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Editorial

Leading this Issue are two articles developed from talks at the Applied
Physics and Technology Division event OSustainableEnergy: New Solutions
from Physics and EngineeringO held in October lastyear. We are very
grateful to Ole Thomsen and John Kilner for adapting their excellent lectures
for the Newsletter. In addition, weOd like to thank.iz Gallagher B editor of
Environmental Physics Web P as OleOs article is jotly published with IOPP.

We donOt have a ChairOs Notes section in this nevester. Instead,
Simon has concentrated on a timely book review which gave him an
opportunity to examine the linkage between energy use and economic
activity; highly relevant to the present major economic upheaval. We will
have to wait and see if the policies and promises of Obama and Brown to
bring about Ogreend jobs are more than rhetoric. IFace Herring and Steve
Sorrell®s book is on the so-called rebound effectwhich Steve wrote about in
Issue 26.

The UK Research Councils have recently announced the renewals
of three major energy research consortia: the UK Energy Research Centre
(UKERC), Highly Distributed Power Systems (led by Strathclyde), and Fuel
Cells (led by Newcastle).

The UKERC office is at Imperial, with the rest of the core work
programme distributed between: Aberdeen, Bath, Cambridge, Cardiff,
Edinburgh, Exeter, Kings, Oxford, Plymouth Marine Laboratory, Rutherford-
Appleton, UCL, University of East Anglia, and York. UKERC programme will
continue to bring together engineers, economists, physicists and experts in
environmental and social sciences to tackle energy issues. UKERC receives
£18.5m over the next five years, with 40% of its budget for researchers
outside the Centre who will be able to apply for funding for specific projects.
This is particularly welcomed by others in the energy research community

Colin Axon

This newsletter is also available on the web and in larger print sizes.

The Energy Group website is http://eg.iop.org

The contents of this newsletter do not necessarily represent the views or
policies of the Institute of Physics, except where explicitly stated.

The Institute of Physics, 76 Portland Place, W1B 1NT, UK.
Tel: 020 7470 4800 Fax: 020 7470 4848
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Wind turbine blades — design and performance’

Professor Ole Thybo Thomsen
Department of Mechanical Engineering, Aalborg University, Denmark.

We live in an era of energy uncertainty and the days of cheap and
abundantly available energy are over. The industrialised world is running out
of indigenous fossil energy resources at a time when a paradigm shift in
energy prices is occurring. It is clear that this century will be characterised
by intensified competition for energy which will inevitably push up prices,
lead to periodic scarcity, and precipitate a scramble for reserves among the
world®s main economic blocs. Moreover, the dependeay on imported fossil
fuel has become a threat to economic stability because of the impact of
increased fuel prices on the long term cost base. Finally, and perhaps most
importantly, there is a growing awareness of the irreversible and potentially
disastrous effects of global warming, which is now generally believed to be
real rather than a myth, and which is generally believed to be caused by the
burning of fossil fuels.

The EU estimates that the imported energy will increase from 50%
today to 70% in 20 to 30 years time. Thus, it is essential that internal energy
resources are developed to the maximum extent possible and that energy
efficiency is promoted too. It is an
EU goal to have 20% sustainable
energy by 2020. At the present
time, the most promising and
mature renewable energy
technology appears to be wind
power. Wind energy will not only
be able to contribute to securing
energy independence and
climate goals in the future, it
could also turn a serious energy
supply problem into an
opportunity through commercial
benefits, technology research,
exports, and employment. To
meet the challenges, the number
and size of wind turbines has

Full scale static test (flapwise bending) of a
- A S 61.5m wind turbine blade RePower 5M turbine
been increasing significantly  (Courtesy of LM Glasfiber A/S, Denmark).

! Published in association with the IOPOs http://envonmentalresearchweb.org
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Special transport is needed for a 61.5m blade for the RePower 5M turbine. Materials:
GFRP/CFRP, weight: 17.7 tons. (Courtesy of LM Glasfiber A/S, Denmark).

during recent years. This expansion is expected to continue, especially with
the installation and operation of very large numbers of turbines in offshore
wind parks serving as large grid-connected power plants. The challenges
related to the development of wind energy cover a wide spectrum from the
social and marketing-related significance and control of wind-turbine-
produced energy, via design and analysis of the technically advanced
turbine components to controls and electronics-related problems.

A number of different wind turbine concepts have been proposed
over time. The first classification refers to turbines with either vertical or
horizontal axis rotor systems. Among the most well know vertical axis
systems are the ODarrieus® and OSavoniousO concéptsiowever, most
modern commercial wind turbines are of the horizontal axis type, and all the
major manufacturers of wind turbine have focused their commercial
programmes on the so-called upwind three bladed aero generatorss. This
choice has been made as a result of a compromise between many factors
including efficiency in terms of energy output, robustness and reliability,
manufacturing, installation and service costs, and generated noise levels. A
modern wind turbine is an advanced power plant consisting of a large
number of parts and sub-systems including: foundations, tower, nacelle with
electric generator and drive train, and the rotor system (including the hub
and rotor blades).

The rotor system represents a substantial part of the cost of a
modern wind turbine B typically 20-30% of the acqubition costs depending
whether it is on- or off-shore. Blades are manufactured using polymer matrix
composite materials (PMCs) in a combination of monolithic (single skin) and

2 http://en.wikipedia.org/wiki/Vertical_axis_wind_turbine
3 http://en.wikipedia.org/wiki/Wind_turbine#Horizontal_axis
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so-called sandwich composites or structures. A sandwich structure is a
special form of laminated composite material composed of two thin, stiff and
strong face sheets (PMCs in this context) separated by a relatively thick,
compliant and lightweight core material. The resulting material assembly
provides a structural element with very high bending stiffness, strength and
buckling resistance, and at the same time very low weight. Current designs
are mainly based on glass fibre reinforced composites (GFRP), but for very
large blades carbon fibre reinforced composites (CFRP) are being
introduced by several manufacturers to reduce the weight.

