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Introduction

The European Battery Industry representegd EUROBAMas put together thidVhite Paperin order to provide
detailed information on the usand advantages of utilising Battery Energy Storage (BES) solutions for renewable
energies. It aimg enhane knowledge about batteries and how they can contribute to society in the context of

0 KS 9 dzNP LIS | gmbitiofisiereygR policgl dicredsed efficiency and reduced Qnissions

This papelacts asa reference document explaining the contribution of the different battery technologies to the
various grid configurations. More targeted publicatiomtl be issued by thelndustrial Battery Committe@ BQ
Taskforce, using this background documesta basito present thekey advantages of using BESspecific
applicatiors.

This White Paperdoes not coverissues relating tcsustainable transportation, suchsdhe value of electric
vehicles' batteries at endf-life. Thiswill be the subject of futur&UROBApublications
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Overviewof the Main Points

Battery Energy Storage is a valuable and sustainable si#ancreasing the integration of renewable eneigia

the energy mix in offjrid, minigrid and ongrid configurations. Tie White Paperillustrates that BES can not only
be used for storing energy, but can also benefit-@sérs such as households, businesses and the electric utility
industrywho areresponsible fothe generation, transmission and distribution of electrical power.

ThisWhite Raper will cover the followingnain points:

A BES contribution to the maimethods ofreducing C@emissions
The White Paper explasnhow Battery Energy Storage cassist in achievingraEU low carbon
economy. Renewable energies are indeed one ofwhgs ingetting there, but there are stilla number
of technicalchallenges toovercome, notably thie integration in the grid, synchronisation between
supply and demandand stabilisation of voltage and frequency, among others. BES has proved to be a
valuable optionin overconing these issues and all@vfor optimised integration and use of the
electricity produced via renewable energy sourc€ase studiesre included showcasng different
situations where battery energy storage systems were used successfully.

A BES supportinggnd-users andhe electric utility industry
In addition to the advantages related to RES generation, integration and distrib&adtery Energy
Soragehasbeen showrto be beneficial to endisers and teelectricity providersas well.Using BES can
help and benefit endisers, both households and industiy outage period, peakshaving, or charging
and discharging cycleBatteries haverovedto enhance the availabilifyguality and security of electric
power. In many countries, theurplusenergy that is stored can also be sold to grid operatarisich
can represent a substantial source of extra revenue for-esels.For the electricity supplyndustry,
BEScan be used in a myriad of situations (e.g. to follow load, to stalilieeroltage and frequency,
manage peak loads, improve power quality, extend investment upgrades, among otbass) studies
of the different situationsare included in his publication.

A Review of BES technology
An important aspect to mention while explaining the advantage of BES is ttogtetail and review all
the existingbattery technologies (lithium, nickel, lead and sodiuag well astheir key features,
deployment status and outlook. The battery technology roadmap included in this publicattboates
what the current state of each technologg/and how itcouldevolve in the near future.
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1. About EUROBAT

EUROBATS the Association of European Automotivedammdustrial Battery Manufacturers, which represents
more than 30 global and regional companies producing battery energy storage systems or supporting the supply
chain. The Association is the authoritative voice of the industry in EurBpd&ROBATs engagd in policy
discussions with the European Institutions and national governments. The Association acts as an advisor and
reference source for all the information related to the automotive and industrial battery sector in Europe.

The Europeamattery Industry is committed to continuously developing and presenting viable technical solutions
to tackle climate change and reduce £&@issions in the fields of transport and energy supply. In order to do so,
the Association has created a specific taskfortte IBC Taskforce on Renewable Energy Sotreethin one of

the technical committees of the AssociatidBUROBATa LY RdzAGNRFf . FGGSNB [/ 2YYA
developments in European legislation and initiatives and analyse in which wdatteey Industry can assist the

EU in achieving its ambitious targets.

In this context he IBC Taskforce on RES imasstigated emerging technologies in the field of renewable eperg
integration and has concluded that batteries can indeed contribute in manays tothe benefit ofend-users
electric utilitiesandin achievinghe EU Climate Change Packaggrgets

! Hereafter referred to as IBC Taskforce on RES
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2. About Battery Energy Storade

A rechargeable battery is an electricity energy storing system based on electrocheimicge/discharge
reactions. The amount of electrical energy stored in a battery is directly related to the chemical energy inside.
There are numerousarietiesof rechargeable battees, available indifferent shapes and sizes, from button cells
with a fewmilli amperehour (mAh) output to those instationary applications of several megawaftd\W). They

are widely used in portable, transportation (road, train, maritime, aviation) and industrial (motive and stationary)
applications. Several different combii@ns of chemicals are commonly used, deriving from the four battery
technology families which currently dominate the marKetd, lithium, sodium andnickel.

Electrical energy can be stored in different forms as the pesvargy chart hereunder demonstied: pumped
hydro (gravity), compressed air (pneumatic), flywheels (kinematic), thermal storage (hgdtpgen and
batteries €hemica). Theenergypower chart in figre 1 shows the location of the different storage technologies

in relation to the needecenergy capacity (it hour), and power output (\&tt). Storing is not a matter of
capacityonly butalsothe ability to fulfil other functionalities typically related to the charge/discharge models of
a certain application.

