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Introduction 
 

The European Battery Industry represented by EUROBAT has put together this White Paper in order to provide 

detailed information on the use and advantages of utilising Battery Energy Storage (BES) solutions for renewable 

energies. It aims to enhance knowledge about batteries and how they can contribute to society in the context of 

ǘƘŜ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴΩǎ ό9¦ύ ambitious energy policy of increased efficiency and reduced CO2 emissions.  

 

This paper acts as a reference document explaining the contribution of the different battery technologies to the 

various grid configurations. More targeted publications will be issued by the Industrial Battery Committee (IBC) 

Taskforce, using this background document as a basis to present the key advantages of using BES in specific 

applications.  

 

This White Paper does not cover issues relating to sustainable transportation, such as the value of electric 

vehicles' batteries at end-of-life. This will be the subject of future EUROBAT publications. 
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Overview of the Main Points 
 

Battery Energy Storage is a valuable and sustainable means of increasing the integration of renewable energies in 

the energy mix in off-grid, mini-grid and on-grid configurations. This White Paper illustrates that BES can not only 

be used for storing energy, but can also benefit end-users such as households, businesses and the electric utility 

industry who are responsible for the generation, transmission and distribution of electrical power.  

This White Paper will cover the following main points: 

Á BES contribution to the main methods of reducing CO2 emissions 

The White Paper explains how Battery Energy Storage can assist in achieving an EU low carbon 

economy. Renewable energies are indeed one of the ways in getting there, but there are still a number 

of technical challenges to overcome, notably their integration in the grid, synchronisation between 

supply and demand, and stabilisation of voltage and frequency, among others. BES has proved to be a 

valuable option in overcoming these issues and allows for optimised integration and use of the 

electricity produced via renewable energy sources. Case studies are included, showcasing different 

situations where battery energy storage systems were used successfully.  

Á BES supporting end-users and the electric utility industry 

In addition to the advantages related to RES generation, integration and distribution, Battery Energy 

Storage has been shown to be beneficial to end-users and to electricity providers as well. Using BES can 

help and benefit end-users, both households and industry, in outage periods, peak-shaving, or charging 

and discharging cycles. Batteries have proved to enhance the availability, quality and security of electric 

power. In many countries, the surplus energy that is stored can also be sold to grid operators, which 

can represent a substantial source of extra revenue for end-users. For the electricity supply industry, 

BES can be used in a myriad of situations (e.g. to follow load, to stabilize the voltage and frequency, 

manage peak loads, improve power quality, extend investment upgrades, among others). Case studies 

of the different situations are included in this publication. 

Á Review of BES technology  

An important aspect to mention while explaining the advantage of BES is to go into detail and review all 

the existing battery technologies (lithium, nickel, lead and sodium) as well as their key features, 

deployment status and outlook. The battery technology roadmap included in this publication indicates 

what the current state of each technology is and how it could evolve in the near future.  
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1. About EUROBAT 
 

EUROBAT is the Association of European Automotive and Industrial 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 Europe. EUROBAT is engaged in policy 

discussions with the European Institutions and national governments. The Association acts as an advisor and a 

reference source for all the information related to the automotive and industrial battery sector in Europe. 

 

The European Battery Industry is committed to continuously developing and presenting viable technical solutions 

to tackle climate change and reduce CO2
 emissions in the fields of transport and energy supply. In order to do so, 

the Association has created a specific taskforce - the IBC Taskforce on Renewable Energy Sources1 - within one of 

the technical committees of the Association, EUROBATΩǎ LƴŘǳǎǘǊƛŀƭ .ŀǘǘŜǊȅ /ƻƳƳƛǘǘŜŜ όL./ύΣ ǘƻ ƳƻƴƛǘƻǊ ǊŜŎŜƴǘ 

developments in European legislation and initiatives and analyse in which way the Battery Industry can assist the 

EU in achieving its ambitious targets.  

 

In this context the IBC Taskforce on RES has investigated emerging technologies in the field of renewable energy 

integration and has concluded that batteries can indeed contribute in many ways to the benefit of end-users, 

electric utilities and in achieving the EU Climate Change PackageΩǎ targets. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

                                                 
1
 Hereafter referred to as IBC Taskforce on RES  
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2. About Battery Energy Storage2  
 

A rechargeable battery is an electricity energy storing system based on electrochemical charge/discharge 

reactions. The amount of electrical energy stored in a battery is directly related to the chemical energy inside. 

There are numerous varieties of rechargeable batteries, available in different shapes and sizes, from button cells 

with a few milli ampere-hour (mAh) output to those in stationary applications of several megawatts (MW). They 

are widely used in portable, transportation (road, train, maritime, aviation) and industrial (motive and stationary) 

applications. Several different combinations of chemicals are commonly used, deriving from the four battery 

technology families which currently dominate the market: lead, lithium, sodium and nickel. 

Electrical energy can be stored in different forms as the power-energy chart hereunder demonstrates: pumped 

hydro (gravity), compressed air (pneumatic), flywheels (kinematic), thermal storage (heat), hydrogen and 

batteries (chemical). The energy-power chart in figure 1 shows the location of the different storage technologies 

in relation to the needed energy capacity (Watt hour), and power output (Watt). Storing is not a matter of 

capacity only but also the ability to fulfil other functionalities typically related to the charge/discharge models of 

a certain application. 

