play your entire 
music collection 
through your 
mobile phone

Use your phone to control 
music and video-enabled 
devices at home

All phones 
connect to the 
home network 
via the femtocell 

Watch a slideshow of 
camera-phone photos 
on TV

Automatic back-up 
of personal data from 
your phone to your PC

Stream video from 
the DVR to your 
phone at high 
speed

Femtocells and the 
connected home



Sponsors
The Royal Academy of Engineering Acknowledges the generous 
support by the following organisations for Ingenia:
• Arup
• BAE SYSTEMS
• Lloyd‘s Register
• Rolls-Royce plc

Published by The Royal Academy of Engineering
The Royal Academy of Engineering, 3 Carlton House Terrace, London SW1Y 5DG
Tel: 020 7766 0600   Website: www.raeng.org.uk   Email: editor@ingenia.org.uk

Registered charity no. 293074

Editor-in-Chief
Dr Scott Steedman CBE FREng

Managing Editor
Dominic Joyeux

Editorial Assistant
Juliet Benning

Editorial Board
Professor John Burland CBE FREng FRS, Derek Hanson FREng, Michael Kenward OBE, 
John Loughhead FREng, Martin Manning FREng, Dr Ian Nussey OBE FREng, 
Professor William Stewart FREng, Professor Liz Tanner FREng, 
Stephen Vranch FREng, Professor William Webb FREng

Director, Policy and Public Affairs
Beverley Parkin

Ingenia welcomes proposals and suggestions for articles that aim to stimulate readers from both 
within and outside the engineering community.  The writing style should be clear, authoritative 
and easy for non-specialists to digest.  Prospective authors should submit a one page outline to 
the Managing Editor, the Editor-in-Chief or to any member of the Editorial Board.

The Royal Academy of Engineering acknowledges the assistance given by the authors of 
articles in this issue of Ingenia and of other individuals and organisations who have made 
contributions.  The information contained in this publication has been published in good faith 
and the opinions expressed are those of the authors, not of the Academy.  The Royal Academy 
of Engineering cannot accept any responsibility for any error or misinterpretation based on 
this information.  The Royal Academy of Engineering does not endorse any product or service 
advertised in Ingenia.  Permission to reproduce text or images from Ingenia should be sought 
from The Royal Academy of Engineering in the first instance.

Ingenia online can be found at www.ingenia.org.uk

Design
Angus Dawson (angusdawson.com)

Print
Manor Printing Services www.manorprinting.co.uk

Ingenia magazine is recyclable. The cover is treated with a recyclable laminate, the inks are 
vegetable oil based and the paper produced under Forest Stewardship Council guidelines.

Advertising and sponsorship
Dominic Joyeux, The Royal Academy of Engineering, 3 Carlton House Terrace, London SW1Y 5DG
Tel: 020 7766 0679 Email: dominic.joyeux@raeng.org.uk

Front cover
A solar eruptive prominence as seen in EUV light through the atmospheric imaging assembly 
onboard the Solar Dynamics Observatory © NASA

ISSN 1472-9768

© The Royal Academy of Engineering and the authors

The Royal Academy of Engineering promotes excellence 
in the science, art and practice of engineering.

Femtocells p20 Photographing the Sun p14

INGENIA

Services growth and education p33

Himalayan school building project p26

Shipping liquefied gas safely p40

Leading
expertise
for a safer
world.

Our reputation is founded on the skills and the experience
of the people who make up our marine, energy, transport and
management systems teams around the world. Our work is
underpinned by a global research and development network
that is continually helping us find new and better ways to
improve safety and quality. We are committed to being at the
forefront of technological innovation and to sharing that
knowledge to help make the world a safer place.

Learn more about our global network –
go to www.lr.org

Services are provided by members of the Lloyd’s Register Group.
For further details please see our website: www.lr.org/entities.