Figurel: Position of Different Energy StorageyStems
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SourceElectric Power Research Institqt@/hite Paper Executive summary

2 Hereafter referred to as BES
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BES systems should be distinguished from other storage devices for a number of reasons. First of all, they ar
highly flexible ad can be adapted to high power and/or high energy applications. When correctly selected or
tailored, they are also highly efficient both during use atdtandby. Battery energy storage systems increase

the overall efficiency of current and future apgtions and caralsofulfil other functions in a sustainable way

which will be detailed later in this White Paper
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3. Commitment of the EU Battery Industry to the EU Climate Change Package

At the EU Summit of March 20@&Uropean Union leaders signed tapa binding Elvide target to source 20% of
their energy needs from renewabitaeansby 2020.
The 2007 Summit put forward the following concrete objectives, also known as the Climate Change Package o
the 20-20-20 targets:
A a binding target to reduce EU dssions by 20% by 2020, regardless of progress made in international
negotiations for a posKyoto agreement;
Aado AYRAY3A (I NBSG G2 KIFE@S wm: 2F GKS 9! Qad 2OSNI ff
A a binding target for each member state baveat least 10% of their transport fuel consumptioome
from biofuels; and
A achieving 20% savings in enensumption,compared to projections for 2020.

To make sure the proper legislative framework was in place, the European Commission has preparefl a se
Directives, includinghe sccalled RES 202Directive, which entered into force in June 2009. The Directive
requires each Member State to adopt a national renewable energy action plan (NREAP), detailing the national
targets for the share of energydm renewable sources consumed in transport, electricity and heating and
cooling in 2020 and adequate measufesachieingthese targets. The Member States wai@en Jun€2010as
adeadline to present their national renewable energy action plan

Thisambitious package and thesultinglegislative framework hze led to the development of many platforms

for the exchange of knowledgen technologies in the field of renewable energi€&@JROBATas followed the
process closely and engaged actively with tBeropean Photovoltaic Industry Association (EPIA). A Joint
EUROBAT EPIAWorking Grouphasbeen in operationsince 20070 define value streams for battery energy
storage in different PV market segments, based on real operational modelsie$ulks of this joint working
group were usedasinput to the European Commission' Strategic Energy Technology PlaRlé®fEnd the
solar initiativegherein.

Another example of coperation with other associations is the partnership with the Alliance for Rural
Electrification(ARE)EUROBAIE partnering with ARE in the development of roadmaps for differengoéf and
mini-grid configurations in developing countries

In addition,EUROBAIas also builup a close relationship with the European Wind Energgo&iation (EWEA),
especiallywith regard to the implementation of the EU Wind Industry InitiativEUROBAS objective is to
position battery energy storagas a key element in supporting renewable wind energy souaoeldo highlight

® Directive 2009/28/EC of the European Parliament and of the Council on the Promotion of the WeegyffEom

Renewable Sources of 23 April 2088y://eur -
lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2009:140:0016:0062:én:PDF

* More information @out the SET Plan available lttp:/ec.europa.eu/energy/technology/set_plan/set_plan_en.htm

¢KS Lizof AOFGAZY @9y Ssaidsc Susiivable GodEfied 3 WS K 2R daIM@N & F2 NJ wdzNI
be publishedn June 2011.
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their advantagesud astheir ability to smooththe input of intermittent wind energy which wikad toincreasel
grid integration.

The Climate Change Package was perceived by the Eur@aétany Industry as an opportunity to position a
product which can contribute in mgrways to better and more efficient generation, use, distribution and grid
integration of the different renewable energy sourcEdJROBAIMas therefore soughthe involvementwith the

relevant RES associations in an effort to promote the different advastagd applications of battery energy
storage systems.
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4. BESolutions andBenefitsin MaximisingRES3ntegration (1 kW toSveral MW)

In future, electricity energy storage in its various forms is expected to play armagiegly important role in
shifting trends of energy consumption away from scarce to more abundant and renewable primary resources.
The costs of solar and wind power are partially offset by their potential benefits as distributed electricity
generation souwces. However, even when future development reduces their cost sufficiently, fully widespread
and sustainable distribution of solar and wind power will face the fundamental difficulty that they are
intermittent, requiring demand flexibility, backup powerwsoes, and enough storage capacity.

BES is the key compondntthis contextallowingfor optimised system integration of renewable energy sources.
Thefunctions of BESa@SNE A RSALINBI RAKARBE X ¢ a 8¢ SHDE LI OX &an b A NI
applied to any size of RES generator, from aKigwatts (kW)in residential or small commercial installations up

to MW size in power generation plants.

4.1. REStegration in Grid-Connected Configurations’

In the context of theon-goingstructural transformation of electricity supply, a growing demand for decentralized
storage facilities is expected to increase substantially the share of intermittent sources (wind, photovoltaic, co
generatorsgetc.) and to feed power into the medium and lowltage level.

The development of advanced BES will offer more possibilities than currently used primary and secondary
spinning reserveswvhich arenecessary to compensate for continuous power fluctuations in the gadhey can

also absorb negative camtl power so that there is no need to reduce or shutdown station output when there is
surplus supply. This has the advantage that fdsssled power plants (i.e. coal, oil, gas) can continuously operate

at optimal production levels to considerably redudg,@npact and increase the energy efficiency of the plant.