 

Figure 1: Position of Different Energy Storage Systems  
 

 

 

 

Source: Electric Power Research Institute ς White 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 are 

highly flexible and can be adapted to high power and/or high energy applications. When correctly selected or 

tailored, they are also highly efficient both during use and at stand-by. Battery energy storage systems increase 

the overall efficiency of current and future applications and can also fulfil 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 2007 European Union leaders signed up to a binding EU-wide target to source 20% of 

their energy needs from renewable means by 2020. 

The 2007 Summit put forward the following concrete objectives, also known as the Climate Change Package or 

the 20-20-20 targets:  

Á a binding target to reduce EU emissions by 20% by 2020, regardless of progress made in international 

negotiations for a post-Kyoto agreement; 

Á a ōƛƴŘƛƴƎ ǘŀǊƎŜǘ ǘƻ ƘŀǾŜ нл҈ ƻŦ ǘƘŜ 9¦Ωǎ ƻǾŜǊŀƭƭ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴ ŎƻƳƛƴƎ ŦǊƻƳ ǊŜƴŜǿŀōƭŜǎ ōȅ нлнлΤ 

Á a binding target for each member state to have at least 10% of their transport fuel consumption come 

from biofuels; and  

Á achieving 20% savings in energy consumption, compared to projections for 2020. 

 

To make sure the proper legislative framework was in place, the European Commission has prepared a set of 

Directives, including the so-called RES 2020 Directive3, 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 energy from renewable sources consumed in transport, electricity and heating and 

cooling in 2020 and adequate measures for achieving these targets. The Member States were given June 2010 as 

a deadline to present their national renewable energy action plans. 

 

This ambitious package and the resulting legislative framework have led to the development of many platforms 

for the exchange of knowledge on technologies in the field of renewable energies. EUROBAT has followed the 

process closely and engaged actively with the European Photovoltaic Industry Association (EPIA). A Joint 

EUROBAT ς EPIA Working Group has been in operation since 2007 to define value streams for battery energy 

storage in different PV market segments, based on real operational models. The results of this joint working 

group were used as input to the European Commission' Strategic Energy Technology Plan (SET-Plan)4 and the 

solar initiatives therein.  

 

Another example of co-operation with other associations is the partnership with the Alliance for Rural 

Electrification (ARE). EUROBAT is partnering with ARE in the development of roadmaps for different off-grid and 

mini-grid configurations in developing countries5.  

 

In addition, EUROBAT has also built up a close relationship with the European Wind Energy Association (EWEA), 

especially with regard to the implementation of the EU Wind Industry Initiative. EUROBAT's objective is to 

position battery energy storage as a key element in supporting renewable wind energy sources and to highlight 

                                                 
3
 Directive 2009/28/EC of the European Parliament and of the Council on the Promotion of the Use of Energy from 

Renewable Sources of 23 April 2009 (http://eur -
lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:140:0016:0062:en:PDF ). 
4
 More information about the SET Plan available at: http://ec.europa.eu/energy/technology/set_plan/set_plan_en.htm.    

5
 ¢ƘŜ ǇǳōƭƛŎŀǘƛƻƴ ά9ƴŜǊƎȅ IƻƳŜ {ȅǎǘŜƳǎ ŀƴŘ aƛƴƛ-Grids ς Sustainable Cost-EffecǘƛǾŜ {ƻƭǳǘƛƻƴǎ ŦƻǊ wǳǊŀƭ 9ƭŜŎǘǊƛŦƛŎŀǘƛƻƴέ ǿƛƭƭ 

be published in June 2011. 

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:140:0016:0062:en:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:140:0016:0062:en:PDF
http://ec.europa.eu/energy/technology/set_plan/set_plan_en.htm
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their advantages such as their ability to smooth the input of intermittent wind energy which will lead to increased 

grid integration. 

 

The Climate Change Package was perceived by the European Battery Industry as an opportunity to position a 

product which can contribute in many ways to better and more efficient generation, use, distribution and grid 

integration of the different renewable energy sources. EUROBAT has therefore sought the involvement with the 

relevant RES associations in an effort to promote the different advantages and applications of battery energy 

storage systems. 
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4. BES Solutions and Benefits in Maximising RES Integration (1 kW to Several MW) 
 

In future, electricity energy storage in its various forms is expected to play an increasingly 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 sources. 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 power sources, and enough storage capacity.  

BES is the key component in this context allowing for optimised system integration of renewable energy sources. 

The functions of BES are ǾŜǊȅ ǿƛŘŜǎǇǊŜŀŘΣ ŦǊƻƳ άŜƴŜǊƎȅ ǘƛƳŜ-ǎƘƛŦǘǎέ ǘƻ άŎŀǇŀŎƛǘȅ ŦƛǊƳƛƴƎέΦ ¢ƘŜǎŜ ŦǳƴŎǘƛƻƴǎ can be 

applied to any size of RES generator, from a few kilowatts (kW) in residential or small commercial installations up 

to MW size in power generation plants.  

 

4.1. RES Integration in Grid-Connected6 Configurations7 

 

In the context of the on-going structural transformation of electricity supply, a growing demand for decentralized 

storage facilities is expected to increase substantially the share of intermittent sources (wind, photovoltaic, co-

generators, etc.) and to feed power into the medium and low voltage level. 

 

The development of advanced BES will offer more possibilities than currently used primary and secondary 

spinning reserves, which are necessary to compensate for continuous power fluctuations in the grid, as they can 

also absorb negative control power so that there is no need to reduce or shutdown station output when there is 

surplus supply. This has the advantage that fossil-based power plants (i.e. coal, oil, gas) can continuously operate 

at optimal production levels to considerably reduce CO2 impact and increase the energy efficiency of the plant. 