The size of wind turbines have increased significantly over the last
25 years, from a rated power of 50kW in the late 1970s to multi MW power
plants today. This trend is expected to continue for at least for another
decade. The largest present day wind turbines have rated power outputs of
5MW (or more) and rotor
diameters in excess of 125m.
The motivation behind this is that
larger wind turbines have larger
energy output per unit rotor area
due to increased mean wind
velocity with height. Moreover,
even though larger wind turbines
are more expensive to install and
operate than smaller ones, the
general trend so far has been
that the total production cost per
kilowatt hour of electricity
produced has decreased with
increasing turbine size. Thus, it
is anticipated that wind turbines
with a rated power output in the range of 8-10MW and a rotor diameter from
180-200m will be developed and installed within the next 10-15 years.
However, present design methods, available components, and materials do
not allow up-scaling of the wind turbine blade size (as well as the other
turbine components). Also, the gravity loads on blades increases as the
rotor disk diameter increases, and it is to be expected that these loads will
become larger than the wind loads leading to a significant increase of the
weight and cost of the rotor system. The Ooptimal®ind turbine dimensions
are not known, but it is safe to say that they will depend on the material,
design, and operational characteristics of any given concept.

Several research projects involving manufacturers, service
providers, universities, and research organisations are addressing the

Mounting a RePower 5M prototype, BrunsbYitel,
Germany (Courtesy of LM Glasfiber A/S, Dk).
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challenges and technological
barriers associated with the design,
manufacturing, installation, and
reliable operation of very large
turbines. With a rated power of
about double the magnitude of that
of the present largest devices,
these projects aim explore and
resolve design limits for the very
large wind turbines to be built after
2010. The critical areas for further

development of blades include
innovative  materials  with a
sufficient (static and fatigue)

strength to mass ratio, structural
and material design of rotors,
damage tolerant design principles,
cost effective materials systems
and cost effective manufacturing,
and embedded monitoring systems

The operational RePower 5M: rated power
5MW, rotor diameter 126.3m, hub height
120m. Notice the heliport on the rear end of
the nacelle. Location: BrunsbYttel, Germany
(Courtesy of LM Glasfiber A/S, Denmark).

and smart structure technologies. The development of environmentally
neutral material and design solutions with full life cycle assessment

involving manufacturing,
required.

Technical Sciences.

service life, and decommissioning are also

Ole Thybo Thomsen is head of the Department of Mechanical
Engineering and Professor of Solid Mechanics at Aalborg University in
Denmark. He has led numerous research projects funded by the EC, the
European Space Agency, the US Office of Naval Research, the Danish
Research Council for Technology and Production Sciences (FTP), the
Danish Agency for Science, Technology and Innovation (an institution
under the Danish Ministry of Science, Technology and Innovation), and
by industry and charitable foundations. In recent years many of the
research projects have been conducted with leading wind turbine and
blade manufacturers. Ole is a fellow of the Danish Academy of the
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Materials for Solid Oxide Fuel Cells

Professor John Kilner
Department of Materials, Imperial College, London.

Fuel cells are electrochemical devices for the direct conversion of chemical
energy into electrical energy and heat. There have many advantages over
conventional power generation, making them very attractive as devices to
generate of OcleanO electrical power. They are effent (no Carnot cycle
limitations), quiet and scalable. This means they retain their high efficiency
from W to MW size and are thus very suitable for embedded or distributed
generation. There are at least five main types of device commonly known as
a Ofuel cellO; although there are many similaritieshere are major differences
in the detailed operation of the different types. Their common feature is that
they work on the same principle, similar to that of a battery. However,
instead of a fixed quantity of reactants, as a conventional battery, the fuel
and oxidant are continuously replenished. The most common types of cell
are listed in Table 1 and include the alkaline fuel cell used in the Apollo and
Space Shuttle craft, the Proton Exchange Membrane (PEM) cell which is
widely anticipated to be used in vehicular applications, and the Solid Oxide
Fuel Cell which operates at temperatures in the range 600-1000v4C.

Type of cell Electrolyte Mobile Operating Application
lon Temperature

Alkaline (AFC) Liquid KOH OH 50-200%C Space vehicles
Phosphoric Acid Liquid Phospharic H* ~220v4C Stationary
(PAFC) Acid
Proton Exchange Polymeric film e.g. H* 30 - 100v4C Transport
Membrane (PEM) Nafion™
Molten Carbonate Molten Alkali Metal | CO3” ~ 650%C Stationary
(MCFC) Carbonates
Solid Oxide (SOFC) Ceramic YSZ 0~ 500-1000%.C | Stationary

Table 1 The main fuel cell types.

A more detailed, but readable, description of all the different
variants can be found in the book by Larminie and Dicks'. One important
point to emphasise whilst making general comments about fuel cells is that
the first three cells in Table 1 are often known as the low temperature cells,
and need to be fuelled by pure hydrogen. This is especially so for the PEM
because it relies on the use of platinum catalysts at the electrodes and

! BFuel cell Systems Explained®, J. Larminie and Bicks, Wiley, 2003.
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these can be easily poisoned by the presence of carbon monoxide, a
common contaminant of hydrogen derived for reformed hydrocarbons. The
last two cells, the MCFC and the SOFC, can be run on either hydrogen or
on a reformed hydrocarbon, indeed CO is a fuel for this type of cell. They
are thus fuel-flexible, which could prove to be important in the slow process
of decarbonising the energy supply and the move to a hydrogen economy.

