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1. EDP in Spain
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4º Electricityproducerand 
Distribution SystemOperator

2º Operatorof natural gas 

First Portuguesecompanyby market
capitalisation

#1 

Portugal

~ 3 GW of hydraulicprojectsunder
construction

#1 

Europe

More than 6.4 GW of wind 
capacity

#3

Worldwile
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1. EDP in Spain
Innovationstrategiclines
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Flexible generation and 
with high availability 

Electric mobility

Energyintelligence

Environmental
innovation

Gridsand storage
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2. Conventional approach to storage: price arbitrage

Price arbitrage - charging during off peak hours and discharging at peak hours

As a first approach, the economics of energy storage ar assessed by price arbitrage 
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2. Conventional approach to storage: price arbitrage
Wind power has grown dramaticalyin Spain over the past years
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Capacity mix in Spain (%) 2012

Wind power + photovoltaicshad reached 
the 25% threshold in Spain



<<Nome Departamento>>

2. Conventional approach to storage: price arbitrage

Wind power production in Spain 29.03.2010

Now there is a Supply Side Management problem
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Actualmente recortes debidos a Balance de Energía
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25-Febrero 2010:{ƻƳŜǘƛƳŜǎ ǿƛƴŘ ǇƻǿŜǊ ƎǊƻǿǎ ŀ ƭƻǘΧΧŀƴŘ Ƙŀǎ ǘƻ ōŜ ŘƛǎŎƻƴƴŜŎǘŜŘ

æP

6.000 MW

4 h

Wind power production in Spain 25.02.2010
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2. Conventional approach to storage: price arbitrage
{ǳǇǇƭȅ άǇŜŀƪ ǎƘŀǾƛƴƎέ ƛǎ ǘƘŜ ǇǊƻōƭŜƳ ƴƻǿ
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2. Conventional approach to storage: price arbitrage

ÅExcess of capacity

ÅThe number of days with a spread good enough to recover costs is reducing

ÅThis puts more pressure on the economics of price arbitrage

Peakand off Peakpricesare gettingcloser: the spread for pricearbitrageis reducing
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3. New approach: grid servicesand reserves
Threatsand opportunitiesfor energystorage

12

Needfor quicker
and longer
reserves

GridServices

RES have
reducedenergy

spreads

Energy storage point of view

Intermittent  
incontrollable 

generating 
capacity
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3. New approach: grid servicesand reserves
Windfarmsare far awayfrom demand: more gridsare needed

13

Wind

Demand
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3. New approach: grid servicesand reserves
Servicesto transmission& distribution
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ContingencysupportInvestmentdeferral

FrequencycontrolVoltagecontrol

Gridstability

Chargemanagement
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Butall theseservicesdeservea properretribution
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1. Futureloadscannotbe perfectly predicted

2. Generatorouputscan varysubstantiallyin different time frames

3. Powersystemequipmentcan fail without notice

3. New approach: grid servicesand reserves
Need for fast and longer  reserves

15

Forecastdemand

Real demand

Operatingreserves: real power capabilitythat can be given(upward) or taken
(downward) to assistin generationand load balance and frequencycontrol
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4. Redoxflow batteries are a promising option
Different needs imply different technologies and approaches
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What do you needstorageforΧΚ
Large-scaleelectricity
storagetecnologies

HighPower
Applications

HighEnergy
Applications

Fastpower quality
applications

Improvereliability
power quality and 

uninterrupted power
supply(UPS) applications

Energydischarges
from a fraction of 

a second

Reserve 
applications

Electric power grid
stability and switching

betweenenergysources

Storedenergyis
usedin minutes 

rather than seconds
or hours

Energy
management
applications

Improveprofitability
load leveling, peak

shaving

Energydischarges
that last hours

BridgingPower
Applications
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4. Redoxflow batteries are a promising option
Power vsCapacity
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Energymanagement
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Pumpinghydroand CompressedAir EnergyStorage fall apart from other technologies:

ω Heavy relianceon geology(sitedependent)

(Portugal, Austria, Switzerland, Slovenia)

ω Massivecapital costsand longcomissioningperiods

ω Mature technology

ω Enviromentalissuesinvolved

Other technologiesare neededto addressthe storageproblem from a distributed & site-independentapproach

4. Redoxflow batteries are a promising option
Pumping and Compressed Air are for the lucky ones
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4. Redoxflow batteries are a promising option
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4. Redoxflow batteries are a promising option
Capacity costs and power costs are independent

21

EnergystoredkWh

Cost

Powerdependent
costs

E1

Benefitover
other

technologies

RedoxFlowBatteriesshow better costperformance for largesystems
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4. Redoxflow batteries are a promising option
Redoxflow batteriesshow more opportunitiesto bringcostsdown
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Tendencyof publishedpatentsshows better perspectivefor RedoxFlowBatteries

NaSbattery VRF battery

From a fire incident in 2011 NGK has asked nearly every customer to suspend the use of NAS batteries or 
restrict its use
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Consortium and funding
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ÅObjective: developa VanadiumRedoxFlowBatteryby spanishpartners
ÅBudget:2,7 M ϵ
ÅProject length: 27 months(2011-2013) 

5. Redox2015 project

Funded by the Economy and 
Competitiveness Ministry of Spain with 

FEDER funding from the European 
Commission

(IPT-2011-1690-900000)