 

The new transmission system operators' business model for grid expansion will take into account the advantages 

of BES, which are: 

Á High value of stored energy / high cost of conventional energy during peak periods 

Á Avoids investment in distribution grid upgrades  

Á Avoids investments into additional flexible peak power generation assets 

Á In future smart grids: contribution to grid services  

Á Avoidance of grid perturbations (high short term power variations) 

Á Generate revenue from grid services 

 

4.2. RES Integration in Smart Grids8 
 

The further development of an EU Smart Grid9 will allow operators to keep track of electricity generation and 

flows. With more precise information about the electricity that is generated, the operators will be able to 

                                                 
6
 Large grids related to widespread electrical distribution systems. 

7
 For a concrete example, see Annex 1: Case Study on RES Integration in a Grid-Connected Configuration, pp.30. 

8
 For a concrete example, see Annex 2: Case Study on RES Integration in Smart Grid Configuration, pp. 31. 
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monitor the savings of energy and therefore reduce the costs. BES will contribute even more to grid services in 

future Smart Grids to the benefit of the concerned stakeholders by allowing operators to effectively control the 

flow of electricity into and out of the grid.  

BES will become particularly useful under the following circumstances: 

Á if local self-consumption is favoured to reduce energy flows on the grid in peak demands 

Á if electricity supply will be very costly during peak periods (further liberalization of the electricity markets) 

 

!ǘ ŀ ƭŀǘŜǊ ǎǘŀƎŜ ά{ǳǇŜǊ {ƳŀǊǘ DǊƛŘǎέ10 with advanced BES will be a major path to a fully decarbonised EU power 

system. Several BES systems could be combined with up to hundreds megawatt 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 Initiative11). 

 

4.3. RES Integration in Off-Grid Configurations12 
 

In the absence of a local grid, storing energy from RES and releasing it when needed at times when RES 

production is not sufficient is not fully possible, e.g. night 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 an 

extended period of time (clouds, low wind, and winter period). The actual average daily use of the stored energy 

is low but the service life is extended in such a 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 Mini-Grid Configurations13 
 

To obtain benefits for end-users and/or grid operators, advanced power management and BES need to be 

optimally designed to the specific requirements of the hybrid mini-grid (i.e. rural electrification systems etc) for 

optimal control and load by renewable energy resources. BES is very important for the optimization of such 

systems. Apart from the depth of discharge, other parameters which are of importance in defining the optimal 

BES are the ambient temperature (location) and maintenance requirements14. 

 

 

                                                                                                                                                                           
9
 EU Smart Grid, in the understanding of the IBC Taskforce, includes an intelligent monitoring system that keeps track of 

electricity generation and flows allowing them to be controlled to save energy, reduce costs and increase the reliability, 
transparency and ability to optimize the integration of renewable electricity. 
10

 CƻǊ ƳƻǊŜ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ ά{ǳǇŜǊ {ƳŀǊǘ DǊƛŘέΣ ŎƘŜŎƪ http://www.supersmartgrid.net/. 
11

 The Renewable Grid Initiative was launched in 2009 to promote the increase of renewable energy generation and 
transmission capacity in Europe. More information available at http://www.renewables-grid.eu/.   
12

 For a concrete example, see Annex 3: Case study on RES Integration in an Off-Grid Configuration, pp. 32. 
13

 Related to small electrical distribution systems that connect multiple end-users to multiple loads (sources of generation), 
often with the possibility to extend. 
14

 For a concrete example, see Annex 4: Case Study on RES Integration in a Mini-Grid Configuration, pp. 34. 

http://www.supersmartgrid.net/
http://www.renewables-grid.eu/
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5. Functions of BES for End-Users and the Electricity Supply Industry 
To note that it 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 grid-connected End-users 
 

Small and medium size users (i.e. households, industry) which are connected to the grid with a tailored BES 

system (from a few kW to 100 kW) will benefit in the followings ways: 

 

Back up Power:  

BES has the capacity to provide energy throughout the entirety of a power outage period, ensuring that a high 

level of reliable service from BES can also contribute to a controlled shut-down or transfer to on-site generation. 

Duration and frequency of power outages depend on the location i.e. strong versus weak grids. 

Typical duration is 15 minutes to 1 hour, a few times a year or weekly. 

 

Time-shift:  

.9{ ŎƻǳƭŘ ŎǊŜŀǘŜ ŜŎƻƴƻƳƛŎ ǾŀƭǳŜ ǘƘǊƻǳƎƘ ŜƴŜǊƎȅ ǘǊŀŘƛƴƎ Ǿƛŀ άǎǘƻǊƛƴƎ-selling-ŎƻƴǎǳƳǇǘƛƻƴέΥ {ǘƻǊŀƎŜ ƻŦ ŜƭŜŎǘǊƛŎŀƭ 

energy in off-peak periods when the price of energy is low followed by discharge of this energy in on-peak 

periods when energy prices are high. 

Typical duration is 1 to 6 hours, daily cycle. 

 

Peak-shaving:  

BES can reduce the load during (utility) peak demand periods by using the energy inside the BES in order to avoid 

peak demand charges, generally applying to larger industrial end-users. 

The discharged duration is between 1 to 5 hours per day. 

 

Power Quality:  

BES can protect end-user loads from various short duration events that affect the power quality such as voltage 

or frequency variation, harmonics, etc, which can disturb certain sensitive electronics. The typical durations range 

from milliseconds to a few minutes.  