Each cell, which can be either tubular or planar in design, will
produce around 1 volt depending upon the temperature of operation and of
the activity of the fuel and oxidant used. However this is a typical value for a
cell operating on unpressurised hydrogen and air at ~1000¥%C. To draw
sufficient power, the cells are placed in series to produce stacks and
modules of kW to MW size. Stacking necessitates a method of
interconnection between cells which depends upon cell designz.

The purpose of this article is to concentrate on the cells and the
materials from which it is constructed. Figure 1 shows the main elements of
the SOFC: an electrolyte, a cathode and an anode. All these layers are
constructed from ceramic materials and have different functionalities. A very
important aspect of the materials
selection for the active
components of the SOFC is that

external electrical load
2e

they should be compatible both air fuel

mechanically and chemically o

during the fabrication and the 0'\ Anode reaction:

operation of the cells. This means ) 500to BB 0= —1%0,+2¢
. L. Cathode reaction: 1000°C [ 2

that expansion coefficients should 1120, + 26 —0° ;

be matched and that the layers

should not react to produce : I

insulati ng produ_cts at the porous m.ixed/ dense electrolyte porous cermet

temperature or times seen in conducting

fabrication or operation. Figure 1. Schematic of a Solid Oxide Fuel Cell.

Electrolytes

The electrolyte consists of an oxygen ion conducting material with very low
electronic conductivity. Such materials are oxides with large band gaps
which are then made highly non-stoichiometric by forming a solid solution
with a lower valent cation. This substitutional ion is compensated by the
formation of mobile oxygen vacancies in a process often known as OdopingO,
but this term is used in a very different manner to its use in semiconductor
technology because the concentrations used here are much higher B up to

2 OHigh Temperature Solid Oxide Fuel CellsO, S.C.r&jhal and K. Kendall, Elsevier, 2003.
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10 or 20% substitution. Some very interesting defect interactions occur in
these materials as they have very high point defect concentrations and the
optimisation of these materials centres on introducing a large number of
oxygen vacancies whilst minimising any interactions between them.

A widely used group of oxygen ion conductors are the stabilised
zirconias which adopt the cubic fluorite structure shown in figure 2. and
have band gaps of around 5eV. The most common materials are based on
Yttria Stabilised Zirconia (YSZ) formed by the substitution of yttria into the
zirconia lattice which introduces oxygen vacancies. YSZ at a composition of
around 10mol% of yttria substitution has a conductivity of approximately
0.1Scm™ at 1000%4C, but a fairly high activation energy fothe conductivity of
1.1eV. This is quite a usable
conductivity, however, what O—0
is important for each cell is .G o e o g
its Ohmic resistance which ' ik '
is determined by the
conductivity and the il
geometry of the cell. A {
commonly used quantity in
cell design is the Area
Specific Resistance (ASR) b
the product of the resistance (O oamon

LI

and the active area. An ® Z:CATION

often quoted target is for the Figure 2. The fluorite structure of cubic zirconia
cell to have an ASR of showing the cubic oxygen sublattice with the
~0.5! Cm'Z' with 0.15! cm'z a_lterngte occupancy of the oxygen body centres by a
being attributed each to the ~ Z"eemumion.

electrolyte, the cathode, and the anode. To keep performance high and
operating temperatures low, thin film electrolytes are often used. These can
be supported either by the cathode or the anode, or on a separate metal
support. Film thicknesses of 10-15 microns are commonly used. This means
that in order to achieve ASROs of <0.15 cm?, the operating temperature
can range from around 1000¥4C down to ~750%C when usy YSZ as an
electrolyte. High temperatures are beneficial for the electrode reactions,
however, they are detrimental for the durability of the cell due to the many
degradation processes which are accelerated at these temperatures.

Over the past decade there has been a move towards intermediate
temperature SOFCs operating in the region of 800%Cdown to ~550%4C. This
needs a different electrolyte system, such as those based on ceria (CeO,) in
solid solution with other rare earths such as gadolinia or samaria. Ceria is
also a fluorite oxide and has a lower activation energy for conduction than
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zirconia and thus allows operation at temperatures approaching 550%C. The
only problem with using ceria is that it is much more reducible than zirconia

and thus can display high electronic conductivity which short circuits the

cell. Provided low temperatures are used ceria is suitable as an electrolyte,

but the onset of substantial electronic conductivity particularly at the higher

temperatures and at the low oxygen activities found in the anode

compartment can be a problem.

Cathodes
One of the most fascinating components is the cathode. The cathode has to
be electronically conducting to carry the electronic current, porous to allow
gas penetration to the active sites where the cathodic reaction takes place,
and it has to be compatible with the electrolyte. The cathode reaction
(Figure 3) involves the dissociation and ionisation of the oxygen molecule to
produce the oxide ions, and takes place by one of the two mechanisms.

Where the cathode is a pure electronic conductor, the reduction of
the oxygen takes place at the triple phase boundaries (a) where the oxygen
vacancies in the electrolyte, the electrons from the electrode and the gas
molecules all come together. The development of this type of cathode relies
on optimising the micro-
structure. One way to
increase the activity is to
make an interconnected TPB - O, - TPB
composite of the cathode and \m/ \x/ /
electrolyte materials which 'L i
maximises the three-phase o’ o*
boundary length.

