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Introduc&on)

•  Ongoing%transi,on%towards%„green“%economy%depends%on%
technologies%for%electrical%energy%storage%
–  Reliable%wind%and%solar%power%
–  Self:sustaining%residen,al%homes%
–  Locally%emission:free%electric%mobility%

•  EU%market%for%lithium:ion%baTeries%
–  2012:%0,75%B%US$;%2017:%1,65%B%US$%
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Lithium9Ion)Energy)Storage)

•  Lithium:ion%baTeries%among%leading%technology%for%electrochemical%
energy%storage%
–  1,000%liters%of%water%at%365%meters%eleva,on%%≈%%6%kg%lithium:ion%baTeries%

•  Safe%and%efficient%opera,on%requires%close%monitoring%of%each%cell‘s%
voltage,%current,%and%temperature%values%
–  Cell%voltage%3.3%V%...%4.2%V,%temperature%:10%°C%...%+40%°C%

�  BaTery%management%system%(BMS)%to%control%charging%and%
discharging%and%protect%cells%from%opera,ng%outside%safe%regions%
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Towards)Advanced)Ba<ery)Monitoring)

•  BMS%has%limited%computa,onal%power%and%on:board%memory%
•  At%the%same%,me,%increasing%need%for%complex%data%analyses%

–  Kalman:filter%methods%for%es,ma,ng%the%precise%state%of%charge%
–  Data%mining%techniques%for%analyzing%long:term%cell%aging%effects%
–  Automated%supervision%and%control%capabili,es%for%power%storage%

manufacturers,%u,lity%companies,%and%e:fleet%managers%%

�  Server:based%data%collec,on,%monitoring%and%control%capability%for%
lithium:ion%baTery%packs%

4%



COST%ARVI%Mee,ng%in%Tallinn,%Estonia%
10.:11.%December%2015%

CeLiM)System)Prototype)

•  Simultaneous%logging%of%high:volume,%fine:grained%data%streams%
•  On:the:fly%analysis,%verifica,on,%and%event%genera,on%
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CeLiM)System)Example)
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Effizienzhaus)Plus)in)Berlin,)Germany)
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•  Self:sustaining%residen,al%home%with%PV%
•  Sta,onary%lithium:ion%baTery%with%43,2%kWh,%

7.420%cells%(second:life%use)%in%70%modules%
•  BaTery%management%system%monitors%

voltages%and%temperatures%in%modules%
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Faults)in)Effizienzhaus)Plus)Modules)
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Faults)in)Effizienzhaus)Plus)Modules)
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Faults)in)Effizienzhaus)Plus)Modules)
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•  Assume%component:
based%framework%%

•  Each%component%has%
health&mode&&
–  mode%defines%a%set%of%

dynamical%equa,ons%%

%

%
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Modeling)for)Diagnosis)
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•  Iden,fy%component(s)%that%are%root%cause%of%failure%(error)%%
%

•  Simula,on:%solve%problem%y%=%f(x,h)%%
•  Diagnosis:%solve%inverse%problem%h%=%f:1(x,y)%
•  Diagnosis%result:%h2%=%faulty,%or%h4%=%faulty%and%h5%=%faulty,%etc.%
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Principles)of)Model9based)Diagnosis)
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•  Run%mul,ple%simula,ons%
(each%simula,on%reflects%
different%health%state)%

•  Choose%simula,ons%that%
minimize%some%residual%
func,on%

•  Report%diagnosis%result%as%
probability%of%components%
being%healthy/faulty%
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Experimental)Results)

•  Coupling%RV%monitors%with%model:based%diagnos,c%framework%
Lydia:NG%[Feldman%et%al.%'13]%

•  Hybrid%model%of%Effizienzhaus%baTery%pack%in%Lydia:NG%
–  1128%variables,%212%SPICE%circuit%simula,ons%
–  30%minutes%run,me,%1%single:fault%hypothesis%
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Experimental)Results)

•  Coupling%RV%monitors%with%model:based%diagnos,c%framework%
Lydia:NG%[Feldman%et%al.%'13]%

•  Hybrid%model%of%Effizienzhaus%baTery%pack%in%Lydia:NG%
–  1128%variables,%212%SPICE%circuit%simula,ons%
–  30%minutes%run,me,%1%single:fault%hypothesis%

•  Qualita,ve%model%of%Effizienzhaus%baTery%pack%in%Lydia:NG%
–  ok&values%propagated%if%component%is%correct%
–  faulty&values%observed%for%triggered%RV%monitors%
–  10%seconds%run,me,%6%single:fault%hypotheses%
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Experimental)Results)

•  Coupling%RV%monitors%with%model:based%diagnos,c%framework%
Lydia:NG%[Feldman%et%al.%'13]%

•  Hybrid%model%of%Effizienzhaus%baTery%pack%in%Lydia:NG%
–  1128%variables,%212%SPICE%circuit%simula,ons%
–  30%minutes%run,me,%1%single:fault%hypothesis%

•  Qualita,ve%model%of%Effizienzhaus%baTery%pack%in%Lydia:NG%
–  ok&values%propagated%if%component%is%correct%
–  faulty&values%observed%for%triggered%RV%monitors%
–  10%seconds%run,me,%6%single:fault%hypotheses%

•  Qualita,ve%+%Hybrid%model%(QM%used%to%filter%hypotheses)%
–  7%SPICE%simula,ons,%1%minute%run,me,%1%single:fault%hypothesis%
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Conclusions)

•  Lithium:based%electrochemical%energy%storage%requires%close%
monitoring%for%safe%and%efficient%opera,on%

•  Sotware%tool%CeLiM%for%logging,%analyzing,%and%visualizing%baTery:
related%data,%including%on:line%monitoring%capability%using%RV%
techniques%

•  Outlined%and%experimentally%tested%possible%coupling%of%RV%with%
exis,ng%model:based%diagnosis%framework%Lydia%NG%

•  Currently%working%on%more%general%theory%for%combining%run,me%
verifica,on%and%diagnosis%
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•  Freely%available%measurements%(open%data%commons:licensed)%
•  Currently%~%3.7%GB%data%from%different%lithium:ion%cell%types%

Open)Ba<ery)Data)PlaVorm:)Openba<ery.org)
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•  Up:%and%downloads,%search,%visualiza,on;%later%also%analysis%

Open)Ba<ery)Data)PlaVorm:)Openba<ery.org)