 

Demand Response:  

BES allows the end-user to obtain final compensation, resulting from a contractual agreement with the grid 

operator, to turn off part of his load when 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 supplement the RES generation for 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 could take up and supplement up to 100% during ƻŦ ǘƘŜ ƎŜƴŜǊŀǘƻǊΩs nominal 

power during that time period. 

Conclusion: For the end-user the value of BES is generated from three main streams: 

Á enhanced availability, quality and security of electrical power 

Á enhanced value of (renewable) energy in periods of high demand 

Á 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 be 

a key function. BES can assist the power management in the grid and assist the response time taken by CO2 

emitting generating units for primary and secondary regulations. Besides the fact that such generators must run 

below its rated value, additional fuel is used or water is wasted, thus, excess CO2 is emitted and the overall 

efficiency of the power grid is reduced. 

 
Figure 2: Storage Power Requirements for Electric Power Utility Applications 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Electricity Storage Association 



 

 

EUROBAT White Paper ς Importance of Battery Energy Storage for Renewable Energy Supply 

  16 

 

Primary Reserve Power: 

Today, grid operators use CO2 emitting generation units that are continuously online and ready (primary spinning 

reserves) to regulate unexpected momentary energy flow variations (up or down), intervals occurring within 5-10 

seconds, with the target to maintain the grid frequency permanently within the range of the droop response. BES 

can fulfil this role more efficiently and in a more environmentally 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 frame of a few to 

several minutes to load/unload CO2 emitting spinning units to follow slow and small time-varying fluctuations. 

Today this function is provided by generating units that are continuously online, but could perfectly be fulfilled by 

advanced BES systems. 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 rapidly 

to the grid frequency signal and combine the primary 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 resources become unavailable. Today this function is 

provided by CO2 emitting generator units that are online but unloaded (spinning reserves) or off-line but ready 

for rapid use. Reserve capacity is generally between 5 minutes to 4 hours. 

 

Grid Stability & Performance / Ancillary Services to Support Transmission: 

BES can absorb or compensate for electrical anomalies and disturbances on the grid, such as voltage sags or sub-

synchronous resonance, to support transmission and improve grid performance and stability. Typical durations 

are milliseconds up to 20 seconds, with a response time of less than 1 second. 

 

Time-shift:  

.9{ ƛǎ ŀ ǇŜǊŦŜŎǘ ƛƴǎǘǊǳƳŜƴǘ ǘƻ ŎǊŜŀǘŜ ŜŎƻƴƻƳƛŎ ǾŀƭǳŜ ǘƘǊƻǳƎƘ ŜƴŜǊƎȅ ǘǊŀŘƛƴƎ Ǿƛŀ άǎǘƻǊƛƴƎ-ǎŜƭƭƛƴƎέΥ {ǘƻǊŀƎŜ ƻŦ 

electrical energy in off-peak periods when the energy price is low followed by discharge of this energy in on-peak 

periods when energy prices are high. 

Typical durations are 1 to 6 hours, daily cycle. 

 

Peak-shaving: 

BES can in many cases delay the need for investments in grid upgrades (transmission or distribution side) when 

the grid is approaching its load carrying capacity (tertiary reserve) due to growing peak electric loads. Energy 
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stored off-peak is then discharged to reduce transmission capacity requirements during peak demand periods. 

Discharge duration is between 3 to 6 hours per day. 

 

Capacity Firming of Intermittent Renewable Resources: 

{ǘƻǊŀƎŜ Ŏŀƴ άŦƛǊƳ-ǳǇέ ǊŜƴŜǿŀōƭŜǎΩ ƻǳǘǇǳǘ ǎƻ ǘƘŀǘ ŜƭŜŎǘǊƛŎ ǇƻǿŜǊ Ŏŀƴ ōŜ ǳǎŜŘ ǿƘŜƴ ƴŜŜŘŜŘΦ BES aims to use an 

intermittent electric supply source as a nearly constant 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 hour. 

The normal operation profile, however, consists of permanent charge / discharge cycles in periods of several 

minutes, meaning that BES could supplement and take up 100% during that time period. 

 

Voltage Support: 

BES can provide active power or load to the grid in order to compensate voltage drops at the end-feeder 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 storage is generated from three main streams: 

Á cost effective provision of grid support services 

Á more efficient use of existing generation/transmission assets 

Á avoiding / postponement of investment in grid / generation upgrades 
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6. BES Technologies Can Contribute to Various Applications 
 

A broad range of different electrochemical battery technologies exist. However there are four which are usually 

considered as those technologies that can effectively contribute to the efficient and sustainable use of electrical 

energy storage: 

Á Lead-based battery technology 

Á Nickel-based battery technology 

Á Lithium-based battery technology 

Á Sodium-based battery technology 

  

The selection of one of these technologies depends on the requirements regarding performance, life, safety 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 technologies exist and each of them has a role to play in the future as best solution to the needs of 

a system depending on their specific attributes: 

 

 

Battery Technologies: Characteristics: 

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

Nickel based (Ni) Proven off-shore & harsh environments, long life 

Lead based (Pb) Proven in application, low production cost 

Sodium based High energy density 
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7. Battery Technology Roadmaps 
 

7.1. Lithium-Ion Technology 

The cathode in these batteries is a lithiated metal oxide (LiCoO2, LiMO2, 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 on 

the choice of the cathode material, the nominal voltage of an individual Li-ion cell varies between 3.2V and 3.8V. 