The second type of
cathode (b) uses materials
that are mixed conductors,
i.e. they have substantial
ionic and electronic
conductivities, and here the
reaction with oxygen takes
place over an extended area

Cathode

Electrolyte (a)

of the material surface. The (b)
development of this type of Electrolyte
cathode relies upon both Figure 3. Oxygen reduction at the cathode via
compositional and  micro- (a) Triple Phase Boundary mechanism B pure
L electronic conductor, (b) Internal Diffusion
structural optimisation. mechanism © mixed ionic and electronic
Most of the mixed conductor.

10
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conducting materials used for
cathode applications are based
on the perovskite structure.
These are generally to be found
in a family of materials which
have a lanthanoid element in the
OAOQ site and a first row transition
metal in the OBO site (Figure 4), for
example LaMnOs;. The pure
materials have limited activity and  Figure 4. The ideal ABO; cubic perovskite

to improve the mixed conductivity ~ structure.

they are usually made oxygen

deficient by introducing an alkaline earth substitutional on the OAQ site, for
example La;.,SryCo03;(LSC). These materials show some very complex
behaviour as the charge balance required by introducing the substitutional,
is accommodated by both the introduction of oxygen vacancies (giving rise
to the deficiency 8) and by a change in the charge state of the OBO tian.
The value of & changes with the degree of substitution, the temperature,
and the ambient oxygen partial pressure. The materials can show some
remarkable properties and we will use LSC as an example. LSC with an x
value of >0.2 has an electronic conductivity of ~1000Scm™ at 1000%C, but
even more remarkable is the level of oxygen diffusivity which can be >10
®cm®sec™ at the same temperature, a very high level of oxygen diffusivity in
the solid state. These remarkable properties lead to an area specific
resistances for cathodes made of LSC and related materials to be in the
region of 0.1! cm? at about 600¥C. With the drive towards lower
temperatures of operation, many complex materials have been devised with
formulations that include iron or nickel on the B-site, barium on the A-site, A-
site deficiency and mixed transition metals on the B-site. Newer materials
have been investigated with the perovskite related structures in the
Ruddleston-Popper series and double perovskites. The possible
compositions are very large and this has lead some to consider a
combinatorial approach towards the search for new cathode materials.

Anodes

There is much less variation in the materials used for the anodes. The
majority of anodes used in cells today consist of a cermet’ made of the
electrolyte with metallic Ni. Providing the two components have sufficient

3 . . . . . .

A cermet is a composite material composed of ceramic (cer) and metallic (met) materials and
is designed to have the optimal properties of both a ceramic (high temperature resistance and
hardness) and those of a metal (the ability to undergo plastic deformation).

11
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interpenetration to give rise to a percolating network, these anodes have
sufficient electronic conductivity. The anodes need porosity to allow the fuel
into the structure and to let the reaction products (water / CO,) to be
removed. The anodes are formed from a porous composite of electrolyte
and NiO which is sintered and then reduced in-situ. The volume change
taking place when NiO is reduced to Ni can induce considerable strain into
the cell structure. A further problem arises with the thermal cycling of the
cells. Due to the metal content, the expansion coefficient of the cermet
must be controlled, otherwise when the cells are thermally cycled the
expansion coefficient mismatch causes cell failure. Another type of cycling
problem is caused when the cells are in a fault condition, such as an
interruption of the fuel supply. In this case the oxygen partial pressure in the
anode can rise to such a level that the nickel begins to re-oxidise. The
volume change associated with this causes strain in the structure and can
cause cell failure. This process is known as redox cycling and considerable
effort has gone into discovering materials that are mechanically stable in
these conditions. Many of the materials under development are centred on
the perovskite and related materials®, and good progress is being made
towards the application of these newer anode materials.

Conclusions

The materials described in this short article are the subject of a worldwide
development effort as the commercialisation of SOFCOs approaches. This
development is very challenging and is truly interdisciplinary as it involves
aspects of solid state science, electrochemistry, and materials engineering
at all levels from the fundamental to the applied. Solid oxide fuel cells have
an important role to play in the future electricity generation mix, and their
success is dependent upon the continuing development of ionic and mixed
conductors for application in this promising device, but one in which the
materials requirements are very demanding.

involved in research into ionic and mixed conducting ceramics for 30
years and has published over 250 papers in this and related fields of
materials science. He holds of a number of patents relating to fuel cells
and gas separation devices and is the co-founder of a successful spinout
company Ceres Power Ltd.

| John Kilner is the B.C.H. Steele Chair in Energy Materials. He has been
4

* Atkinson A, et al, 2004, Nature Materials, 3, 1, pp.17-27.
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Energy News
We present a round-up of recent energy and energy-related news which
may not always have caught the eye of the mainstream media.

European Electricity Majors Team-up for the UK
EOn and RWE Npower are to build 6000 MW, of nuclear capacity in the UK.
They are forming a 50:50 venture to secure sites being sold by the Nuclear
Decommissioning Authority and take them through the consents process to
build and operate 2-3 new stations. There is no commitment as yet to sites
or technology, but RWE has 3600MW, of grid connection capacity at Wylfa,
and EOn has 1600MW, at Oldbury.
World Nuclear News,
1/1/09

China Takes Delivery of 200MW of Wind
The first 200MW order to Vestas is for 116 850KW turbines for the China
Guangdong Nuclear Wind Power Company. As of July 2008, Vestas had
installed more that 1000 turbines in 13 provinces in China. With the opening
of a new factory complex in Inner Mongolia and a new foundry in Jiangsu in
2009, Vestas will be operating 5 factories in 3 provinces. Vestas also says it
has received another 2 orders for 100MW to be delivered to 2 undisclosed
projects in China.
Renewable Energy Focus,
5/1/09

