Program Temadag
Optimal udnyttelse af solcelle-el i énfamiliehus

21. juni 2016 ki. 13.00 - 16.00

13.00—13.15 v/lben @stergaard

e Velkomst og indledning
e Kort beskrivelse af de to forsggsopstillinger
e Og kort beskrivelse af status.

13.15 - 13.45 v/Ivan Katic

e Forsggsresultater, cykluseffektivitet m.m.
o Forsgg 1 og forsgg 2 —

e Status, problemer,
o Forbrugsprofiler
o Lavvirkningsgrad pa inverter

13.45 — 14.00 v/Claus Martin Hvenegard og lvan Katic

e Prasentation af dimensioneringsprogram

14.00-14.45

Besgg i Energy Flex house og kaffepause

14.45 — 15.15 v/Lars Barkler

e Videre perspektiver med batterier til lagring af solcelle-el :
o Erfaringer i Lithium Balance
o Hvor teet er vi pa at kunne levere batterisystemer til husholdninger
o @konomi mm.

15.15 — 15.45 v/lvan Katic

e Varmepumper eller andre termiske lagre for solcelle-el

15.45

e Opsamling og afslutning
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m Hvorfor lagre energi? m

batterier til lagring af solcelle-el

- -
Videre perspektiver med :

Flexibility
Temadag, Teknologisk Institut ' '
Lars Barkler

Demand Storage
21. juni 2016
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Prototype test i EnergyFlexhouse m
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Yderligt potentiale ved fleksible w

elpriser

* Solcellebatterier Battery lifecycle test
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Hvad nu? m

* Projektet viser behov for at arbejde med:
— Inverter-effektivitet
— Sikkerhedsstandarder for solcellebatterier

— Solcelle-batterier pa markedet, der opfylder
sikkerhedsstandarderne

— Praktiske vejledninger for installation og
vedligehold af solcellebatterier
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X. ELFORSK

Velkommen til tema-m@de om:

Optimal udnyttelse af
solcelle-el i énfamiliehus

Optimal lagring af
sol-celle-elektricitet i énfamiliehuse

+ Program
Et Elforsk projekt med ~Ee ?,é?ﬁw
deltagelse af;
hl: '“_ * Velkomst o indledning
Teknologisk » Projektindheld — og status
Institut 5
— 13.15-13.45
Lithium Balance g Ivan Katic:
support fra v « For I } ivitet m.mm.
2 + Forseg 1og forseg 2 =
Gaia Solar « Samlet o hver for sig
= Status, problemer
>} oo -
R L € eLroRsk e iy AR ARANCE D€ ELrorsk
) éIBAsh-dl:uonH rd I Kati
aus Martin venesa 9g Ivan Katic:
.p n af dimensioner \gsprogram Baggrund
* 14.00-14. 45
* Bespg | Energy Flex house og kaffepause — pa skift i to hold * 4 - 6 kW anlaeg producerer 20 — 30 kWh pa sommerdag.
= 1445-15.15

Lars Barkla'r, Lithium Balance:
* Videre perspektiver med batterier til lagring af solcelle-el :
= Erfaringeri Lithium Balance
= Hvortieter vi pi at kunne levere batterisystemer til husholdninger
- @konomi mm.

» 15,15-1545
Ivan Katic:

* Varmepumper eller andre termiske lagre for solcelle-gl
= 15.45
+ Opsamling og afslutning

] ﬁ LITHILIM DALANCE

* Forbrug i husholdning 10 = 12 kWh.
* Formal: lagre sa meget som muligt — inden resten sendes pé nettet

H LITHILIM AL ARCE
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Priser for lagring pa batteri, varmtvand
(varmepumpe) og gulvvarme

o i - [ e——y S 20t

Af de inger fremgdr det at der er forskelle pd prisen for
energilagring.
.
ammaes Rl LT RaAncE OF irorsk - s Joj L nd BAzanGe € £l FoRsK
Batteri-valg Konklusion pa forundersggelse
» Batterier er endnu for dyre, men er i i forhold pil med

* Og herudover har Lithium batteriet fglgende fordele:
= Store optimeringsmuligheder

* Fylder og vejer mindre

* Ingen udvikling af farlige gasser

———

= m LITHHILIng BALANCE

)G ELFORSK

elnettet. Alt efter kilde kan man finde pessimistiske eller optimistiske
udsagn om potentialet for decentrale batterilagre

* De batteripakker som allerede er pa markedet, kan haeve egetforbruget fra
et typisk solcelleanlzg maerkbart, og flere kan desuden styre forbrugssiden

« Varmelagring kan etableres og drives langt billigere, men vardien af lagret
overskudsstrgm skal her sammenlignes med produktionsprisen for varme.