The new transmission system operators' business mfmdejrid expansion wiliake into account the advantages
of BES, which are:
A High value of stored energy / high cost of conventional energindyreak periods
Avoids investment in distribution grid upgrades
Avoids investments into additional flexible peak power generation assets
In future smart grids: contribution to grid services
Avoidance of grid perturbations (high short term power variasp
Generate revenue from grid services

> > >y > D>

4.2. RES Integration in Smart Grids

The further development of an EU Smart Gridll allow operators to keep track of electricity generation and
flows. With more precise information about the electricity thatgenerated, the operators will be able to

® Large grids related to widespread electrical distribution systems
" For a concrete example, séamnex 1: Case Study on RES Integration in aG®righected Gnfiguration pp.30.
8 For a concrete example, sé@mnex 2: Caset®ly on RESitegration in Smart Gri@onfiguration pp. 31.
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monitor the savings of energy and therefore reduce the cdBES will contribute even more to grid services in
future Smart Grids to the benefit of the concerned stakeholdwyrsallowing operators to effectively ntrol the
flow of electricity into and out of the grid
BES will become particularly useful under the following circumstances:

A if local selconsumption is favared to reduce energy flows on the grid in peak demands

A if electricity supply will be very cdgtduring peak periods (further liberalization of the electricity markets)
LG €1 GSNI &l 3"8withh ddwimdSINRE S willb&ldi mafiatthkoFadufly decarbonised EU power
system.Several BES systems could be combined with up to hunanedswatt hour (MWh) capacity in various
locations on the electric power grid and be used as an almost universally applicable method of utility electricity
storage/regulation to integrate RES up to 100% (i.e. Renewable Grid Inifjative

4.3. REStegration in Off-Grid Configurations™

In the absence of a local grid, storing energy from RES and irgjeasvhen needed at times when RES
production is not sufficient is not fully possiblegenight time, low wind etc. For industrial applications or large
remote habitation application, energy storage is typically sized to be able to supply power from 4 days up to 10
days. This is necessary to ensure that the application will always be powered should RES be limited for al
extended period of time (clouds, low windnd winterperiod). Theactualaverage daily use of the stored energy

is low but the service life is extend@dsucha configuration.

The value of energy storage is the availability of a permanent source of electricity, independent from variable
power generation.

4.4. RES Integration in Mis@rid Configurations®

To obtain benefits for endsers and/or grid operators, advanced power management and BES need to be
optimally designed to the specific requirementstbé& hybrid minigrid (i.e. rural electfication systems etc) for
optimal control and load by renewable energy resources. BES is very important for the optimizasiochof
systens. Apart from the dept of discharge, other parameters which are of importanmeelefining the optimal

BES are the abient temperature (location) and maintenance requireméfits

® EU Smart Grid, in the understanding of the IBC Taskforce, includes an intelligent monitoring system that keeps track of
electricity generation and fles allowing them to be controlled to save energy, reduce costs and increase the reliability,
transparency and ability to optimize the integration of renewable electricity.

YC2NI Y2NB AYTF2NNXIGAZY aup/voniyvdrniSsibrigridnelli DNA Ré s OKSO1

' The Renewable Grid Initiative was launched in 2009 to promote the increase of renewable energy generation and
transmission capacity in Europe. More information availabletigt://www.renewablesgrid.eul.

2 For a concrete example, see Annex 3: Case study on RES Integration iGaid Gfinfigurationpp. 32

¥ Related to small electrical distribution systems that connect multiple-esets to multiple loadésources of generation),

often with the possibility to extend.

“For a concrete example, see Annex 4: Case Study on RES Integration isadBuonfigurationpp. 34
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5. Functions of BES f@nd-Users and the Electricity Supply Industry

To note thatt is important to involve battery experts in the selection of the most suitable BES solution to ensure
optimal operation. Each application has its particularities and BES should be considered in relation to the
different specific tasks required.

5.1. Functions for gricconnected Enelisers

Small and medium size users (i.e. households, industry) which are cedniecthe grid with a tailored BES
system from afew kW to 100 kW) will benefit in the followings ways:

Back up Power

BES has the capacity to provide energy throughout the dytioé a power outage period, ensuring that a high
level of reliable serviefrom BES can also contribute to a controlled statvn or transfer to orsite generation.
Duration and frequency of power outagdepend on the locatiome. strong versus weak grids.

Typical duration is 15 mitesto 1 hour, a few times a year or weekly

Time-shift:

.9{ O2dAZ R ONBI(iS SO02y2YAO QI tsditfhgOR K/ NMRIZAK A 2 W3S NB § & NI
energy in offpeak periods wherthe price ofenergy is low followed by discharge of this energy irpeak
periods when energyres are high.

Typical duration is 1 to 6 hours, daily cycle

Peakshaving

BES can reduce the load during (utility) peak demand periods by using the energy inside the BES in order to avo
peakdemand charges, generally applying to larger industridhesers.
The discharged duration is between 1 to 5 hours per day.

Power Quality

BES can protect ergker loads from various short duration events that affect the power quality such as voltage
or frequency variation, harmonics, etc, which can disturliaiersensitive electronics. The typical durations range
from milliseconds to a few minutes.

Demand Response

BES allows the engker to obtain final compensation, resulting from a contractual agreement with the grid
operator, to turn off part of his lahwhen the network is under stress, while using the energy that is stored inside
the BES. Typical duration is 1 to 2 hours, 1 or 2 cycles a day.
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Capacity Firming of Intermittent Renewable Resources:

BES would typically be of a size that is able to supphertiee RES generaticior between 30 minutes and 1

hour. The normal operation profile, however, consists of permanent charge / discharge cycles in periods of
several minutes, meaning that BES caialkke up and supplement up tb00% during ¥ (1 KS SroniisaNd G 2
power duringthat time period.

ConclusionFor the eneuser the value of BES is generated from three main streams:
A enhanced availability, quality and security of electrical power
A enhanced value of (renewable) energy in periods of high demand
A remuneration of services from utilities or savings on utility charges

5.2. Functions for the Electricity Utility Industry

The Electricity Supply Industry (generation, transmission and distribution side) will have direct benefits resulting
from the integration of BES in the grid (1 MW to 100 MW BES systems). Capacity firming of RES generation will b
a key function. BES can assist the power management in the grid and assist the response time takgn by CC
emitting generating units for primary and secondary regjons.Besides the fact that such generators must run
below its rated value, additional fuel is used or water is wasted, thus, excess @@itted and the overall
efficiency of the power grid is reduced.