Home Brew Bio-energy
Drinks company Diageo is to install biomass and biogas boiler to combust
both gas and solid wastes to produce around 5MW at a new distillery in
Roseisle, on Speyside, Scotland. The plant will use distillation co-products:
spent grains and distillation residues. Costing approx £65m, the facility is
thought to be the largest single investment in renewable technology by a
non-utility company in the UK. It will provide around 98% of the steam and
80% of electrical power used at the distillery.
COSPP Magazine
15/1/09

Russian Gas Prices

Gazprom Deputy Chief Executive Alexander Medvedev sees the average

2009 price for Ukraine at below $250 per 1000m?® and ¢.$280 for Europe.
Reuters,
20/1/09

13
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Le Grand Project
EdF plans to invest up to " 50bn in new nuclear power plants worldwide by
2020. Their net financing requirements over that period will be between " 12
and " 20 billion, given the involvement of partners in projects in France,
China, the USA and possibly the UK. Italy is also in view.
World Nuclear News,
1/2/09

Energy Saving for Businesses
The Carbon Trust has launched a campaign to help UK business save
energy by offering interest-free unsecured loans of £5K-£200K to upgrade
or replace existing equipment to more energy efficient versions using. The
Trust says most businesses could save up to 20% on energy bills. The 3
areas for immediate action are energy management, improved lighting, and
efficient heating.
The Carbon Trust,
5/2/09

(Un)joined Up Government(s)
The Scottish Executive has taken delivery of the report of the year-long
public enquiry into the Beauly-Denny electricity transmission line upgrade
between England and Scotland. Nearly 200 witnesses gave evidence over
105 days. Keith Maclean, Scottish and Southern EnergyOs head of
sustainable development said that ScotlandOs target would be missed if a
decision on the upgrade was not taken soon.

Scottish Parliament,

18/2/09

New German Research Institute
The Fraunhofer Institute for Wind Energy and Energy System Technology
will undertake R&D including materials and grid integration. It is to be
located in Bremerhaven, close to offshore wind manufacturers. During 2009,
the Institute for Solar Energy Supply Technology will be integrated into
IWES.
Renewable Energy Focus,
20/2/09

Intelligent Energy e-Library

The e-library brings together the best tools and guides for energy efficiency,
renewable energy applications, and sustainable mobility from 2500 projects
funded by the EC. The contributing programmes include: IEE, Save,

14
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Alterner, CIVITAS, various regional actions, and RTD 2002-2006. The
resource is available at www.iee-library.eu

European Commission,

27/2/09

Toshiba Forms Russian Fuel Alliance
Toshiba (owns 77% of Westinghouse) has formed an alliance with
Atomenergoprom to supply nuclear fuel products and services in Japan and
other Asian countries. They are also looking at the feasibility of jointly
setting up a uranium enrichment plant in Japan, using Russian centrifuge
technology. A further joint project based on ToshibaOs experience in building
nuclear power plants, is to improve reactor design process and construction
technology in Russia.
World Nuclear News,
1/3/09
Squeezing Every Last Drop
British Waterways and The Small Hydro Company Ltd are to generate
210GWh p.a. using the 2,200 mile waterway network. Climate Change
Capital are investing £120m in the 25 schemes, and the process of gaining
consents for the first five alongside river weirs will begin later this month.
British Waterways,
11/3/09

PV Reaches for the Sky
World PV installations reached a record high of 5.95GW in 2008, with
Europe accounting for 82% of world demand. Spain, Germany, USA, Korea,
Italy, and Japan showed the largest market growth. World solar cell
production reached a consolidated figure of 6.85GW, up from 3.44GW in
2007. China and Taiwan increased their share of global solar cell production
to 44% from 35% in 2007. Thin-film production grew 123% to 0.89GW.
Polysilicon supply grew by 127% in MW terms, sufficient to substantially
ease supply limitations in 2008.
Renewable Energy Focus,
26/3/09

Anglo-Irish Interconnector Approved
The Irish Government has given the go-ahead for a £560m subsea cable,
between Woodland, County Meath to Deeside in Wales. It is due to be
completed within 3 years. Ireland has a 40% renewables target.
Commission for Energy Regulation,
29/3/09
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Book Reviews

Local Energy: Distributed Generation of Heat and Power, by Janet
Wood.

Published 2008, 208 pages, ISBN 978-0-86341-739-9, £25.00 (paperback),
Power and Energy Series No. 55, IET, London, www.theiet.org

Earlier titles in this series relate to the IETOs
previous existence as the Institute of
Electrical Engineering and deal with
technical issues in a traditional engineering
manner. The change of name motivated the
inclusion of titles of more general interest,
aimed to include other disciplines and the
wider public; hence this book by an
experienced journalist with a scientific

background. Local

The bookOs cover shows a small Energ\/
wind turbine wedged between two roofs at -~
less than ridge height. The message to the

public is Omicrogeneration®, whereas the ' Janet Wood
message to a wind power engineer Onothing
generated hereQ. Similar mixed messages
appear throughout the book. Yes, there

are important issues tackled well, but sadly,

there are errors and misconceptions also. The overriding subject is the
steady change from central large thermal plant generating ponderously into
high-voltage transmission, to distributed smaller-scale systems generating
and receiving power actively and discretely.