+ De to lagersystemer kan ikke sammenlignes direkte, p.g.a. deres
forskelligartede natur, men er begge interessante | forhold til
energisystemets fremtidige krav og behov.

)E ELFORSK

T
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Hvorfor energilagring?.

Solcelleanlaeg kombineret
med batterilager samt
varmepumpe
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SMA inverter med batterilager -

=71
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Batterilagerets opbygning SMA inverter med batterilager

Forbrug 1 Watt

SMA inverter wrknlngsgrad
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SMA systemeffektivitet

Mianedlig effektivitet SMA system

:
wl ‘
R v

Whittery wEammner @ Tet)

Afslutning
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Fa timer med hgj belastning

Inverter power distribution
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Delkonklusion SMA system
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Solax inverter Solax inverter

Solax inverter

Solax inverter

-
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Okonomieksempler fra danske PV- Er det en god idé?
leverandgrer

Systemn Pris i Kr pr
kWh effektive

lager
8226 4,2 KWp. Med montage.
Tesla Powerwall 6,4(7)

kwh Li
5759 4,2 kWp med montage,
4,8(9,6) kwh blybatteri

9757
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Energi lagret som varme? >

Solcelleanlaeg kombineret
med batterilager samt

varmepumpe
jekt stottet af

itut, Lithium Bal
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Malt system COP Hvordan virker varmelageret? -
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Varmetab

Afkalingsforleb, standby
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Nye produkter vi ogsa kunne have
provet! et L
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Projektindhold

+ Hvordan kan elektricitet fra et solcelleanlag udnyttes optimalt i et
enfamiliehus?
* 1 en fuldskala-forspgsopstilling leverer et sclcelleanlag elaktricitet til en typisk
families
* Forbrug direlte
= og opvarmning af brugsvand = varmepumpe
= til batterier
+ Hvordan udformes og styres et sadant energi-system
optimalt i et enfamiliehus?

=] p— Hj LITHIM BALANCE

13-07-2016

Case 1. Tilbygning til eksisterende solcelleanlaeg

—
I

& - "
s o LT BaLAnce X ELFORSK premp— ISR T SALANCE )G ELFORSK
Case 1. Tilbygning til eksisterende solcelleanlzeg case 2. Til nyt solcelleanlzeg uden
med inverter. inverter. )
* Et eksisterende solcelleanl=g pa ca. 3,5 kW med dertil
harende vekselretter (Danfoss) skal retrofittes, 53 det kan
levere overskudsstrgm til hhv. batteri og varmepumpe til ACDCAC Syrimm 1: AL dnekie fra
brugsvand. e
* Der tilbygges en ensretter/lader/vekselretter (Sunny Island fra @ 2 T s b or g
SMA), hvori el fra nettet oms=ttes til j@vnspanding for lagring rome e
pé 5 KWh lithium-ion-batteri, som opbygges af Lithium
Balance. Herfra vekselrettes til levering af el til forbrug efter
behow.
* Varmtvandsforbruget simuleres med et tappeprogram
* Elforbruget simuleret ved forbrug pé radiatorer. Det styres af
en gennemsnitlig "forbrugsprofil” .
Wi
e O € eirorsk | € erorsk
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Konference

Avanceret energilagring 2015
- Smart energilagring med varmepumper

0g batterier

i s
Praktiske oplysninger

Tid og sted

1. december 2015

KI. 09.30 - 16.30

Teknologisk Institut

Kongsvang Alle 29, Konferencesalen
8000 Aarhus C

Yderligere oplysninger
Lene Halgaard

tif. 72 20 12 49

E-mail Isha@teknologisk.dk

NB! No Show gebyr kr. 300, -

NYHEDER

Lees om kurser og konferencer
pa energiomradet pa:
www.teknologisk.dk/kurser

- se under "Energi og byggeri”

Konference

Avanceret
energilagring 2015

Smart energilagring med varmepumper
0g batterier
(2

1. december 2015 - Aarhus

TEKNOLOGISK
INSTITUT
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Energy Storage Systems

