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EEP11 — REPORT ON RENEWABLE ENERGY SOURCES
AND FUEL CELLS

The enclosed articles show ongoing industry developments in batteries,
photovoltaic solar energy and fuel cells that will filter into AtoN applications in
due course.

An interesting article on an application of Artificial Muscle to power a buoy
may also be of specific interest if it proves cost effective.

Moray Waddell
10 March 2008
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The Energy Blog
The Energy Revolution has begun and will change your lifestyle

Angust 68, 2007
Artifical Muscle Produces Ocean Power

‘SRI Interational has amounecd the deployiment of a prototype buoy-

' mounted, oeean wave-powered generator off the coast of Florida in the

¥ Tampa Bay. The electroactive polymer artificial muscle (EPAM™)
technology is uged to produce eleetricity as they bob upand down attached
to buoys, The deploymetit is part of a program spoensored by HYPER
DRIVE Corporation, Ltd., a Japanese company focused on development

b and deployment of wave-powered generators aronnd the world,

The wave-powercd generators can be deplayed on existing ocean buoys
that use batteries as their energy source. The new generator ntilizes
patented electroactive pelymer artificial musele (EPAM™Y technology, and
offers a renewable method to continyally power ocean buoys, The bouys
will be equipped with instrumentation that allows remote monitm'ing of
the generator’s output energy as well as wave height and buoy motion, SRI
| is working with Artificial Musgle; [ne., an SRI spin-off company and the

d :xclusive licensec of EPAM; in the development of the EPAM compaonents
for the wave-poweregd generators.

The generator, initially deployed on a navigation buoy for ports and harbors, is eapable of generating 20 joules
of energy per stroke, which corresponds to an average outpul powerof more than 5 watts under typical teean
wave conditions. The currént developinent progrim aims at developing generators that can produce 25 watts
of average outpat power. This is sufficlent to supply all the power required by navigational buoys. Tuture
efforts will address the design, development, and deployment of wave-powered generators eapable of
generating power in the kilowatts range for large-seale clean energy production.

Areording to the company website:

FPAM pets significant displacement from this elecirostatic pressure as compared to other technologies,
The overall displacement is a function of the area of EPAM, and the force exerted is a funetion of the
number of layers of EPAM. These layers can be constrnctéd in multiple planar configurations,
Furthermore, the electrode layer of the EPAM ¢an be patterned to achieve specific envetopes of motion.

To date, AMT's work in EPAM™ generators has focused on small amorints of power. Typical power
generation has ranged fromw | 1o 50 W. There are many potential generator applications for diclectric
elastomers at these smaller power levels.
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;—H—| N . 3 1_—1'1‘—“”
‘Didactre EAPSTRETGHED -+

. Energy =% QF (1/G- 1/C) s
G= g 8g % fim-argaffim o
thicknass

EAP RELANED

On June 5, 2007 Artificial Muscle, Ine., (AME), a privately held company in Mento Park, CA, announced i $20
million Series B round of financing. AMT will use the funds for ramping up its high volume manufscturing and
operations, new product development, and marketing and sales resources to support the plau for initial

hitpzfithetraserdomain.typepad_comienergy! 2007/0%/artifical-musc.html [(#0372008
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TrackBacek

TrackBack VR, for this puley:
http:/ feww. typepad.com/tfrackback /316057 /200671018
Listed helow are links 1o weblogs that reference Artifical Muscle Produges Ocean Power:

Commenis

Thevp are & nuiber of different companics out there working on ways to gel energy from the aceun. One Lhat | like is this
nne:

hitp:/ fwwow.ovennpd.comydefault.hitm]

where they ave trying to generate commereial gquantities of electvical power from wave motion, There are several othevs.

Posted by: ervic | Augusl o8, 2007 a1 05230 PM
This is interesting but one has to redlize that the ampunt of power heve is only enough to light a candle sized lamp. This is
not relevant to power generation tonost of those who follow this Blog.

Posted by: JohnBo | August o, 2007 ul t0:41 PM
Not much power just o light a buoy, bul 4t least it saves the effort of having to go replace the batteries periedically. [ was
wondering ifthis technology had a poteutial for sealing up, or if il really is just for lighting buoys.

Posted by: Clee | August 04,2007 a1 (3:45 AM

contldn't they put a wind turbine on there as well?

