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ABSTRACT: An innovative battery architecture and management system was developed in the course of 
European Research project ENK6-CT2000-00326. 
The innovative system developed by EDF slows down or overcome lead acid battery “unusual” degradation 
process which is currently observed in the renewable energy systems (RES); this whatever uncontrolled source 
and demand. The general principle is to manage the battery by individual strings with advanced and innovative 
functions ensuring complete effective recharge every cycle and exact real time SOC and SOH control. 
The main project objective is to improve batteries exploitation lifetime (by more than 50%) for every kind of 
renewable energy systems using lead acid batteries. This gain will present strong benefits by lowering the cost of 
RES exploitation without increasing installation costs. This paper describes the MULTIBAT principle and reports 
the development advances and results obtained during the European project. 
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1 STAND ALONE RES STATE OF THE ART & 
MULTIBAT OBJECTIVES 
 

Photovoltaic represents a very interesting and 
appropriate solution in many cases, especially for rural 
decentralised electrification. For Europe it is estimated 
that the total population that lives without electricity is 
approximately 1.2 million, mainly at isolated locations in 
the Mediterranean area. This number will be probably 
increased with the recent adhesion of east countries to the 
European Community.  

One of the biggest handicaps for stand alone RES is 
that solar or wind are uncontrolled sources to supply 
often an uncontrolled demand and hence the need to 
integrate battery storage in PV system. Batteries can 
count for up to a third of total RES cost but they can 
count for more than 90% in the maintenance cost. This 
problem to be solved has an important impact on 
renewable energy final cost calculation and is limiting the 
process of large-scale exploitation. 

From the storage technical point of view, due to 
uncontrolled energy generation and demand the lead acid 
batteries generally suffers from bad recharge conditions 
giving irreversible sulphating and acid stratification. This 
leads to fast lost of autonomy and premature battery life 
termination giving high exploitation cost to system. 
Moreover, state of charge (SOC) and state of health 
(SOH) of batteries are difficult to measure and no reliable 
system exists. This gives also to RES poor predictability, 
high cost and bad image for  
final user. However, some reasons to be optimistic exist 
because lead acid batteries research is in continuous 
progress and experience shows that some batteries in the 
field reach very long exploitation time, this is probably 
explained because such batteries meet perfect electrical 
management. 
 
 

2    MULTIBAT OBJECTIVES 
 

The MULTIBAT system developed by EDF aims at 
improving battery management for stand alone renewable 
energy systems this will lead to increase drastically lead 
acid battery lifetime and to reduce significantly storage 
over-sizing. Therefore, the final objectives with this work 
are to decrease by factor two the full cost of stand alone 
RES at medium term (2010) and to increase the 
penetration of renewable energies in Europe and world. 
The MULTIBAT system will optimise power quality for 
stand alone and hybrid systems and could contribute 
significantly to the objectives of the white paper on the 
RES community politic (12% RES in the energy balance 
for 2012).  
 
 
3    MULTIBAT PRINCIPLE 

The innovative MULTIBAT system will be able to 
slow down or overcome lead acid battery degradation 
process which is currently observed; no matter how 
variable the energy source or demand. 

The general principle is to manage the battery by 
individual strings with advanced and innovative 
functions. Graph 1a shows a standard system where 
batteries are all working together. This configuration 
gives most of the time insufficient recharge period 
(mainly in winter for PV) and battery degradation 
processes occur. The graph 1b shows the Multibat 
architecture, the whole battery is divided by strings which 
are independent; therefore, each battery part is managed 
separately and can be fully charged one by one before to 
be authorized to discharge, this even during 
underproduction period. 
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A complete power full algorithm using PWM 

charges with advanced battery state detection and 
innovative de-sulphating strategies are used. This allows: 

 
• Effective and controlled full battery charges 

every cycles; 
• Charge by string at high current giving higher 

active materials reversibility and an efficient 
acid de-stratification; 

• Extension of battery lifetime to maximum 
battery manufacturing ability; 

• No premature lost of autonomy giving lower 
battery sizing for system 
 

     Moreover, using this innovative architecture, RES 
storage function becomes predictable and maintenance 
operations are simplified: 

 
• Every battery string state by master controller 

giving exact real time SOC and SOH 
measurements 

• The summation of all strings gives the complete 
system SOC and real autonomy 

• The last batteries string capacity is recorded and 
gives accurate SOH 

• The system remains operational during 
maintenance or a battery string replacement 

• Each string can be made of different battery 
kind… 

 
 
4  “MULTIBAT” EUROPEAN RESEARCH PROJECT 

STATUS 
 
 In order to fulfil these objectives, MULTIBAT 
European project is running (ENK6-CT2000-00326) 

since January 2001 in the course of 5th PCRD. The 
project technical objectives are: 
 Development of MULTIBAT equipment using 
several innovative strategies; 
 Demonstration on several sites or laboratories with 
the purpose to validate good operations and to 
quantify the MULTIBAT impact on true systems. 