The good news first. Once past the cover, it is clear that distributed
generation is properly interpreted as electricity generation into low-voltage
distribution and local networks. Reasonably, it also includes district heating
networks, cogeneration and combined heat and power. The historical
introduction records how UK electricity supply has moved from a
nationalised industry with central thermal power stations, to a liberalised
industry now including dispersed generation from gas turbine stations, wind
farms, small hydro, landfill gas and domestic, mostly photovoltaic,
microgeneration. The structure of competitive Generators and Suppliers,
and of licensed Transmission and Distribution Companies, is explained,
together with the systemOs administration by the Rgulator. The book is at

16
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its best in explaining the complex structure and market mechanisms,
including, for instance, Renewable Obligation Certificates and their trade,
and the European Emissions Trading Scheme.

There are particular chapters and sections on specific renewables, including
recent commercial developments in wave power, tidal current power, fuel
cells and storage for electricity. Biomass is included, both for cogeneration
with fossil fuels in thermal power stations, and directly for heat. Throughout
the book, there are OpanelsO (OboxesO) describmsg cstudies, which will
undoubtedly interest both experts and the general reader.

Clearly all these subjects relate to established science and
technology, so the author includes many basic explanations. These include
energy, heat engines, the electrical parameters of voltage, current and
power, fuel cells and so on. But why tackle such important and often
complex subjects with not a single sketch, diagram or figure? OK, equations
may be too difficult, but not graphics. It is difficult to understand how the IET
could countenance Otext onlyO explanations. Consagntly, the book fails to
explain basic subjects succinctly, frequently has a misleading colloquial
style and introduces errors and mistakes. For instance, the product of
voltage and current (i.e. OpowerQ) is said to ber@egyo in metals Oelectrons
detach from their atoms and move around®; a generairOs turbine shaft
rotates at O50 turns per second (i.e. neglects tirumber of pole pairs); Ohow
much work can you get done in a secondO; Oenergy used for heat left out of
the equationO (i.e. neglected); a Oheat pump concentrates thenergy to
increase the temperature®. In all these examplesgexplanations are sloppy
and diagrams would have been immensely helpful for all readers. There are
many other instances.

If you want to generate electricity and heat locally by innovative
methods, usually with renewable energy, then the author is keen to help
you. The UK Planning System is explained and help given for obtaining
information and grants. Electrical connection to the grid has to be licensed
by the local network operator, with the possibility of metered export being
offered for sale to a Retailer (called a OSupplieri@ the UK B another case of
bias against microgeneration). Combined Heat and Power (CHP)
explained, usually for industry or large complexes, but also at domestic
scale from gas powered Stirling engines or fuel cells. Wind farms are
included, with more interest given to small-scale turbines. However, the
extreme turbulence of wind near buildings and other structures is not
recognised, with the consequent significant reductions in output of badly
sited small machines. The text tells wind turbine domestic users to locate
the turbines Oas close as possible to the houseO hich is disastrous advice.
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Also with a 1.5 kW capacity wind turbine, the text says Oyou can power
about six to seven three-bed houses in the UKO, wih is at least a factor of
10 too optimistic even on an outstandingly good site and energy-efficient
houses. How do errors like this enter a book from the IET? Sadly, there are
several other examples where practitioners should have checked the text
and reigned in the author.

The book ends with explanations of Carbon Trading and a useful
bibliography. The author is clearly at her best describing such Osoft® aspects
of energy supply, rather than the science and technologies themselves.
Few books attempt to cover the full width of distributed and micro
generation, from machines to financing and regulation. So this book has
much to commend it. My advice is to read it as a newspaper; good for
outline information and inspiration, but poor on detail.

Professor John Twidell,
AMSET Centre,
Leicestershire, UK.

Energy Efficiency and Sustainable Consumption: The Rebound Effect.
Edited by Horace Herring and Steve Sorrell

Published November 2008, 280 pages, ISBN: 978 02305 25344, £58.00
(hardback), Palgrave Macmillan, www.palgrave.co.uk

"FI’Om 1999 tO 2004, the EU'25 Countries Energy, Climate and the Environment Series
recorded residential gas use rising by 14%

and electricity by 11%, these increases | R

despite energy efficiency policies” B what has
gone wrong? Thus starts the concluding
chapter of this book. ODirect reboundd in thegs
context of energy efficiency means that when
a new energy efficient technology is
introduced for a given activity, energy
consumption from that activity does indeed go
down in proportion to the efficiency
improvement, but only initially. There are
many instances where energy consumption of
the activity then starts to increase; it bounces
back up or Orebounds®. An 8W compac e -
fluorescent lamp is equivalent to an ordinary H(f;ceygemngmdstevesmeu “Ik‘
40W incandescent bulb, so the packaging

=\ g _ ol
Energy Efficiency and
Sustainable Consumption
The Rebound Effect

18



Energy Group Newsletter April 2009

proclaims, but what if you leave it on for longer or light more rooms because
of the lower energy costs? Olndirect reboundd onefother hand is increased
consumption in a different activity (p5). For example, cost savings on more
efficient home heating might go towards an overseas holiday.

The book details trends in both lighting technology and its energy
consumption over 7 centuries (pl40). Between 1800 and 2000, light
efficiency has improved by a factor of 1000, however, per capita lighting
(ilumination) consumption has increased six times faster. That is a massive
case of rebound, or rather its more extreme form B ObackfireO B where the
original energy consumption is exceeded (p3). Whether demand for lighting
is approaching saturation would be an interesting question (not answered in
the book) but clearly there is Oan intense desire dr illumination® (p224,
p232).

The starting point for this subject is William Stanley Jevons, who in
1865 first developed his ideas with reference to coal use and steam engines
in the British economy (p138). His central claim is that

‘it is wholly a confusion of ideas to suppose that the economical
use of fuel is equivalent to a diminished consumption. The very
contrary is the truth... Every improvement of the engine when
effected will only accelerate anew the consumption of coal.”