Posted by: Golden Boy | Angust 04, 2007 st 09:57 A

{ dosubst this technolopy ean be sealed up and be campetitive, Its big advantage is wo moving parts... well almosts It does
stress and relax the element bul that is very simple. This is just a novelty from what 1 can see. A wind generator would
weork but prohably has more maintenance. PY solar with a battery is likely the most common Tow priveer sonree far isolated
locations.

Posted by: Johnla | Augus! 11, 2007 at 62:03 AM

http:#thefraserdomain.typepad.comicnergy/2007/08/artifical-muscel.homl i (/02,2008
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Photovoltaic focus

Researchers get £6.3m for solar cell development.
Graham Pitcher reports.

| into photovoltaic solar energy. The £6.3million PV-21 programme will focus an making thin
/ film light absorhing cells for solar panels fram sustainable and affordable materials, Funding
is heing pravided by the Engineering and Physical Sciences Research Council.

Fight universities and nine industrial partners will pursua the ‘medium to long term goal’ of
making solar energy more competitive and sustainable. At present sotar cells ave made from key
components such as indium, which costs £320/kg.

Principal investigator Professar Ken Durose, from Durham’s Department of Physics, said: “Some
of the materials currently used may not be sustainable in 20 years time, which is why we have to
conduct research into alternative materials that are cheaper and more sustainable. We are also
leading the wayin making ultra thin solar cells that need less material.”

To cut production costs, the team will work to reduce the thickness of the cells, According to the
researchers, making a solar semiconductor thinner by 1um in solar cells generating 16W could save
50 tonnes of material, Researchars will also experiment with sustainable low cost materials,
nangtechnology and dyes on ultra thin silicen to capture more energy. -

Atem led by Durham University is embarking on one of the UK's largest ever research projects
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‘Emerald’ Green Power at Seawork

Sailing yachis may not have
heen as cammonplace as tugs
and pilot boats on the Seawork
Noating ponteon last month
but the Beneteau 411 Emerald
had lots to show with regard to
the likely fulure of marine on
hoard power.

[ is the first instaltation of a
tkW fuel cell onto a yacht and
provides Voller Enargy, specialists
at providing clean fuel for the
marine industry, with an jnitial
public platform to showcase
their product ahead of its offieial
taunch at the Marine Equipment
Trade Show (METS) in
Amsterdam later this year.

Using a Beneteau Oceanis
411, a popular design of family
sailing yachi, atlowed Volier to
dernonstrate the benafits and
praciicalities of their fuel cell
generator under typieal usage,
whilst also highlighting its
retrofit market potential to
Seawork visitors.

Quick and easy to install, the
fued cell system can be fived to
the existing wiring in a boat,
The system apetates from Culor
Gas, liquefied petroleum gas
(LPG) or propane and does not

need proprigtary fuels such as
hydrogen or methanol, The system
will ftt comfortably in an afl
locker nermally used fora
conventional generator.

Voller’s foel cell generator
is safe and economical. It works
by aurmatically menitoring
battery voltage. When the
voltage falls, it aiitomatically
switches itself an and recharges
the batteries. Once the batteries
are fully charged, the fuel
cell switches itself off 10
eonserve fuel. The generator
also provides hot water and
heats the cabin.

Valler's chief execulive
Stephen Voller said, "Our fuei
cell penerator will completely
change the way Lhal peeple
sail. Mast skippers are nsed
1o wening everyihing off to
conserye power. With Voller
that will no longer be necessary.
They can use an electric kettle,
enjoy an ice cold beer an board,
and no longer have 1o worry
abaut switching lights on. in
short, with the power burden
removed, sailing will become
even more pleasurable.”

MJ Information Me: 23208

Tha fuel cell is neally inséalied on Voller Enargy’s yachl ‘Emerali’

Photo of fuel cell by Patrick Eden.

mMJ

B Large-scale re-engineering
Service Center Denmark

Kily 2007 53
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Will solar power
make a significont -

vl energyneeds?

manufaclusing cosls
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mangsr the scncnuﬁc commumry

‘Bellamy. He is keen o
1ugl1hg[1r solar power as a solution, “Ics mot about
putting solar panels.on builditigs,” he believed. “I's
about providing power for peaple who dont have
energy; theres no point in extending the mobile
phone neework to the developing wotld if there’s no
mains electricity to plug the chargers inro,”

G241 has licensed dye sensicised thin film solar
technology from US company Konarka, [r's been
working on taking the technology from the lab w
the point of production. Although the plant isabour
to seare manufaciure, the company is planning whar
it says is 'significant expansion’ in capacity next year.

olar se

grotechnology,” Bellamy
unlly wo technologies:
e inorganic dye.”