15t of December 2015

Illustration purpose only

Rasmus Rode Mosbaek

Project Manager| Energy Storage Systems
Mobile: +45 2365 2319

_L._..I_C _<_ BALANCE Mail: rasmus@lithiumbalance.com

BATTERY MANAGEMENT SYSTEMS



Lithium Balance A
listory

BATTERY MANAGEMENT
of lithium batteries for use in

electric vehicles, machines & power storage

2006: Established

2008: DONG Energy Invests

2009: Commercial launch

2011: 150 customer projects completed

2012: 1st OEM customer in production

:z:._ﬂ

2014: 300 projects completed
2015:1SO 9001

—I—l—l—l— _ c Z w> —I> Z n m Avanceret Energilagring - Tl Arhus — 20151201 - Rasmus Rode Mosbaek - Slide 3 of 17
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Motivation for ESS for PV
Market trends for PV

PV installations PV prices

EUROPEAN CUMULATIVE SOLAR PV MARKET SCENARIOSN UNTIL 201%

Fulure module prices in dilferent scenatios based v the historical “esming 1ale” Figure £2
158,156
160,000 — oA

120000 -

g

1

88536 -

MW 80000 - 5
100
oLy

40,000 -
ox
)
: o

D16 011 AMZ AR POv4 2015 i 7 POKE PONR

Module 1128 11 €, 72

Fiaan ufaa S5, own st sthon
W Historical data ¥ Low scenarls High scenarie = Medlum scenario
Reference: Global Market Outlook for Solar Power Reference: Current and future cost of Photovoltaics, Agora
2015-2019, Solar Power Europe, 2015 Energiewende, Fraunhofer ISE, 2015
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PV Battery Systems for homes
System overview

PV Battery System

Li

BALANCE

g B PERR L R RN SRR R R e 3 ——— 3 phase AC

_ Battery System 1 phase AC

- Monitoring DC

"l I 000 T T - noaa:—d_ﬁmﬁ_o:
'

: Computer with

consumption profile

SMA
Sunny Island 6.0H
Battery Inverter

lllllllllllllllllllllllllll

Grid: Sale of electricity

> INSTITUT

—|m|_|_l— — C g w> _|> z n m Avanceret Energilagring - Tl Arhus — 20151201 - Rasmus Rode Moshaek - Slide 7 of 17

BATTERY MANAGEMENT SYSTEMS
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Economic calculations

e The calculations are done with Danish feed in tariff scheme
together with the following assumptions:

— PV Panels: 25 year life time
— Inverter: 12 year life time
— Battery pack: 12 year lifetime and 6500 cycles

— Electricity prices
° Expected a slowly increase in electricity price = DANISH MINISTRY OF ENERGY,
o Adecrease in feed-in tariff gt it i

Mg

(

o Calcalations are done for following systems with 5000 kWh/year
— 6 kWp PV system without a battery system
— 6 kWp PV system and 5 kWh battery system for 940 €/kWh
— 6 kWp PV system and 5 kWh battery system for 535 €/kWh

—|ml—l_l— — C Z w> —|> Z n m Avanceret Energilagring - TI Arhus — 20151201 - Rasmus Rode Mosbaek - Slide 9 of 17
BATTERY MAI ME
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Community Battery Energy Storage
The READY project

e 130 kWp PV energy from PVT
° 100-150 kWh battery pack
°  Waste water heat pump

e Heat pump for the hot water from the
PVT

° Low temperature district heating

° Smart grid integration with DONG
energy’s Power Hub

Wc__amo_.ma:mg
o arden
e The system will be designed for Ringg READY
increased self-consumption OOé LITHIUM BALANCE E \
. A\ 4
o Challenge: 1 energy meter pr. building IDOING AARHUS UNIVERSITY

energy

A
AFFALDVARME AARHUS
Taken & o Miljo

e e
,\r,.f..u“f Azraus Kemmune

—'—l—l—l— _ C _S w> —l> z n m Avanceret Energilagring - Tl Arhus — 20151201 - Rasmus Rode Mosbaek - Slide 11 of 17
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Community Battery Energy Storage Li

The Strombank project

Prosumer
with CHP

Prosumer
with CHP

¥

BALANCE

Commercial

with CHP
Prosumer Prosumer
with CHP with CHP

Reference: Strombank — A Giro Account for Renewable Energy, Dr. Robert Thomann, MVV Energie AG, EES Europe Conference 2015
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BATTERY MANAGEMENT SYSTEMS
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Challenges

Energinet.dk: It is not allowed to supply power to the grid from a battery pack as it is considered per
default as fossil power.

This limits Battery Energy Storage Systems installed in homes and communities to have smart
interaction with the grid for providing:

e Grid support

°  Voltage support

e Peakshaving

e Congestion management

°  Lowering the load on grid transformers

It is not allowed to change the number of energy meters if a housing association has more than one
energy meter.