 
 Analysis results and conclusions. 

 
Development and laboratory tests are carried out by 

EDF, ECN and CEAC, while demonstrations on real sites 
were done by ATERSA, Arsenal Research and CRES. 
 
During the first project phase switches (photo 1) and 
master controller (photo 2) were developed by EDF. 
 

Second part of project were devoted to lab test in 
EDF, CEAC and ECN. Tests on individual components 
were made (EMC, thermal, electrical tests). Complete 
systems were manufactured (photo 3) in two voltage 
categories (24V & 48V), these systems are operating in 4 
tests platforms. Finally comparative battery tests with or 
without MULTIBAT using same simulated PV 
irradiation and load profiles are running in the purpose to 
quantify the exact benefit of MULTIBAT on battery 
lifetime.  
 

The last part of project concerns demonstration in 
real sites: 

• the lightning of ATERSA factory in Spain with 
a PV system; 

• the electricity supply for a Greek farm house, 
using an hybrid system PV / diesel (by CRES); 

• the lightning of a temple in Austria, using a PV 
system (by Arsenal Research); 

• the demonstration of a PV/wind installation by 
ECN in the Netherlands. 

 
 
 

   

   

Graph 1a   

Graph 1b  
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The MULTIBAT systems (pilots) were 
manufactured and installed in these real sites for field 
tests.  
As result example, the graph 2 presents the data obtained 
with MULTIBAT system for lightning demonstration. 
These data show good operations with systems. During 
this day a lightning current consumption is observed 
between 10 and 11 o’clock. This current is provided by 
batteries 2, 3 & 4 whereas battery 1 remains in charging 
status. When this battery reaches predetermined high 
charging voltage a charge complement procedure starts 
and battery 2 begins charging process. During this time 
other batteries are kept in discharge status waiting for 
charge authorization.  

Photo 2 

 
 

 
Photo 3 
 

Photo 1 
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Graph 2 
 
 
5 MULTIBAT VALUE ANALYSIS 
 

In order to better quantify the MULTIBAT system 
value, the graph 2 shows the normalised cost figure for a 
RES 48V/1500Wp. The calculation made takes into 
account with MULTIBAT, the improvement of 
exploitation battery lifetime, the simplification of 
maintenance procedures and the decrease of RES sizing 
keeping same system autonomy. The MULTIBAT short 
term figure show cost reduction about 30% and for the 
longer term figure (2010) a 50% cost reduction is 
obtained. These results are mainly linked to important 
reduction of exploitation RES costs, the over investment 
due to MULTIBAT system hardware is compensated by 
lower sizing of storage system for same real autonomy.  
 
 
6 CONCLUSIONS & PERSPECTIVES 
 

The innovative battery manager system MULTIBAT 
developed and patented by EDF should bring a 
significant contribution for renewable energy penetration 
in Europe and World. Using MULTIBAT, full cost 
reduction of RES by 50% in 2010 is expected, leading to 
better stand alone RES market acceptance. 
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The next project phases are: 

 Results monitoring continuation during 2004; 
 Preparation of new projects for new installation 

and applications. 
 Industrial take off is expected in 2005. 

 
Acknowledgement to the European Commission for 
financial support.  

04th May 2004 - ATERSA's Plant - SPAIN

7 8 9 10 11 12 13 14 15 17 18 19 20 21 22 23

Plant 
consumption

30 A

PV Charge
Sun + Clouds

bat 3

Charge bat 2
partial

discharge bat 
3 & 4

Charge bat 1 
completed

bat 4

bat 2

bat 1

Ba
tte

ry
 C

ur
re

nt
s

Ba
tte

ry
 V

ol
ta

ge
s

Time

19th European Photovoltaic Solar Energy Conference, 7-11 June 2004, Paris, France

 2041



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