,QIrng being spec1a| for twa
W light rechnology,” said Bel-
solar rechnologies do anyching

pect [hst, rhen tncd to scale their pracess.
the challenge,” he betieves, “is to bring the price

- Ecéown to $1/% and you can only do thar with vol-

ume.” And G24i is using a rell to roll process,

“Teadiional madules aze units and therefoee
manufactured i a batch process. Qur process allaws
modules to be ‘churned out” just like newspapers.”

Jef Poortmans, ditector of the Solar + programme
at Belgian tesearch centre IMEC, says the organisa-
tion i using its semiconductor expertise to boost
sustninable energy generation. It has rwo main areas
of interest: crystalline silicon solar cells; and organic
semiconductor based devices,

And he sees good prospects for photovolraics
(PV). “The PV marker is booming,” he claimed,
pointng eo a recent PV event held in Milan. “There

were 500 conipanies exhibiting and 30,000m° of

exhibition space,” he claimed.

New Electranics www.newelectrenics.co.uk 27 Movember 2007
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JOLAR POUER

Above: Belgion resecrch
centre IMEC is locking at o
range of orgonic semicenduc-
tors Tor use in solar cells.
Below: G24i has buil an
18,000f? plont to mamufaciure
organic salar cells on a
1000m long subsirate. The rolf
o roli pracess.Is set fa enter
velume produchion riext yaar.

Thi Almaden solar projec in Spain, being built by
enetgy company Selucar, is diming to generale
20MW of electricity, enough to power 12,000
homes.

The project will use 1255 heliostats with a surface
area of 152,000m2. These will congentrate solar
radiafion on fe o receiver positioned on lop of o
155m tower.

mote efficiently. For that reason, projects such as the
solar tower in Spain (see panel above) are seen as
more attractive — at least for the near future.

Two potential solutions

IMEC is looking 2t ewo ways of making organie
solar cells. In the first approach, polymiers are dis-
solved in a solvent and the solution applied to a foil
substrate, The solvent is eviporated, leaving a semi-
conducror filin. The result, said Heremans, is « bulk
heterojuncrion. However, one elecrrode would need
ta be evaporated in a vacium, which means the
process is ot yet continuous,

The other appraach uses small molecules evapo-
rated on & foil. “These form dense films and are
more relible,” Heremaiis believed. Multiple layers
are more easily formed with this appreach, bur it
does ner allow the creation of a wue bulk hetero-
juncrion.

“The best efficiency with this approach is less
than 5%," Heremans noved, “but we nead to reach
8 to 10% before productisation and we expect majer
improvements from new materials.”

Bellamy is keen w point our thar G24i is not
interested in developing the basie science; it focus
is on manufacturing and production, “And chars

o

COVER STORY

where most research falls ever,” he claimed. “In
many cases, the efforr is muking the solar cells more
efficient, rather than making the process commer-
cially vinble. Although there are lors of dye sensitive
tesearch sires, nobody is doing it with a view to mass
production.”

Bellamy’s observation about pursuing manufac-
turability racher than performance is underlined by
the facr thar G241s modules are only 4% efficient.
“But, beeause they produce energy all day,” he con-
tended, “they produce more energy per peak Wart
than any other approach.”

Although G241 prothicts will help address eli-
mate change, Bellamy saps ics more abour personal-
ising energy ‘just like the mobile phone personalised
communications’. “We can provide a solution for
thase need energy, but you need to step back and
look ar why we all usé energy. In the developing
warld, its enabling rechnology; here, ifs plug into
the wall and thatmneans burning oil, generatding CO,
and so on.”

Bellamy sees solar power as 4 soludon, “The
end user isn’t cancerned with $/W, its how much
energy is produced. Solutions are about providing
communications, security and so on, People don't
buy solar on fts own, just like you don’t buy a bar-
tery; you buy a bacery to put inwo semething.
Bringing the end user into the energy equation is
essential.”