Jevons noted that reduction in coal consumption per ton of iron by two thirds
was followed by a tenfold increase in consumption, this now known as the
JevonsO Paradox. Steve Sorrell is dismayed how reband is virtually absent
from most energy policy documents, notably the Stern Review (p9). He lead
a review for the UKERC that was published in November 2007*. Though |
can see the need for exacting academic rigor to persuade policy-makers to
take notice of an unwelcome factor, | found that report dry and repetitive.
This book is a better read and it includes a diverse range of contributors;
although it asks more than it answers on rebound specifics. Chapter one is
a good introduction, defining terms and the problem, but | recommend going
straight to the last chapter where Sorrell and Herring advance six
“increasingly controversial propositions”as they put it (p241):

e rebound effects matter,

* rebound effects can be quantified,

e policy can mitigate rebound effects,

! sorrell, S, (2007), OThe Rebound Effect: an Assesment of the Evidence for Economy-wide

Energy Savings from Improved Energy EfficiencyO, UKEnergy Research Centre, London.

Sorrell, S, OEnergy efficiency and energy savings Eare we chasing our tail?0, Energy Group
Newsletter, January 2008, IOP, London.
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« JevonsO Paradox holds in important cases,

» efficiency needs to be combined with sufficiency,

e sustainability is incompatible with continued economic growth in rich
countries.

They report that the literature on quantifying direct rebound is sparse: “for
personal automotive transport, household heating and household cooling
within OECD, the direct rebound effect is likely to be less than 30% and
may be closer to 10% for transport.” They add that quantified estimates of
indirect and economy-wide rebound effects are rare, so insufficient a basis
from which to draw any general conclusions (p243). Thus Sorrell and
Herring conclude by making a strong case for more research into rebound,
noting that such research would be no more difficult than estimating the
impact of energy taxes, which is an active area (p244). | part company with
so cautious an approach; the statistics on ever increasing demand for gas
and electricity given at the start prompt greater urgency. As the book notes,
“if Jevons’ Paradox, or its modern variant the Khazzoom-Brookes postulate,
proves to be universally correct, energy efficiency policy will be doomed to
failure!” (p156, p248).

LevettOs chapter traces a fascinating piece of hi®ry on energy
efficiency policy from his time as a civil servant. In 1983 Peter Walker, the
Secretary of State for Energy, rebranded the OEnerg Conservation
Division® as the OEnergy Efficiency Office® (p19Efficiency, rather than
conservation, beautifully aligned with prevailing discourse of managerial
and business efficiency, and most UK energy ministers have milked the
political benefits of energy efficiency ever since. But efficiency, unlike
conservation, has no cap on energy consumption. Norgard (chapter 10)
points out that Denmark “is one of the few countries where the term ‘energy
savings’ has survived, even in policy debates” (p211). Statistics appear to
substantiate this point B Denmark has maintained canstant energy demand
over the past 30 years, while its GDP has grown by 70% (p205). Herring
asks what difference green consumption can make. Research in Sweden
has shown 10-20% energy reduction can be achieved, but only in the short
term. With even modest economic growth at 1-2% per year, would these
reductions soon be outpaced (p235) by the rebound problem? Does
rebound stem from the commitment to economic growth of most
economies? Norgard compares other measures of welfare and progress
(p213) such as the Genuine Progress Indicator (GPI), the Happy Planet
Index (aptly abbreviated to HIP) and the Index of Sustainable Economic
Welfare. GPI in the States is now the same as in 1970 despite a doubling of
GDP. Central American countries score the highest for the HIP because
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they manage to combine a long life expectancy and high life satisfaction

with a low ecological footprint, while most Western countries are near the

bottom on this scale. Norgard goes on to discuss OsfficiencyO as some
upper limit of what we actually need in a developed country. Recognition of

this might help to stop the addictive growth, “Political and economic thinking

in a sufficiency based steady-state economy will be very different from that

at present” (p220).

These more balanced views are all very well, but perhaps the way
Oluxury® consumption fulfils deep psychological nds is too widespread
(p252). Or maybe consumption growth is driven by relative income
differences. In 1980, the OECD noted that DenmarkOsigh equity of income
was hampering” consumption growth. What we now might laud as highly
desirable, the OECD was actually warning against (p218), such was, and
still seems to be, the fundamental belief in growth.

In chapter 8, Jalas takes a time-based, rather than a monetary-
based, view of consumersO behaviour. He cites theuture “harried leisure
class” fighting persistent time famine, in pursuit of “wealth in time” (p171). |
felt that the evidence he then presented rather undermined this whole
approach. Time-use surveys show that TV watching is the great winner in
household time budgets, whereas TV watching is not among the items that
consumers list as their desired activities if Oonlghey had more timeO (p172)!
Douthwaite and Siochrce are quoted as saying that reluced growth means
falling investments and the ‘“consequence for unemployment terrifies
governments” (p234); that surely is a powerful driver. Norgard provides
some important statistics on the working week. Work time in the 1800s was
about 70h/w (3500h/y). This had fallen steadily to 1500-1600h/y by the
1980s, but has stuck at this level (p215). Employment appears to be a stark
choice between 35-40h/w or zero (p217). Norgard makes some
observations about the implications in energy terms. One hour less work
saves 25kWh (from workplace consumption O total hous worked) (p217).
In leisure pursuits, driving consumes 50kWh/h compared to just 1kWh/h for
reading, though if a consequence of more leisure were to be slower driving,
fuel would be saved. So there is this tension between maintaining low
unemployment and reducing energy consumption, with the former tending
to prevail.