We need to rethink the grid if Denmark wants to increase the share of renewables for having a fossil
free energy sector in 2035.

Battery Energy Storage Systems will play a important role in a fossil free energy sector.

—Iml_l—l— _ —l— g w> _|> Z n m Avanceret Energilagring - Tl Arhus — 20151201 - Rasmus Rode Mosbaek - Slide 15 of 17
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Energy Storage Systems
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Lithium Balance A/S
History

BATTERY MANAGEMENT
of lithium batteries for use in
electric vehicles, machines & power storage

2006: Established

2008: DONG Energy Invests

2008: Commercial launch

2011: 150 customer projects completed
2012: 1st OEM customer in production
2014: 300 projects completed

2015: 150 9001

100 %
FIRALISTR
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Motivation for ESS for PV m
Market trends for PV

PV installations PV prices
it oL S TIOR8
- i 1B S o B & =3
Sl a8

Relerenge: Global Markes Duriank for Solas Power
2015-2015, Solar Power Eurnpe, 2015

Vetmrence. Lurreny and fulute sest o Plutovkas, Sgors
Enerpiew.ide. Fraumhafes (46 2005

i e Bt b

LiTHIUM BALANCE g g By 20 02

Agenda m

Lithium Balance A/S
- Histary
Business areas
tivation for ESS for PV
Market trends for PV
Market trends for battenies
Battery Systems for Homes
System overview
—  Power flow
— Economic calculations
Community battery energy storage
= The READY project

=11

= The Strombank project

Battery Energy Storage Systems
= Challenges

Conclusian
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Lithium Balance A/S m

Business areas

Battery Manttor it
imteriace 058-05

n-BiAS
CAN data log)

201602

i Accessarivs

n ;

RS [ m
Chargets

Battery mack
amear Battery packs
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Motivation for ESS for PV m
Market trends for batteries

Battery prices

Battery system prices
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Reference: Rapidly T rery packs for electnc vehirles,
BiEen Riykuiet and M Sdsgon, Mature Climats Change, Maseh 2015
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PV Battery Systems for homes m
System overview

_E ]
i
4
H

[~ e
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PV Battery Systems for homes m
Economic calculations

= The calculations are done with Danish feed in tariff scheme
together with the following assumptions:

— PV Panels: 25 year life time
— Inverter: 12 year life time
— Battery pack: 12 year lifetime and 6500 cycles

— Electricity prices s
« Expected a slowly increase in electricity price g DANISH MINISTRY OF ENERCY.
* A decrease in feed-in tariff UTILITIES AND CLIMATE

= Calcalations are done for following systems with 5000 kWh/year
— 6 kWp PV system without a battery system
— 6 kWp PV system and 5 kWh battery system for 940 €/kwWh
— 6 kWp PV system and 5 kWh battery system for 535 £/kWh

LiTHIUM BALANCE o vt T s 2151201 - i Ao M - S 9 57

Community Battery Energy Storage m
The READY project

130 kWp PV energy from FVT
100-150 kWh battery pack

Waste water heat pump

Heat pump for the hot water from the
PVT

*  Low temperature district heating

*  Smart grid integration with DONG
energy’s Power Hub

O riogoinicn READY

+  The system will be designed for
increased self-consumption

(“m umwanuncsmlv

« Challenge: 1 energy meter pr. bullding DDNE AARFUS UNIVERSITY

*  www.smartcity-ready.eu o @ s i
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PV Battery Systems for homes
Power Flow R beooicat m

INSTITUTE

*  Sunny day ) S——
— Morning: battery is rapidly charged in
the marning and hereafter PV power is
exported

= Ewvening: stored power is gradually
released so import/export is balanced at -
almost zero

B dy day . Liaaay ey

— The battery pack is used during the
consumption peaks and thereby

minimizing the import of electricity.

— This would not have been a clear
conclusion if 15 minutes or hour based
consumption profiles were used.

LiTH'UM BALANCE Avarmeret Enpmprlagrmg T Arkes, - XUSI302 - Rasser R Maschork - Shde & of 17

PV Battery Systems for homes m
Economic calculations

NPV [consumtion 5000 kWWh year]
*  Net mstnt value [NPV) chik
Ay NPV abave 04 & pood imvestment [re

= NPV for PV system in eombination with a battery pack bl

is much better compared to PV system without Y § L A
pack. Rt
taam ‘ L e
v
*  Payback time ' e

- Paybuck time of investment is reduced sanificantly
with 3 battery pack snd reduce payback time for the
overall PY system

—  This could increase motivation to invest If the batery
price is in the low range.