 

Figure 3: Reaction Mechanism of Li-ion Cells  
 

 

 

 

 

 

 

 

Source: SAFT  

 

Figure 4: Cylindrical Li-ion Cells for Industrial Use  

 

 

 

 

 

 

Source: SAFT  

 

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

Key features  

The main advantages of Li-ion batteries, compared to other advanced batteries, are: 
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Á High energy density (150-200 kWh/m3, 140 kWh/ton at battery level)  

Á High efficiency (near 100%)  

Á Long cycle life (>3,000 cycles @ 80% depth of discharge) combined with long  calendar life of 20 years+ 

Á Maintenance-free 

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

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

Deployment Status 

Commercialized since the beginning of the 90's, lithium-ion batteries took over 50% of small portable market in a 

few years, but there are some challenges to making large-scale Li-ion batteries. Manufacturers are working to 

reduce the cost of Li-ion batteries, which is expected to drop with the take-off of automotive and energy storage 

markets.  The implementation of Li-ion batteries in the stationary field is in its starting phase, but has strongly 

benefited from the extensive experience gained in the development of batteries for electric 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 in 

place achieving 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 for mass production of industrial 

size cells and batteries is poised to reduce system cost in the future.  

 

7.2. Sodium-based Technology 

The cathode is Nickel Chloride (Ni CL2) while the anode is made of Sodium (Na). The electrolyte is made up of 

tetrachloralluminate of sodium (such as NaAlCL4), 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 migrate through 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 charge is нbŀ/ƭ Ҍ bƛ   Ҧ   bƛ/ƭ2 + 2Na, the opposite for 

discharge. 
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Figure 5: Reaction Mechanism of Sodium-based Cells   

Source: FZ SoNick 

Key Features 

The main advantages of Na- NiCl2 batteries, compared to other advanced batteries, are: 

Á Immunity to ambient temperature condition (service from -40°C to + 60°C ) 

Á No needs of air conditioning 

Á High energy density (complete battery level: 170 kWh/m3,120 kWh/ton)  

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

Á Maintenance-free 

Á SOC & SOH indication, remote monitoring of the systems 

Á 100% recyclable    
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Deployment Status 

Commercialized since the middle of the 90's, Sodium Nickel Chloride batteries have originally found application 

for electric vehicles  and hybrid electric vehicles such as buses, trucks, vans and today the technology is mature to 

enlarge the application to telecom and back-up markets and on/ off grid energy storage. Currently the only 

manufacturer is working to increase the production capacity and to reduce the cost of these batteries. A second 

manufacturer is coming into the market (expecting to make their product available in 2011). 

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

and extensive experience obtained in the development of batteries and systems for electric and hybrid vehicles 

ƛǘΩǎ ŦƻǊŜǎŜŜƴ ǘƻ ōŜ Ŧŀǎǘ ŀƴŘ ǎǳŎŎŜǎǎŦǳƭΦ 5ŜƳƻƴǎǘǊŀǘƛƻƴ ǎȅǎǘŜƳǎ ŎƻƳōƛƴŜŘ ǿƛǘƘ ǊŜƴŜǿŀōƭŜ ƎŜƴŜǊŀǘƻǊǎ όƭŀǊƎŜ t± 

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- up applications.  

 

7.3. Lead-based Technology 

The positive electrode contains lead dioxide (PbO2) and the negative contains spongy lead (Pb) as active material. 

The electrolyte is aqueous sulphuric acid and participates in the charge/discharge reactions. 

 

O2H2PbSOSO2HPbPbO 24422  
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Figure 6: Reaction Mechanism of Lead-based Cells  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Source: Enersys, Division Oerlikon  

 

 

Key Features 

Á Generally the lowest-cost solution, with low cost/kWh to install as well as low cost/kWh electricity 
throughput 

Á Nominal voltage: 2.0 V 

Á Charge-discharge efficiency: 75% - 85 % 

Á Lifetime: 1,800 cycles @ 80% DOD, or 20+ years in stationary (float) applications 

Á Operating temperature range between -30°C and +50 °C 

Á Significant lead ore reserves and resources, combined with a high level of material recycling (virtually 
100% of lead is recycled from collected batteries) with 50% of annual lead consumption from recycled 
material 

Á Lead acid batteries are robust and less sensitive to application conditions. They can be connected in 
large configurations without sophisticated management systems 

Á Mass produced, and many readily available commercial product lines 

 

Deployment Status 

The lead acid chemistry was commercialized more than 100 years ago. Different designs are in use for various 

applications, including: valve regulated (maintenance free with 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 from 1 ampere-hour (Ah) to 16,000 Ah, with use 

in nearly all applications except small portable and mobile systems. The large variety of applications includes long 

calendar life with continuous overcharge (up to 20 years), high-rate cycling in motive power (e.g. forklifts) and 
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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 materials and lower 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. Complete turnkey 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 RES systems will be realized. 

 
7.4. Nickel-based Technology 
 

7.4.1. NiCd Technology 

Nickel-Cadmium (Ni-Cd) accumulator systems are built with different electrode designs, the 4 main ones being 

pocket plate, sintered plate, plastic-bonded plate and fibre structure plate 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 of a Ni-Cd accumulator: 2NiOOH + Cd + 

2H20 Ą  2 Ni(OH)2 + Cd(OH)2. 
 