Figure2: Storage PoweRequirements for Electric Power Utility Applications
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Primary Reserve Power:

Today, grid operators use €émitting generaton units that are continuously online and ready (primary spinning
reserves to regulate unexpected momentary energy flow variations (up or down), intervals occurring witin 5
seconds, with the target to maintain the grid frequency permanently within the range of the droop response. BES
canfulfil this role more efficiently athin a more environmentb friendly way by discharging (energy injection in

the grid) or charging (absorbing energy from the grid).

Secondary Reserve Power

Secondary regulation by grid operators relates to the normal load following within a time fraraefew to
several minutes to load/unload G@mitting spinning units to follow slow and small tiraarying fluctuations.

Today this function is provided by generating units that are continuously online, but could perfectly be fulfilled by
advanced BES ggms. The typical effective duration of a charge or discharge is 2 to 5 minutes permanently, the
BES being sized to provide power for up to 15 minutes. The key characteristic of BES is that it can respond rapid
to the grid frequency signal and combinesthrimary and secondary function at the same time.

Reserve Capacity:

Apart from immediate primary and secondary power supply, BES integration is a more energy efficient solution to
providing reserve capacity in case normal electricity supply resourcesrteeanavailable. Today this function is
provided by C@emitting generator units that are online but unloadegpifining reserves) or ofine but ready

for rapid use. Reserve capacity is generally between biteérto 4 hours.

Grid Stability & Perfomance/ Ancillary Services to 8port Transmission:

BES can absorb or compensate for electrical anomalies and disturbances on the grid, such as voltage sags or st
synchronous resonance, to support transmission and improve grid performance and stability] dypitions
are milliseconds up to 20 seconds, with a respdirse of lesghan 1 second

Time-shift:

L9{ AA I LISNFSOO AyalNHzySyd G2 ONBI(S-aS502¥g¥kd @K
electrical energy in ofpeak periods whe the energy price itow followed by discharge of this energy in-paak
periods when energy prices are high.

Typical durations are 1 to 6 hours, daily cycle.

Peakshaving

BES can in many cases delay the need for investments in grid upgrades (tramsonghstribution side) when
the grid is approaching its load carrying capacity (tertiary reserve) due to growing peak electric loads. Energy
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stored offpeak is then discharged to reduce transmission capacity requirements during peak demand periods.
Disclarge duration is between 3 to 6 hours per day.

Capacity Firming of Intermittent Renewable Resources:

{ 02N 3S dABey NBSWASNM 0f SAQ 2dzii Lddzi a2 GKI G BES &ndioNEeGn LI2 |
intermittent electric supply source as a ngadonstant power source by compensating/smoothing short term
and daily variations of renewable generation.

BES would typically be of a size that is able to supplement the RES generation between 30 minutes and 1 hou
The normal operation profile, howevecpnsists of permanent charge / discharge cycles in periods of several
minutes, meaning that BES could supplement and take up 100% during that time period.

Voltage Sipport:

BES can provide active power or load to the grid in order to compensate voltage alrthe enefeeder line or
voltage peaks, for example due to PV injection. This avoids upgrades of the transformer station or other
investments in voltage support mechanisms.

Conclusions:

For electricity utility providers the value of energy storagigénerated from three main streams:
A cost effective provision of grid support services
A more efficient use of existing generation/transmission assets

A avoiding / postponement of investment in grid / generation upgrades
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6. BES Technolagg Can Contribute to VariousApplications

A broad range of different electrochemical battery technologies eksivever there ardour which are usually
considered ashose technologieshat caneffectivelycontribute to the efficient and sustainable usé electrical
energy storage:

>\

Leadbased battery technology
Nicketbased battery technology
Lithium-based battery technology
Sodiumbased battery technology

> >

The selection of one of these technologies depends on the requirements regarding perform@nsaféty and

cost for a given application, all having a high recyclability. Given the diversity of possible operating modes, there
is no single battery system or technology covering the entire range of needs adequately. On the contrary,
different BES tdmologies exist and each of them has a role to play in the fuaskestsolutionto the needs of
asystemdepending on theispecific attributes:

Battery Technologies Characteristics

Lithium based (Li) High energy density, small and light

Nickel baed (Ni) Proven offshore & hark environments, londjfe
Lead based (Pb) Proven in application, lowroductioncost
Sodium based High energy density

EUROBAWhite Raper¢ Importance of Battery Energy Storage for Renewable Energy Supply




EUROBAT

Association of European Automofive
and Industrial Battery Manufacturers

7. Battery Technology Roadmaps

7.1. Lithiumlon Technology

The catlode in these batteries is ahiated metal oxide (LiCoO2, LiIMO2, etc.) and the anode is made of carbon
material. The electrolyte is made up of lithium salts (such as LiPF6) dissolved in organic carbonates. Depending c
the choice of the cathode material, the nominal voltage of anviddial Liion cell varies between 3.2V and 3.8V.

Figure3: Reaction Mechanism of dion Cells
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Figure4: Cylindrical L-ion Cells for Industrial Use

Source: SAFT

When thebattery is being charged, the Lithium atoms in the cathode become ions and migrate through the
electrolyte toward the carbon anode where theombine with external electrons and are deposited between
carbon layers as lithium atoms. This process is revetgedg discharge.