+  The expected price for 2 Lithium Balance A/S Py
battery system is 740 €/kWh with current battery

w
prices including b
_ vaT !l:' WA P AT
i |
=~ distribution cost : .mm»w'
- installation esst i
e

,,, ,.m- Jon wmn |
v am- -mu R |
kvl
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Community Battery Energy Storage w
The READY project

+ 100-150 kWh battery pack

* A modular container sized
battery pack will be developed in
2016

»  Pilot demonstration unit in
operation Q4 2016 in
Copenhagen

+ The battery pack for the READY
project in Arhus will be in full
operation in 2018 - x
READY

LiTHIUM BALANCE sovinceret Enengtaning - T A ~ IS1I0L - R ode Moshatk - Sade 12 0F 17



Community Battery Energy Storage m
The Strombank project

Al
o’
e

P w
Ly a2

or e Smnpaatite Enmpy [r Anhert TRMmAnn, WA Enerjie A5, £E5 Eurcge Contseence 2015
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Battery Energy Storage Systems m
Challenges

Energinet.dk: It is not allownd to supply power to the grid from a battery pack as it is considered per
default as fossil power

This limits Battery Eners'f Stms,e Sysums installed in homes @nd communities to have smart

Interaction with the grid for providi
«  Grid support

*  Voltage support

= Peak shaving

= Congestion management

Lowering the load on grid transformers

It is not allowed to change the number of energy meters if a housing association has mare than ane
energy meter,

We need to rethink the grid if Denmark wants to increase the share of renewables for having a fossil
free energy sector in 2035,

Battery Energy Storage Systems will play a important role in a fossil free energy sector,

LiTHIUM BALANCE Aancemys Fronglgnng -1 febin - 30161200 - Raninus Rude Moste - Sk 45,01 17

Rasmus Rode Mosbank MSc PhD

Project Manager, Energy Storage Systems
Mabile: +45 2355 2319 i
Mail: rasmuslithiumbalance com
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Community Battery Energy Storage m
The Strombank project

Lithium Balance A/S will be interested in a similar demonstration project in Denmark

Asterence: Siramiank for iy, . Reisert Thamasn, Rie MG, EES

LiTHIUM BALANCE St feplageng T ehun S350 s Rk Moo 14037

Conclusion m

V Battery Systems for hor

+ APV battery Svsbem was sucoessfull\r tested in a full-size experimental platform
called EnergyFlexHouse at Teknologisk Institut, Tastrup.

+  Economy
— NPVs are much better with a P\ battery than having a PV system without a battery pack.
= Due to the added value of the battery packs the pqrbadc times can be reduced by up ta 5
years compared to a PV system without battery pack
= This could increase motivation to invest in PV systems with battery storage

Community Battery Energy 5torage

= 100-150kWh battery pack will be demonstrated in Arhus in 2018

= Pilot demonstration will be tested in Copenhagen in Q4 2016

* The Strombank project in Germany showed a new way of making community
battery energy storage

* Improving the legislation for battery energy storage can increase the incentives for

housing associations

LiTHIUM BALANCE Moot Enengeagnnd T s JOISHDE Ratss Rt ik Sk 1660 57



PV Battery Systems and Safety
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Project Manager| Energy Storage Systems
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History

BATTERY MANAGEMENT
of lithium batteries for use in
electric vehicles, machines & power storage

2006: Established
2008: DONG Energy Invests
2009: Commercial launch

il ¢
WINNER o
2011: 150 customer projects completed
2012: 1st OEM customer in production
2014: 300 projects completed

2015: ISO 9001

E
dnlioi
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Motivation for ESS for PV q
Market trends for PV

PV installations PV prices

EURDPEAN CUMULATIVE SOLARE PV MARKET SCENARIOS UINTIL 2019
Fulire module prices i dilleront scenarus based on the historical Teaming 1sle” Figura €2
158,156
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g - 180 e, WS e Wil P - o Sesane TR
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88,535 3
&
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o
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Fraun ol 55, uwni Bust st
B Historical data ¥ Low scemario High scenario +— Hedfum scenario
Reference: Global Market Outlook for Solar Power Reference: Current and future cost of Photovoltaics, Agora
2015-2019, Solar Power Europe, 2015 Energiewende, Fraunhofer ISE, 2015
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PV Battery Systems for homes
System overview