Figure 7: Nickel-Based Cells 
 
It is of high importance to state that in an alkaline 
system the electrolyte is not involved in the cell 
reaction, in contrast to other battery technologies. 
The electrolyte is only used as a means of trans port for 
OH-ions. But, this fact ensures a very good temperature 
performance, at cold temperatures, and high 
electrochemical stability at high temperatures resulting 
in high lifetime and reliability at these temperatures. The 
nominal voltage of the Ni-Cd cells is 1.2 Volts (V). The cells 
have a prismatic casing or container design made of high 
impact resistance poly-propylene (PP) material. Other 
flame retardant materials and stainless steel are also 
available.   

  Source: SAFT                    
 

Key Features 
 

The key features of the Ni-Cd battery technology are:  

 

Á Extremely high electrochemical robustness 

Á High mechanical robustness 
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Á Usable at extreme low and high temperatures from -50°C up to +60°C 

Á High number of operating cycles (from 2,000 up to 3,000 full cycles @ 80% DOD,  depending on cell 

design) 

Á Chargeable with high currents 

Á Different electrode designs available for high power to high capacity performance 

Á No damages caused by overcharging, deep discharge and partial state-of-charge operation 

 

Deployment Status 
 

The Ni-Cd 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 the Ni-Cd battery technology 

provides low acquisition costs and also low life cycle costs for the operator. 

 

The service life of Ni-Cd batteries is one of their important features. The cells can be stored without capacity loss 

for a very long time and after this, only a few charge / discharge cycles are needed to reach the full performance. 

The total service lifetime of a Ni-Cd battery is not driven by its calendar age, but is highly dependent on the 

conditions during operation of the battery. Based on the present experience with the Ni-Cd 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 close to 100% recovery of Cd, which can be 

infinitely re-used for battery manufacturing purposes.  

 

Outlook 
 

Further research and development of the Ni-Cd technology will improve the energy density, the weight and 

dimensions of this battery technology. Also reducing acquisition costs and life cycle costs are targets for the Ni-Cd 

technology manufacturers. 

  
7.4.2. NiMH Technology 

 

Nickel-metal hydride (NiMH) is a commercially important rechargeable battery technology for both consumer and 

industrial applications due to design flexibility, excellent energy and power, environmental acceptability and cost.  

 

A nickel-metal hydride cell, abbreviated NiMH, is a type of secondary electrochemical cell similar to the nickel-

cadmium cell. The NiMH battery uses a hydrogen-absorbing alloy  for the negative electrode instead of cadmium.  

A NiMH battery can have two to three times the capacity of an equivalent size nickel-cadmium battery. The 

specific energy for NiMH material is approximately 60 Wh/kg. NiMH has a volumetric energy density of about 

300 Wh/L, significantly better than nickel-cadmium at 50ς150 Wh/L, and about the same as Li-ion at 250-360 

Wh/L. 

 

http://en.wikipedia.org/wiki/Rechargeable_battery
http://en.wikipedia.org/wiki/Alloy
http://en.wikipedia.org/wiki/Electrode
http://en.wikipedia.org/wiki/Cadmium
http://en.wikipedia.org/wiki/Nickel-cadmium_battery
http://en.wikipedia.org/wiki/Specific_energy
http://en.wikipedia.org/wiki/Watt-hour
http://en.wikipedia.org/wiki/Liter
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Electrochemistry 

The negative electrode reaction occurring in a NiMH cell is: 

 

 

The charge reaction is read left-to-right and the discharge reaction is read right-to-left. 

On the positive electrode, nickel oxyhydroxide (NiOOH) is formed: 

 

 

The "metal" M in the negative electrode of a NiMH cell is an intermetallic compound. Many different compounds 

have been developed for this application, but those in current use fall into two classes. The most common is AB5, 

where A is a rare earth mixture of lanthanum, cerium, neodymium, praseodymium and B is nickel, cobalt, 

manganese, and/or aluminum. Very few cells use higher-capacity negative material electrodes based on AB2 

compounds, where A is titanium and/or vanadium and B is zirconium or nickel, modified with chromium, 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 compounds. When overcharged at low rates, oxygen produced at 

the positive electrode passes through the 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 remain 

sealed in normal operation and to be maintenance-free. 

 

NiMH cells have an alkaline electrolyte, usually potassium hydroxide. For separation hydrophilic polyolefin 

nonwovens are used. Ni/MeH is technically superior to Ni/Cd in a number of technical aspects and it can be used 

in many applications. 

 

Key Features 

Á Highly compact design 

Á Lower weight requirements than NiCd  

Á Lower volume requirements than NiCd  

Á Completely rechargeable at lower voltages  

Á Environmentally accepted components  

Á Low pressure AB5 hydrogen storage alloy  

Á Reliable and safe operation, sealed or valve-regulated  

Á High performance  

Á Wide temperature limits of operation (-20°C (pulses) ... 40°C) 

 

http://en.wikipedia.org/wiki/Electrode
http://en.wikipedia.org/wiki/Intermetallic
http://en.wikipedia.org/wiki/Rare_earth_element
http://en.wikipedia.org/wiki/Lanthanum
http://en.wikipedia.org/wiki/Cerium
http://en.wikipedia.org/wiki/Neodymium
http://en.wikipedia.org/wiki/Praseodymium
http://en.wikipedia.org/wiki/Nickel
http://en.wikipedia.org/wiki/Cobalt
http://en.wikipedia.org/wiki/Manganese
http://en.wikipedia.org/wiki/Aluminium
http://en.wikipedia.org/wiki/Vanadium
http://en.wikipedia.org/wiki/Zirconium
http://en.wikipedia.org/wiki/Chromium
http://en.wikipedia.org/wiki/Iron
http://en.wikipedia.org/wiki/Alkaline
http://en.wikipedia.org/wiki/Electrolyte
http://en.wikipedia.org/wiki/Potassium_hydroxide
http://en.wikipedia.org/wiki/Polyolefin
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8. BES and Social & Employment Aspects 
 

The EU Battery Industry represents over 40,000 employees. In addition to this, the battery collecting and 

recycling business creates considerable employment opportunities in Europe. It is also a major contributor to the 

business of secondary materials. Today there is a large domestic industrial battery market. One of the key 

challenges for the EU Battery Industry is to effectively promote its position in emerging markets related to RES 

and RES integration. 