Key features

The main advantages ofibn batteries, compared to other advanced batteries, are:
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A High energy density (15200 kwh/m3, 140 kWh/ton at battery level)

A High efficiency (near 100%)

A Long cycle life (>3,000 cycles @ 80% deptiischarge) combined with long calendar life of 20 years+
A Maintenancefree

A Versatility: electrodes can be optimized for different power / energy patterns

A SOC & SOH indication (state of charge, state of health)

Deployment Status

Commercialized since thmeginning of the 90's, lithiuAon batteries took over 50% of small portable market in a
few years, but there are some challengesmaking largescale L-ion batteries. Manufacturers are working to
reduce the cost of lbn batteries, which is expected drop with the takeoff of automotive and energy storage
markets. The implementation of Hon batteries in the stationary field is in its starting phase, but has strongly
benefited from the extensive experience gained in the development of batteriesléatric and hybrid vehicles.
Demonstration systems in association with distributed renewable generators, as well as for grid support with
voltages up to 700V have been designed and successfully tested. Recycling processes and installations are
place &hieving a recycling efficiency well above 50%.

Outlook

Technology improvements will further increase energy density, cycle and calendar life. System developments are
underway to reach the MW power class, whilst building up of industrial capacity fes praduction of industrial
size cells and batteries is poised to reduce system cost in the future.

7.2. SodiumbasedTechnology

The cathode is Nickel Chloride (Ni CL2) while the anode is made of Sodium (Na). The electrolyte is made up
tetrachloralluninate of sodium (such as NaAICL4), and is liquid at the operating temperature of the cells (and
battery) in between 270 °C and 350°C. The cell OCV is 2.58 V @ 295 °C.

When the battery is being charged the Sodium atoms in the cathode become ions and ntigoatgh the
ceramic electrolyte (beta Al). The available free electrons could flow as current to the external load. This process
is reversed during discharge. The main reaction during chamgebi¢ / £ b  byA 2Na, tHéopposite for
discharge.
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Figure5: Reaction Mechanism of SodiwmasedCells
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Key features

The main advantages of NiCh batteries, compared to other advanced batteriese:
A Immunity to ambient temperature condition (service fro#0°C to + 60°C )
A No needs of air conditioning
A High energy density (complete battery level: 170 kwh/m3,120 kWh/ton)
A

Long cycle life (2,000 cycles @ 80% depth of discharge) combined with lendecdife of more than
15 years

>

Maintenancefree

>

SOC & SOH indication, remote monitoring of the systems
A 100% recyclable

EUROBAWhite Raper¢ Importance of Battery Energy Storage for Renewable Energy Supply




EUROBAT

Association of European Automofive
and Industrial Battery Manufacturers

Deployment Status

Commercialized since the middle of the 90's, Sodium Nickel Chloride batteries have originally found application
for electric vehiclesand hybrid electric vehiclesuch asduses, trucks, vans and today the technology is mature to
enlarge the application to telecom and bagk markets and on/ off grid energy storage. Currently the only
manufacturer is working to incese the production capacity and to reduce the cost of these batteries. A second
manufacturer is coming into the markegxpecting to make their product available2611).

The usage of Sodium Nickel Chloride batteries in the stationary field is in tisgtainase, but thanks to a long

and extensive experience obtained in the development of batteries and systems for electric and hybrid vehicles
AGQa F2NBasSSy (2 0SS FlLad FyR adz00Saa¥fdzZ ® 5Sy2yaidN
plants and micro wind turbine) as well as for grid support with voltages up to 600V have been designed and now
are in a field test phase.

Outlook

Technology improvements will focus to increase energy / power density, and cycle life. System developments are
in progress with the target to reach the MW power size. A new cell size is being developed in order to better
match the requirements for stationary and back applications.

7.3. Leadbased Echnology

The positive electrode contains lead dioxide (Pb&@®) the negative contains spongy lead (Pb) as active material.
The electrolyte is aqueous sulphuric acid and participates in the charge/discharge reactions.

PbQ, + Pb+ 2H,S0, «—>2PbSQ + 2H,0

The electrode reactions are:

On the positive PbO, + HSO ,+3H"+ 2e- discharge PbSO,+ 2H,0
electrode —> charge

On the negative Pb+ HSO, discharge PbSO,+ H' +2e
electrode —> chlarge

Overall cell Pb+PbO,+2H'+2HSO, discharge 2PbSO, + 2H,0
reaction —> charge
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Figure6: Reaction Mebanism of Led-based Cells
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KeyFeatures
A Generally the lowestost solution, with low cost/kWh to install as well as least/kWh electricity
throughput
A Nominal voltage: 2.0 V
A Chargedischarge efficiency: 75985 %
A Lifetime: 1800 cycles @ 80% DOD, or 20+ yeassationary (float) applications
A Operating temperatur@ange between30°C and +50 °C
A Significant lead ore reserves and resources, combined with a high lewstefial recycling (virtually

100% of leads recycledrom collected batterieswith 50% of annual lead ceamption from recycled
material

Lead acid batteries are robust and less sensitive to application condifibeyg can be connected in
large configurations withoutaphisticated management sigsns

A Mass produced, and many readily dahle commercial product lines

Deployment Status

The lead acid chemistry was commercialized more than 100 years ago. Different designs are in use for variou
applications, including: valve regulated (maintenan@=fwith starved electrolyte) or flooded (vented); positive
electrodes with tubular or flat grid plate design; negative electrodes with lead or copper grid; spiral (round) or
prismatic cells and monoblocs. The cells are produced in formats framp&rehour (Ah) to 16,000 Ah, with use

in nearly all applications except small portable and mobile systems. The large variety of applications includes lonc
calendar life with continuous overcharge (up to 20 years), -rég@ cycling in motive power (e.g. forkliftapd
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high power at low temperatures in automotive applications (SLI).