| regard as the chapter by Ayres and Warr as the best in the book,
and probably the most appealing to Energy Group members. Robert Ayres
is a physicist who has been studying the energy component of economic
growth for many years. He and Benjamin Warr start their chapter with a
critique of economics, and its failings! Standard theory assumes growth is
inevitable and cost-free; “In the future, our children will be richer so better
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able to repair environmental damage” (p119). They go on, “Almost nobody
(with the possible exception of a trained neo-classical economist) would
doubt that energy is as essential to the functioning of the global economic
system....macro-economists traditionally underestimate the importance of
energy. Standard textbooks include such curious illustrations as the
theoretical bakery that employs capital and labour to produce bread,
without flour or fuel. The logical consequences of this fundamental
impossibility have been put to a very misleading use, in the mathematical
specification of something called a ‘production function’.” (p120).

Ayres and Warr bring clarity where there appears to be a confusion
of terms. Fuel inputs are conventionally measured in terms of their heat
content but this does not take into account the ability to perform useful work
(exergy). Furthermore, useful work can be divided into three major
categories: muscle, mechanical and heat as delivered to a final point of
use. Energy and exergy having the same units is a source of much
confusion and probably accounts for the fact that most economists have
failed to distinguish clearly between energy (an input) and exergy (an
output). The ratio of output useful work to input exergy is termed efficiency.
Ayres has studied this for the past ten years and shows that, while exergy
has increased by nine times, useful work has increased by an impressive
46 times from the developments in efficiency.

Ayres and Warr have incorporated Quseful workO iesad of energy
in an adapted form of the economistsO production foction. When this model
takes capital, labour and useful work as inputs, it turns out that US and
Japanese economic growth can be OexplainedO quitecaurately throughout
the entire 20" century without the need for an exogenous multiplier
representing Ototal factor productivity® improvemtmnor technical change.
Their chapter includes graphs (p130) that show an extraordinarily close
relationship between empirical and estimated GDP; fIn effect,
improvements in the thermodynamic conversion efficiency act as a suitable
proxy for technical change”. This contrasts the way economics modelling
into the future simply adds a 1.6%/y Otechnology improvement factor®, a
gross delusion if in fact thermodynamic limits are coming into play for
conversion efficiency and exergy in the form of fossil fuels is in decline.

| am surprised that Sorrell is dismissive of Ayres and WarrOs
conclusions. He makes some obscure point about their statistical analysis,
and then comments “freat with considerable caution” (p155).

The above extracts from the book have established that our
economies are slaves to economic growth to avoid unemployment, and that
energy efficiency does not reduce the overall consumption of energy. Some
different facets of rebound are identified though:
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* where basic needs are not yet satisfied, as in developing countries, it
is reasonable for economic growth to take priority. Rebound is
beneficial in speeding up economic development (p220);

» rebound is higher for Ogeneral purpose technologie® (GPT) (p124),
these including the wheel, sail, rope, pot, and plough. Improvement in
GPT aligns with JevonsO original work and could bethe cause of
backfire;

* dedicated energy-efficiency technologies in contrast to GPTs, such as
improved thermal insulation, are less likely to cause rebound,
particularly when used by consumers (p157).

This book casts doubt on energy efficiency, a key component in low-carbon
programmes to mitigate climate change, but Levett offers an approach with
some hope. He emphasises understanding the systemic consequences of
policies, not the economistsOceteris paribus, “if everything else stays the
same” (pl86). He notes, “systems-literate policy-making is the art of
making feedbacks work for you” (p195), and helpfully goes on to sketch a
number of examples.

I strongly recommend this book. Apart from some of the
economistsO contributions that | found totally impeetrable (chapters 3 to 5),
there are several notable essays in this collection. Top of the list is Ayres
and WarrOs including their diagram of the extendedSalter cycle of growth
(p127) linking physical ideas to growth in GDP. This provides a very sound
framework within which to examine the implications of declining fossil
availability.

Dr. Simon Roberts,
Associate Director,
Arup Foresight Innovation and Incubation.

Forthcoming Events

Although we were planning to offer an evening talk in April on nuclear plant
assessment, due to unforeseen circumstances, this has had to be
postponed. We hope to be able to reschedule this event for later in the year.
More positively, we are working on organising half-day meetings on energy
efficiency and another on energy storage. Our programme for 2008 / 09 is
evolving and will be issued as a separate sheet and detailed synopses of
events will appear with the Newsletter and a monthly email up-date.
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Energy Group Contacts
We welcome comments and suggestions for events and items for the
Newsletter.

Chair
Dr Simon Roberts, Arup.
Email: simon.roberts@arup.com

Honorary Secretary

Professor Peter King, Department of Earth Science and Engineering,
Imperial College London.

Email: energygroup.sec@googlemail.com

Honorary Treasurer

Dan Blood, E.ON UK.

Email: Dan.Blood@eon-engineering-uk.com

Newsletter Editor

Colin Axon, Department of Engineering Science, University of Oxford.
Email: Colin.Axon@eng.ox.ac.uk

Webmaster

Dr John Roberts, Department of Engineering Materials, University of
Sheffield.

Email: j.w.roberts@sheffield.ac.uk

Committee
Dr Marc Beurskens, JET-facility UKAEA Fusion.

Dr David Clubb, Rural Development Initiatives, co-opted member.
Dr Jeff Hardy, UK Energy Research Centre, co-opted member.
Jennifer Love

Professor John Twidell, AMSET Centre.

Dr Anthony Webster, JET-facility UKAEA Fusion.
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