 

Batteries represent the main solution to the power needs of a widespread number of applications, from vehicles 

and portable devices to RES systems, through a variety of industrial uses, to ensure energy supply in cases of 

power failure (UPS, telecommunications), as well as in strategic defence applications. In this way the battery 

industry is a key industrial sector in Europe contributing to employment and social welfare.  

The ability to continue or further increase the 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 developments efforts 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 technology. Finally this will benefit European employees and 

consumers by guaranteeing job growth and ensuring the introduction of efficient and quality products on the 

market at reasonable prices. BES can also contribute to energy independence and security of energy supply. 
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9. BES and Economic & Environmental Aspects  
 

The EU Battery Industry is very committed to waste prevention and recycling. The Battery Directive15 establishes 

a principle of producer responsibility. The combination of the legal obligations on the take-back of batteries and 

the ban on landfilling and incineration ensures the collection of used batteries. In addition, spent industrial 

batteries are highly unlikely to be disposed of in the municipal solid waste stream because professional users 

appreciate the economic value of materials recycling.  

 

Infrastructure for the collection and recycling of batteries exists all over Europe and therefore minimizes the 

negative impact of batteries and waste batteries on the environment, thus contributing to the protection, 

preservation and improvement of the quality of the environment. Battery transportation and safety via ground, 

air and sea is dealt with via specific EU regulation. 

 

As batteries are highly recyclable, they are a major source 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 materials from emerging markets, no 

shortage of these materials is foreseen in the European Battery Industry even in the long run. 

 

Efficient and cost-effective management of energy is a must because of the rising cost of conventional electricity, 

fossil fuels, new decentralized power-gen plants and the further electrification of transportation. In addition 

there is concern about the environmental compatibility and the further liberalization of the electricity markets. 

Rechargeable batteries can fulfil these roles.  

 

BES will enhance the continuous increase of RES in the energy mix. BES will enhance further energy savings at grid 

and at household level to decrease the environmental impact of resources used and amount of waste generated, 

decrease energy and material consumption, and decrease CO2 emissions. 

Lifecycle cost analyses show batteries to be clean, efficient and, in certain configurations, already economically 

viable when compared with other energy options (e.g. directly from fossil fuels, nuclear, renewables).  

 

 

 

 

 

 

 

 

 

 

 

                                                 
15

 Directive 2006/66/EC of the European Parliament and of the Council of 6 September 2006 on Batteries and Accumulators 
and Waste Batteries and Accumulators (http://eur -
lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2006:266:0001:0014:en:PDF). 

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2006:266:0001:0014:en:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2006:266:0001:0014:en:PDF
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10. Conclusion  
 

The European Battery Industry can clearly contribute to the three goals identified in 9ǳǊƻǇŜΩǎ ŜƴŜǊƎȅ ǇƻƭƛŎȅ of 

reducing greenhouse gases, increasing the use of RES and reducing primary energy consumption through 

increased energy efficiency by providing efficient and capable energy storage solutions.  

 

BES, through their integration at a variety of places, from energy production to point of use, helps in the growth 

of Renewable Energies and contributes to their full integration in off-grid, mini-grid and on-grid configurations. 

Furthermore, BES gives a greater value to RES generated-electricity in numerous ways most important of which is 

ensuring a regular, accessible and uninterrupted flow of electricity.  

 

BES also have an important part to play in supporting the Electric Utility Industry in its key function by managing 

RES power and quality during generation, transmission and distribution. Furthermore, BES brings added value to 

end-users (households and industry) in terms of savings and the availability, quality and security of electrical 

power. 

 

All four currently dominant battery technology families can contribute to these aims, complimenting each other 

to meet the diversity of operating modes required. Furthermore, their use as energy storage systems is becoming 

very competitive when their advantages over other systems are considered. However, BES-RES System 

integration should be further optimized for off-grid, mini-grid and grid-connected configurations, through 

additional R&D, field tests and demonstration projects. 

 

Finally, BES technologies have a minimal acceptable impact on the environment being highly recyclable and 

having an existing infrastructure for their collection, recycle and disposal in sustainable ways which are regulated 

by the Battery Directive and the End-of-Life Vehicle Directive16. 

 

BES therefore provides clean, efficient and environmentally sustainable solutions to energy storage needs to the 

benefit of the Electric Utility Industry, end users and society as a whole. 

 
 

 

 

 

 

 

 

 

 

 

                                                 
16

 Directive 2000/53/EC of the European Parliament and of the Council of 18 September 2000 on End-of Life Vehicles 
(http://eur -lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2000:269:0034:0042:EN:PDF). 