Outlook

Even after a hundred years in use there remains extensive potential for advanced lead acid battery technology.
Specific power is being improved with advanced active materialsl@ndr resistance designs. Further cost
reductions are being realized through automation and process improvement. Cycle life will be doubled through
design enhancements and intelligent battery management. Comipletekey systems up to the MW size are

being developed, and lead acid batteries will be integrated into hybrid systems in combination with other power
and storage technologies to maximize benefits and minimize costs. Through these improvements, additional cost
savings in the range of 40% for RESesys will be realized.

7.4. NickelbasedTechnology

7.4.1.NiCd Technology

NicketCadmium (NCd) accumulator systems are built with different electrode designs, the 4 main ones being
pocket plate, sintered plate, plastimonded plate and fibre structerplate technology. The electrodes are filled
with the active material, i.e. the positive one with nickel hydroxide and the negative with cadmium hydroxide.
The following equation describes the basic reaction during discharge ofCa ldccumulator2NiOOH+ Cd +
2H20A 2 Ni(OH)2 + Cd(OH)

Figure7: NicketBased Cells

It is of high importance to state that in an alkalir
system the electrolyte isnot involved in the cell
reaction, in contrast to other battery technologie:
Theelectrolyte is only used as a means of trgrt for
OHions. But, this facensures a very good temperatur
performance, at cold temperatures, andhigh
electrochemical stability at high temperatures resultil
in high lifetime and reliabilityat these temgratures. The
nominal voltage of the NCd cells is 1.2 Volt¥). The cells
have a prismatic casing or container design made of |
impact resistance polpropylene (PP) material. Othe
flame retardant materials and stainless steel are ¢
available.

KeyFeatures

The key features of the Nid battery technology are:

A Extremely high electrochemical robustness
A High mechanical robustness
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>\

Usable at extreme low and high temperatures freB0°C up to +60°C

High number 6 operating cycles (from,200 up to 3000 full cycles @ 80% DOIepending on cell
design)

Chargeable with high currents

>\

>\ >\

Different electrode designs available for high power to high capacity performance
No damages caused by overcharging, deep discharg@artial stateof-charge operation

>\

DeploymentSatus

The NiICd technology battery is an advanced, easy to charge and robust battery technology, suitable for all
industrial applications under extreme environmental conditions. At the same time ti&dNattery technology
provides low acquisition costs and also low life cycle costs for the operator.

The service life dili-Cdbatteries is one of their important features. The cells can be stored without capacity loss
for a very long time and after this, tyna few charge / discharge cycles are needed to reach the full performance.
The total service lifetime of &li-Cd batteryis not driven by its calendar age, but is highly dependent on the
conditions during operation of the battery. Based on the presemeernce with the NCd technology, a service

life of more than 20 years can be achieved in standby power systems even under difficult environmental and
operation conditions.

Ni-Cd batteries are recycled in established recycling facilities with a clab@08b recovery of Cd, which can be
infinitely re-used for battery manufacturing purposes.

Outlook

Further research and development of the-Glil technology will improve the energy density, the weight and
dimensions of this battery technology. Also redhgcacquisition costs and life cycle costs are tafmtthe NiCd
technology manufacturers.

7.4.2. NiMH Technology

Nicketmetal hydride (NiMH) is a commercially important rechargeable battery technology for both consumer and
industrial applications deito design flexibility, excellent energy and power, environmental acceptability and cost.

A nickelmetal hydride cell, abbreviated NiMH, is a typesetondary edctrochemical celsimilar to the nickel
cadmium cell. The NiMH battery uses a hydrogbésorbingalloy for the negativeelectrodeinstead ofcadmium

A NiMH battery can have two to three times the capacity of an equivalentnéiketcadmium battery The
specific energyfor NiMH material is approximately 80h/kg. NMH has a volumetric energy density of about
300WHh/L, significantly better than nickedadmium at 5150 Wh/L, and abouthe same as tion at 250360
WhiL.
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Electrochemistry

The negativeslectrodereaction occurring in a NiMH cell is

H,O+M+e =OH + MH

The charge reaction is read lgft-right and the discharge reaction is read rigbtleft.
On the positive electrode, nickekyhydroxide iOOH) is formed:

Ni(OH); + OH™ = NiO(OH) + H,O + e~

The "metal” M in the negative electrode of a NiMH cell isrd@rmetalliccompound. Many different compounds

have been developed for this application, bhbse in current use fall into two classes. The most common is AB5,
where A is arare earth mixture of lanthanum cerium, neodymium praseodymiumand B isnickel cobal,
manganese and/or aluminum Very few cells use higheapacity negative material electrodes based on AB2
compounds, where A is titanium and/@anadiumand B iszirconiumor nickel, modified wittchromium cobalt,

iron, and/or manganese, due to the reduced life performances. Any of these compounds serve the same role,
reversibly forming a mixture of metal hydride compoun@hen overcharged at low rates, oxygen produced at

the positive electrode passes througihe separator and recombines at the surface of the negative. Hydrogen
evolution is suppressed and the charging energy is converted to heat. This process allows NiMH cells to remai
sealed in normal operation and to be maintenasfoee.

NiMH cells have arlkaline electrolyte usually potassium hydroxide For separation hydrophilipolyolefin
nonwovens are usedi/MeH is technically superior to Ni/Cd in a number of technical aspects and it can be used
in mary applications.

