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1. EDP in Spain

#1 4° Electricityproducerand
Portugal Distribution SystemOperator

FirstPortuguesecompanyby market
capitalisation

1 2° Operatorof natural gas
Europe

~ 3 GWof hydraulicprojectsunder
construction

#3

Worldwile

More than 6.4 GW of wind
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1. EDP in Spain
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Flexible generation anc
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2. Conventional approach to storage: price arbitrage

As a first approach, the economics of energy sto@gessessed by price arbitrage

Price arbitrage charging during off peak hours and discharging at peak hours
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2. Conventional approach to storage: price arbitrage

Wind power has growdramaticalyin Spain over the past years

Capacity mix in Spain (%) 2012
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2. Conventional approach to storage: price arbitrage

Now there is a Supply Side Management problem

4 h

16.000 MW

Wind power production in Spain 29.03.2010

Wind power production in Spain 25.02.2010
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2. Conventional approach to storage: price arbitrage
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2. Conventional approach to storage: price arbitrage

Peakand offPeakpricesare gettingcloser the spreadfor price arbitrageis reducing

Spread ¢/ MWh) in Spain
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AExcess of capacity

AThe number of days with a spread good enough to recover costs is reducing
AThis puts more pressure on the economics of price arbitrage
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3. New approach grid servicesand reserves

Threatsand opportunitiesfor energystorage

<<Nome Departamento>>

Energy storage point of view
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3. Newapproach grid servicesand reserves
Windfarmsare far awayfrom demand moregridsare needed

o Demand
“ Wind
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3. New approach grid servicesand reserves

Servicego transmissiont distribution

Rotor angle at transmission line fault
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Butall theseservicegleservea properretribution
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3. Newapproach grid servicesand reserves
Need for fast and longer reserves

1. Futureloadscannotbe perfectly predicted
2. Generatorouputscanvary substantiallyin different time frames
3. Powersystemequipmentcanfail without notice

00000 Forecastdemand

00000

Realdemand

00000
00000

Operatingreserves: reabower capabilitythat canbe given (upward) or taken
(downward) to assistin generationand load balance anfrequencycontrol
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4. Redoxflow batteries are a promising option

Different needs imply different technologies and approaches

What do you needstorageforX K
Largescaleelectricity
storagetecnologies

~— 1

Fastpower quality
applications

4

Improvereliability
power quality and
uninterrupted power
supply(UPShpplications

Energydischarges
from afraction of
asecond

HighPower
Applications
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/ Reserve \
applications

i

Electricpower grid
stability and switching

betweenenergysources

Storedenergyis

usedin minutes
rather than seconds

or hours

BridgingPower
\ Applications

J

Energy
management
applications
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Improve profitability
load leveling, peak
shaving

Energydischarges
that lasthours
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HighEnergy
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4. Redoxflow batteries are a promising option

Powervs Capacity
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4. Redoxflow batteries are a promising option

Pumping and Compressed Air are for the lucky ones

Pumped-Storage Plant

'Main Access Tunnel
;'/ @-Surge Chamber

Lt

| \ Powerplant Chamber

J Breakers

Transformer Vault

Pumpinghydro and Compressed\ir EnergyStoragefall apartfrom other technologies

w Heavyrelianceon geology(site dependen)
(Portugal, AustriaSwitzerland Slovenia

w Massivecapitalcostsandlongcomissioningeriods

w Maturetechnology

w Enviromentalssuesnvolved

Othertechnologiesare neededto addressthe storageproblem from adistributed & site-independentapproach
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4. Redoxflow batteries are a promising option

Redoxflow battery
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4. Redoxflow batteries are a promising option

Capacity costs and power costs are independent

RedoxFlowBatteriesshowbetter costperformancefor large systems

o

Cost .
Benefitover

other
technologies

Powerdependent
costs

& EnergystoredkWh
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4. Redoxflow batteries are a promising option

Redoxflow batteriesshow moreopportunitiesto bring costsdown

Tendencyof publishedpatents showsbetter perspectivefor RedoxFlow Batteries
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From a fire incident in 2011 NGK has asked nearly every customer to suspend the use of NAS batteries c

restrict its use
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5. Redox2015 project

Consortium and funding
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AObjective developa VanadiumRedoxFlowBatteryby spanishpartners

Mudget:2,7 Me Funded by the Economy and
Mrojectlength: 27 months(2011:2013) competitiveness Ministry of Spain wit

FEDER funding from the European
Commission
(IPT2011-1690-900000)
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