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2000:269:0034:0042:EN:PDF
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ANNEXES  
 

Annex 1: Case Study ς RES Integration in Grid-Connected Configurations 
 

Sol-Ion Project: 

Industries and institutes joining forces to develop an innovative PV energy system, providing added value to 

producers, consumers and grid operators17 

The Sol-ion partnership developed an integrated kit for conversion, storage and management of PV energy, 

suitable for production on an industrial scale for decentralized grid-connected, residential PV systems. This 

project is introducing Li-ion batteries into PV systems on the largest scale ever tested to meet the need for 20 

ȅŜŀǊǎΩ battery. The system will provide strategic management of the power flows within the PV panels, the 

battery, the house and the grid.  This will shift excess power production at noon to make it available for use in the 

evening, maximizing ΨǎŜƭŦ-ŎƻƴǎǳƳǇǘƛƻƴΩ ŀƴŘ ƭŜŀŘƛƴƎ the movement towards energy autonomous buildings, as 

well as providing backup and managing grid injection of any power remaining. The Sol-ion project will also 

provide an insight into the use of energy storage for demand side management, especially with regards to peak 

shaving and its integration within future smart grid developments. 

System components 

This solution has been developed to accommodate PV energy production of 5 kWp PV panel 
 
Every Sol-ion comprises: 

 Grid inverter  and Li-ion battery: 5 to 15 kWh, 170 to 350 V  
 Battery converter and  Energy Management System 

 
 

 

 

 

 

 

 

 

 

 

                                                 
17

 The Sol-ion partnership (2008-until present) is a Franco-German collaboration involving ten partners (SAFT, Voltwerk, 
Fraunhofer IWES, E-ON, INES, Tenesol, etc). The project integrated Li-ion batteries into PV systems. More information is 
available at: http://www.sol-ion-project.eu.  

http://www.sol-ion-project.eu/
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Annex 2: Case Study - RES Integration in Smart Grid Configuration 

 

GROW-DERS Project 

Grid Reliability and Operability with Distributed Generation using Flexible 

Storage 18  

 

To demonstrate the technical and economical possibilities of existing electricity storage technologies, the GROW-

DERS project provides the solution by using transportable (container) and flexible storage systems, made possible 

by new developments in power electronics. In this innovative demonstration project operational experience is 

gained and the technical and economic feasibility of storage systems will be demonstrated. On four sites, three 

different storage systems and a combination will be evaluated with a technical-economical assessment tool 

(TALOS) including intelligent prediction software. Transportable storage provides a flexible asset for network 

management introducing possibilities for deferral of investments in expensive switch-gear, avoids stranded assets 

and creates possibilities to enable the European industry to become leading in economically viable operation of 

distribution grids with large scale penetration of DER (distributed energy sources)/RES using storage systems to 

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

 

 

 

 

                                                 
18

 The project GROWDERS (2007-until present) is funded by the European Commission (Sixth Framework Programme). It 
gathers different partners (KEMA, Continuon, Iberdrola, MVV, EAC, CEA-INES, IPE, Exendis, SAFT and Chloride). More 
information is available at http://www.growders.eu.  

http://www.growders.eu/
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Annex 3: Case Study - RES Integration in an Off-Grid Configuration 

 

3a. Project CMPP - Centres Médicaux Pédiatriques Persis in Ouahigouya, Burkina Faso19 
 

This is a project of a solar-off-grid system for a charitable organization for prevention against the NOMA-disease. 

The goal was to overcome the numerous daily power outages of the grid and to secure the supply of power for 

the medical equipment of CMPP hospital. The system was completely financed by donations and sponsoring of 

hardware including the 48 PV panels, electronic controller equipment and the VRLA-AGM batteries. Today 

approximately 17 kWh is produced with the installed PV system which represents approximately 45% of the 

needed power of the hospital complex. The savings are enough to engage an additional medical doctor for the 

children and adults suffering from NOMA. 

 

The battery bank consists of 2 strings of 32 lead-acid batteries (12Volt ς 110 Ah C10, VRLA-AGM monobloc). The 

battery is designed for a daily depth of discharge of 20-25% and 1,000-1,500 cycles. Production of the PV 

installation is 16.9 kWh per day as an average. This represents approximately 45% of total power consumption. 

The installation of another PV system is planned with a view to increase the independency from external power 

sources and to improve cost savings. 
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The CMPP is part of a larger social activity programme of the Association of Persis Burkina (APB). APB is recognized by the 
Burkina Faso government since 1994 and has developed activities in rural and urban areas. More information is available at 
http://association.persis.free.fr.  

http://association.persis.free.fr./
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3b. Project SFR GSM Radio Base Station, in Fitou, Southern France 
 

SFR is a Mobile Operator in France and operates a large number of 2G and 3G base stations covering over 90% of 

France. Among those, a limited number of BTS is ǇƻǿŜǊŜŘ ōȅ ŀ t± ǎȅǎǘŜƳ ƛƴ ŀ ǇǳǊŜ άhŦŦ DǊƛŘέ ŀǇǇƭƛŎŀǘƛƻƴ ŜǾŜƴ 

without an additional diesel genset. This reference project was implemented in Fitou, near Carcassonne (Aude 

Department) in Southern France. 

Technical specifications:  

Á Power: 24 kWp 

Á Batteries: 4 strings of 24 x 16OPzV2000 (2V - 2629Ah, C120) 

Á Autonomy: approx. 4 days 

Á Daily depth of discharge: 20% 

Á Planned Number of cycles: 3,500 

The system runs on batteries only, no additional power genset is installed. The battery consists of 4 strings with 

24 cells PowerSafe 16OPzV2000 (2V - 2629Ah C/120) each; totally 48V 10,500Ah @ C120. Autonomy in case of 

bad weather is approximately 4 days, depending on load factor of the BTS. The batteries are placed in a shelter 

without air conditioning system and must therefore withstand hot and cool temperatures. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