KeyFeatures

>

Highly compact design
Lower weight requiements than NiCd

Lower volume requiements than NiCd

> > >

Completely rechargeable at lower voltages
Environmentally accepted components

Low pressure AB5 hydrogen storage alloy

> > >

Reliableand saé operation, sealed or valwegulated

>\

High performance

A
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8. BES and Social & Employment Aspects

The EU Battery Industry represemtser 40,000 employees. In additioto this, the battery collecting and
recycling businesgreatesconsiderableemploymentopportunitiesin Europe. It is also a major contributor to the
business of secondary materialfoday there isa large domestic industridbattery market.One of the key
challengas for the EU Battery Industry is teffectively promoteits position in emerging markets related to RES
and RES integration.

Batteries representhe main solutiorto the power needs o widespread number odpplicatiors, from vehicles

and portable devices toBES systems, through a variety of industriaks, toensue energy supply in cases of
power failure (UPS, telecommunications), as well as in stratdgfenceapplications.In this way the battery
industry is a key industrial sector in Europe contributmgmployment andsocial welfare.

The ability to continue or further increasbe deployment of new technologies is highly dependent on a strong
manufacturing base for batteries in Europe. This sustainable industrial base is a requirement for continued
research and technology developmenefforts by companies in Europe, which in turn supports the
competitiveness of the industry in Europe in wider sectors, namely those that incorporate batteries as an
essential part of their electronic and electrical tectogy. Finally this will benefit European employees and
consumersby guaranteeing job growth and ensuritige introduction ofefficient and quality products on the
market at reasonable priceBES caanlso contribute teenergyindependence and security ohergy supply
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9. BES and Economic & Environmerapects

The EU Battery Industry is very committed taste prevention and recyclinghe BatteryDiredive'® establistes
a principle of producer responsibility. The combination of tbgal obligations on the takkback of latteries and
the ban onlandfiling and incineration ensures the collectiaf used batteriesIn addition, spent industrial
batteries arehighly unlikely to bedisposedof in the municipal solid waste streabecauseprofessional users
appreciate the economic value ofaterialsrecycling.

Infrastructure for the collection and recycling of batteriegists all over Europe and therefore minineizthe

negative impact of batteries and waste batteries on the environmémis contributing to the protection,
preservation and improvement of the quality of the environmeBattery transportationand safetyvia ground,
air and sea is dealtith via specific EU regulation

As batteries are highly recyclable, they are a magurese of a number of key secondary materials which can be
used for different purposes. On the other hand, battery makers use a high proportion of secondary materials to
manufacturer batteries. This means that, despite high demand for primary materialseineenging markets, no
shortage of these materials is foreseen in the European Battery Industry even in the long run

Efficient and coseffective management of energy is a must because of the rising cost of conventional electricity,
fossil fuels, new decwralized powergen plants and the further electrification of transportation. In addition
there is concerrabout the environmental compatibility and the further liberalization of the electricity markets.
Rechargeable batteries can fulfiheseroles.

BESwill enhance the continuous increase of RES in the energy mix. BES will enhance further energy savings at gr
and at household level to decreatiee environmental impact of resources used aathount ofwastegenerated
decrease energy and material conspiion, and decrease G@missions.

Lifecycle cost analyseshow batteries to beclean, efficientand, in certain configurations, alreadgonomicaly
viablewhencomparedwith other energyoptions (e.g. directly from fossil fuels, nuclear, renewables).

' Directive 206/66/EC of the European Parliament and of the Coundil §&ptember 206 on Batteries andAccumulators
andWasteBatteries andAccumulators fittp://eur -
lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2006:266:0001:0014:kn:PDF
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10. Conclusion

The Eropean Battery Industry can clearly contribute to the threegoalsidentified in 9 dzNB LIS Q& Sof S NH ¢
reducing greenhouse gasedncreasing the use of RESd redudng primary energy consumption through
increased energgfficiencyby providing efficient and capable energy storage solutions.

BESthrough theirintegrationat a variety of placefrom energy production to point of uséelpsin the growth
of Renewable Energiesnd contributes to theirfull integration inoff-grid, minigrid and orgrid configurations.
Furthermore,BES gives greatervalue to RES generat&dectricityin numerous waysnost important of which is
ensuring aegular,accessible andninterrupted flow of electricity

BESlsohave an important partto playin supporing the Electric Utility Industry in its kdynction by managng

RESower and quality during generation, transmission anstribhution. Furthermore,BES bringadded value to
end-users (households and industry) in terms of sggiand the availability, quality and security aflectrical
power.

All four currently dominantbattery technology families can contribute these aims complimening each other
to meet thediversity ofoperating modesequired. Furthermore, theiuse asnergy storage systemshgcoming
very competitive when thie advantage over other systems are consideretHowever, BESRES System
integration should be further optimmed for offgrid, minigrid and gridconnected configurationsthrough
additionalR&D field tests and demonstration projects

Finally,BES technologiebave a minimalacceptableimpact on the environment beingighly recyclable and
havingan existinginfrastructure for theircollection, recyd and disposain sustainablevayswhich areregulated
by the Battery Directiveandthe Endof-Life \ehicleDirective'®.

BES thereforg@rovidesclean, efficient and environmentally sustainable solusitm energy storage needs to the
benefit of the Electric Utility Industry, end users and socéstywhole.