INGENIA ISSUE 44 SEPTEMBER 2010  3 

THE LONG 
LEARNING CURVE

This summer, under the spotlight of 
worldwide media and political attention, the 
world watched as BP worked to stem the 
flow of oil from the Macondo well into the 
Gulf of Mexico following the catastrophic 
blowout on 20 April 2010.  Sealing of the 
well was finally achieved in early August.  
The last disaster of a comparable size in 
the Gulf of Mexico was the Ixtoc I oil well 
which exploded in 1979, spilling oil for 
nearly 10 months. 

The Macondo spill has thrown into 
question the engineering techniques and 
equipment used in deepwater drilling, 
a concept first pioneered in the 1970s.  
Yet drilling in water depths of 5,000 
feet, as at the Macondo well, is relatively 
commonplace.  Technology to drill 
exploration wells in water depths over 5,000 
feet was being developed in the early 1980s.  
Neither was its total well depth of 18,000 
feet unusual – in fact it was only around half 
the well depth of the deepest oil well ever 
driven (in late 2009, also by the Deepwater 
Horizon rig and also in the Gulf of Mexico).  
So it is clear that this type of engineering 
operation is well established, despite the 
fact that the process of deepwater drilling 
technology development over the past 
decades has not been continuous.

Major engineering disasters are quick 
to capture the public imagination and, if 

Dr Scott Steedman

EDITORIAL
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lessons are learnt, can be powerful agents 
for change.  So what lessons can we learn 
from this event?  We know from accidents 
such as the loss of the space shuttle 
Columbia in 2003 that organisational causes 
can be fundamental and the investigations 
into the Macondo spill will need to address 
these in detail. 

However, there is also a wider technical 
lesson to be learnt.  Counter-intuitively, the 
passage of time following the first full scale 
deployment of new engineering concepts 
can increase the risk of disaster – a lesson 
well illustrated by the history of major 
bridge failures. 

Almost every major bridge form in the 
world has failed catastrophically over the 
past 200 years, with each case following a 
similar pattern.  The Dee Bridge, designed 
by the renowned Robert Stephenson, 
was a trussed girder railway bridge built 
some decades after the first introduction 
of trussed girder bridges.  It failed by 
torsional instability in 1847.  The Tay Bridge, 
another type of truss bridge, was designed 
by Thomas Bouch and opened in 1876, 
famously collapsing in a storm due to wind 
instability in 1879.  The Quebec Bridge was 
to be a major new cantilever bridge similar 
in design concept to the earlier Forth Rail 
Bridge, but it failed by compressive buckling 
during construction in 1907.  The Tacoma 
Narrows Bridge collapsed in 1940, despite 
the successful use of the suspension bridge 
design form for similar lengths of span over 
the previous decade.  Additionally, major box 
girder bridges at Milford Haven in the UK 
and West Gate in Melbourne both failed in 
1970, despite many years of prior experience 
with this design form. 

In each case, the disaster occurred a 
decade or more after the introduction of 
the new design solution.  In each case, 
the original engineering concept was 
very conservative but as the number of 
successful implementations increased over 
time, confidence in the design grew and 
boundaries were pushed, ultimately invoking 
a failure that had not been anticipated by 
the designers.

Deepwater drilling is characterised by the 
very high level of dependence on robotic 
equipment for safe operations.  Although 
the significance in terms of increased risk 
of the shift from shallow to deep water 
operations was recognised in the early 
1980s and more investment in research and 
development of deep water inspection and 
repair equipment was called for at that time, 
it is not clear that this was followed through 
over the following decades. 

The risk of an engineering disaster is 
increased by the separation of research from 
practice over what can be a long learning 
curve.  Research and development activity 
needs to follow through the introduction of 
new engineering practices and technologies 
potentially for decades after the first 
deployment to gather data, learn how the 
new solution really works, optimise and 
refine the supporting tools and concepts.  
Only by integrating research skills with 
delivery experience throughout the lifecycle 
can engineering which is pushing the 
boundaries of knowledge manage the risks 
and maximise the benefits of innovation.

Dr Scott Steedman CBE FREng
Editor-in-Chief

The risk of an engineering disaster is increased by the 
separation of research from practice over what can be 
a long learning curve…