Bellamy believes some 1.3billion people don't
have access to a reliable source of power and the
solution is erganic solar cells, rather chan their
crystalline silicon bused relatives. “It doesn't marc-
ter how cheap you make crysealline silicon, you
can’t make enough of it. There’s no poine in mak-
ing, say, 10,000 pares; the macker will want mil-
lions and we have the porencial o make this

volume,” he concluded. O

c

New Electronics www.newelectronices.co.uk 27 November 2007
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IMEC’s invalvement - and thac of similar organ-
isations — is seen by Poortmans as obvious. “Semi-
conductor device expertise and  processing
equipment expertise is an asser; particularly for erys-
wlline silicon, In fact, many mivroclectronics com-
panies are building their PV activities.”

IMEC is participating in a broader Furopean PY
approach. Poortmans explained: “The Furopean 'V
rechnology plarform was established in 2003 o cre-
ate a strategic rescarch agenda. The firse version of
this is now available.”

The European PV effort is intended to promote
the rapid development of a woild class cost com-
petitive industry in Europe for sustainable electric-
ity producrion. An important pare of the work is to
create suong links berween industry, rescarch and
che market.

Cost competitive target
The plan lays out targets for PV technolagy in terms
of €/W. A typical rarnkey system is expected o cost
€1/W in 2030, compared to at least €5/ today. ln
the longer term, this is expected to drop 1o €0.5/W.,
Solar generated electricity is predicted to cost
£0.06/W in 2030 and o be broadly cost competi-
tive with wholesale electricity,

Because of the relatively high cost of elecrricity in
[taly, sofar power is alveady at cost paricy. Bur pro-
jections claim thar, by 2030, solar power will be as
cheap as conventionally generated electricity in most
of Europe — even in the north of Norway, However,
for sular power to be competitive ar nerthemn lati-
cudes, efficiencies must increase substantially.

(240 technology is relatively simple. The mod-
ule comprises an negative elecrrode made from rita-
nium foil and 2 transparent conductor layer.
Titanium dioxide powdet is painted onto the Ti foil
and this acts as a support system for the ruchenium
based dye. When light hits the dye, electrons are

encrated and collected by the conductor layer.

“The TiQ, particles are very Fine and very
porous,” said Bellamy, “which maximises the
surface area.” :

G241 produces cells on a 305mm
wide flexible substrate which can be
ap to 1000m long, The 305mm gy
allaws 24 of the 12.5mm wide §

other. Volege is produced across

the width of the substrate, whilst

current is proportional ro length.
“We can then configure mod- g

ules,” Bellamy condinued, “Tf you want

to charge a lithium bawery, you need 5V,

so we split the substrate to make two 12

cell wide modules.”
IMEC fellow Paul Heremans is leading

Far smie years, the concept of using a space based solor orray to copture energy, then
Honsmit it back to Earth, hos heen considered, such es the Sun Tower concept devet
oped some yaars ago by NASA and pictured here.

A number of schemes hove been put forward, with arrays of various sizes, Energy
would ba iransmitted by microwave or laser 1o o receiving stafion on the surface and
cofivarted there Tnfe elecricity.

organic solar cell development work at the research
centre and admies this work is furthest away from
industrialisation of IMECS current solar projeces.
Amongst the challenges he sees is the need o reduce
thee cost of solar to $1/W, or €0.5/W. “Organics can
meet this gaal,” he believes.
However, the processes required
to make organic salar cells are very g
different to those used to make ‘ra- R
ditional’ semiconductors. *We're look-
ing ar using substrates such as plastic’
foil,™ he remarked, “and paper is possi-
ble. Bur most processes take place near®
room emperature, so have a small encrgy W
budget and are environmentally friendly.”
The latcer point is imporant, as-§
some observers see solar cell effi- '\
< ciency as a secondary cansidera- 'Y
tion, with embodied energy as
the primary one,
If you rake a 20% efficient
isolar  eell, which needed
N 400kWh For manufacture, and
1a 15% efficlent cell which
| needed only 50k'Wh, observers
I say the laceer is the beteer bet,
7 hecause it produces net energy
more quickly and chus has a herter
EROFI figute - erergy returned on
22 cnergy invested. So the solar PV industry

Ahave: G24i believes solar
cell lechnology wili enable
solulions, such as the mobile
phone charger example
shown here.

is not only being challenged to boost the efli-

ciency of its products, but also ro make them