'® Directive 2000/53/EC of the European Parliament and of ther@il of 18 September 2000 omdof Life Vehicles
(http://eur -lex.europa.eu/LexUriServ/kBriServ.do?uri=0J:L :2000:269:0034:0042:EN:PDF
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ANNEXES

Annex 1. Cas&udy ¢ RES Integration in 1@l-ConnectedConfigurations

SohHon Project:

Industries and institutes joinindorces to develop an innovativ®V energy system, providing added value to
producers, consumers and grioperators’

The Sotion partnership develogd an integrated kit for conversion, storage and management of PV energy,
suitable for production on an indusal scale for decentralizedrid-connected residential PV systems. This
project is introducing Libn batteries into PV systems on the largest saaer testedo meet the need for 20
& S| batiefy. The system will provide strategic management of the power flows within the PV panels, the
battery, the house and the gridThis will shift excess powergauction at noorto make it avdable for use in the
eveningmaximiing W3-8 2 ¥ & dzY LJi A 2 y @he ovdtent tSwalksh gh&rgy autonomobsildings, as
well as providing backup amdanaging grid injection of any power remaining. The-i@olproject wil also
provide an insight into the use ehergy storage for demand sicieanagement, especially with regards to peak
shaving and its integration within future smart grid developments.

System components

This solution has been developed to accommodate ®rgy production of 5 kWp PV panel

Every Selon comprises:

System Management
. Grid inverter and Liion battery: 5 to 15 kWhl70 to 350 V Immom Imﬁ Grid
. Battery converteand Energy Management System Invortor f
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______

400 4

T
midnight midday midnight

Y The Solon partnership (200&intil present) is a FraneGerman collaboration involving ten partnersAgSI Voltwerk

Fraunhofer IWES,-BN, INES, Tenesol, etc). The project integratddnLbatteries ino PV systems. More information is
available athttp://www.sol-ion-project.eu
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Annex 2: Caset&dy - RES Integration in Smart Gricbfiguration

GROWDERS3roject

Grid Reliability and Operability with Distributed Generation using Flexible

Storage '®

To demonstrate the technical and economical possibilities of existing electricity storage techndlog@ROW
DER®roject provides the solution by usirtgansportable (container) and flexible storage systems, made possible
by new developments in power electronics. In this innovative demonstration project operational experience is
gainedand the technical and economieasibility of storage systems will lleemonstrated. On four sites, three
different storage systems and a combination will be evaluated with a teche@malomical assessment tool
(TALOS)ncluding intelligent prediction software. Transportable storage provides a flexible asset for network
management introducing possibilities for deferral of investments in expensive sweeln, avoids stranded assets

and creates possibilities to enable the European industry to become leading in economically viable operation of
distribution grids with large soalpenetration d DER(distributed energysourcey/ RESusingstorage systems to

assist power generation, transmission (TSOs), distribution (DSOs) and the balance responsible entities (BRs).

Power versus Energy
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¥ The project GROWDERS (20@1il present) is funded by the European Commission (Sixth Framework Programme). It
gathers differem partners KEMA, Continuon, Iberdrola, MVV, EAC, -IDES, IPE, Exendis, SAFT and Chiofidere
information is available dtttp://www.growders.eu
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Annex 3: Caset&dy - RES Integration in anfOGrid Configuration

3a. Project CMPPCentres Médicaux Pédiatriques Persis in @higouya, Burkina Fasd

This is groject of a solaoff-grid system for a charitable organiicm for prevention against the NOMdisease
The goal was to overcome thmimerous daily power outages of the grid and to secure the supply of power for
the medicalequipment of CMPP hospital. The system was completely financed by donatiospamsbring of
hardware including the 48 PV panekdectronic controller equipment andthe VRLAAGM bateries. Today
approXmately 17 kWh is produced with the installed PV system which represents apmely 45% of the
needed power of the hospital complex. The savings are enough to engaagdéional medical doctor for the
children and adults sufferingom NOMA.

The battery bank consists of 2 strings of 32 laail batteries (12Volk;, 110 Ah C10, VRIAGM monobloc)The
battery is designed for a daily depth of discharge 0f2896 and 001,500 cycles. Production of the PV
installation is 16.9 kWhgr day as an averagéhis represents appramately 45% of total power consumption.
The installation of anothelPV systenis planned with a viewo increase the independency from external power

sources and to improve cost savings.

Energie électrique totale en kWh produite parla centrale
électro-solaire IAS du CMP Persis a Ouahigouya, au Burkina
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¥The CMPP is part of a larger social activity prognaraf the Association of Persis Burkina (APB). APB is recognized by the
Burkina Faso governmesince 1994 and has developed activities in rural and urban areas. More informativailsbleat
http://association.persis.free.fr.
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EUROBAT

Association of European Automofive
and Industrial Battery Manufacturers

3b. Project SFR GSM Radio Base StatiarFitou, Southern France

SFR ia Mobile Operator in France and operates a large number of 2G arzh8&stations covering over 90% of
France. Among those limited number of BTSIisl2 4 SNER o6& | t+ aNBRRBRSYl At A O
without an additional diesegjenset. This reference projeetas implemented in Fitou,aar CarcassonngAude
Department) in SouthernFrance.

Technical specifications

Power: 24 kWp

>\

Batteries: 4 strings of 24 x 160PzV2000-(2829Ah C120)
Autonomy: approx. 4 days

Daily depth of discharge: 20%

> > > >

Planned Number of cycles,580

The system runs on batteries only, no additional power geissiestalled. The battery consists of 4 strings with
24 cells PowerSafe 160PzV2000 {2629Ah C/20) each; totally 48\10,500Ah @ C120. Autonomy in case of
bad weather is appramately 4 days, depending on load factor of tBa SThe batteries are placed inshelter

without air conditioning system and must therefore withstand hot and cool temperature
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