PV Battery System

P R e s S U s e a3 phase AC
Battery System 1 phase AC
Monitoring De

s COPAMUNiICation

Computer with
consumption profile

& —

SMA
Sunny Island 6.0H
Battery Inverter

EE R I I I T T T I R I

lllllllllllllllllllllllllll

Grid: Sale of electricity

el INSTITUT
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homes

e The calculations are done with Danish feed in tariff scheme
together with the following assumptions:

— PV Panels: 25 year life time
— Inverter: 12 year life time
— Battery pack: 12 year lifetime and 6500 cycles

— Electricity prices

'
&hsy
* Expected a slowly increase in electricity price :ﬂ DANISH MINISTRY OF ENERGY,
 Adecrease in feed-in tariff s e i

(

* Calcalations are done for following systems with 5000 kWh/year
— 6 kWp PV system without a battery system
— 6 kWp PV system and 5 kWh battery system for 940 €/kWh
— 6 kWp PV system and 5 kWh battery system for 535 €/kWh
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Safety
What not to do!

Analysis of 2014 commercial products

No redundancy to

avoid overcharge!

i
-

3 parallel FETs

f -

Reference: Safety Analysis according to |EC, Andreas Gutsch, Olaf Wollersheim, Thomas Timke, KIT Competence E, EES Conference, Munich 2015
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Safety

A
Battery Safety according to IEC 61508 &&&

Extent of damage .
Probability of occurrence

Prevention e w2 .

Duration of stay

Starting point

for risk QLuv S2

assessment

Safety Integrity Level (SIL)

Example of functional safety risk assessment

References: Safety Analysis according to IEC, Andreas Gutsch, Olaf Wollersheim, Thomas Timke, KIT Competence E, EES Conference, Munich 2015
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Safety

Recommendations for standards
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https://www kit.edu/downloads/Datenblatt_Safety_First_EN_final.pdf
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Enhanced Safety for Lithium-lon Batteries
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PV Battery Systems and Safety
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Lithium Balance A/S
History

BATTERY MANAGEMENT
of lithium batteries for use in
electric vehicles, machines & power storage

2006: Established

2008: DONG Energy Invests

2009: Commercial launch

2011: 150 customer projects completed
2012: 1st OEM customer in production
2014: 300 projects completed

2015: 1SO 5001
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Motivation for ESS for PV m
Market trends for PV

PV installations PV prices

T

i
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|
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e

T P bt

Reference: tiohal Market Outiook far Solar Sower Refarence: Curmet and future cast of Photevaliaics, Agnea
20115-2019, Solar Power Lurope, 2015 Eranpiemande, fraunhober ISE 2015
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— Business areas
Mativation for ESS for PA
—  Market trends for PV
= Market trends for batteries
PV Battery Systems for Homes
= System overview
— Power flow
— Feonomic caleulations
Safety
= What not to dol
= Typical operating windew of Li-ion
— Battery safety according to IEC 61508
= BMS and functional safety
= Recommendation for standards
— Standards for PV Battery Systems

LiTHIUM BALANCE o e sty T e ezt

Lithium Balance A/S
Business areas

BMS
n-BMS S AEDucantla
CAN dats Ingger Accessories
01602
c-BAAS [ m m
2036-02 Chargers dattery packs

LiTHIUM BALANCE

Motivation for ESS for PV u
Market trends for batteries

Battery prices Battery system prices

s M -

Reference: Rapis hattery pa Imetrt yehic
Bjcem Mykevist and Mins Nisson, Nature Climate Change, March 2015
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PV Battery Systems for homes H
System overview

S nesrenn
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PV Battery Systems for homes w
Economic calculations

= The calculations are done with Danish feed in tariff scheme
together with the following assumptions:

— PV Panels: 25 year life time
Inverter: 12 year life time
— Battery pack: 12 year lifetime and 6500 cycles

— Electricity prices
+ Expected a slowly increase in electricity price % DA
+ Adecrease in feed-in tariff T

= Calcalations are done for following systems with 5000 kWh/year
— 6 kWp PV system without a battery system
— 6 kWp PV system and 5 kWh battery system for 940 €/kWh
— 6 kWp PV system and 5 kWh battery system for 535 €/kWh

LiTHIUM BALANCE ot e s sfety -1 Tasiop - 8151050 - Bormin e b -t 8 15

Safety _
What not to do! m
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X ELFORSK Maboanou
‘ |~ Ritins

Power Flow TRCHROLOGICAL

= Sunny day Sty
— Morning: battery is rapidly charged in
the morning and hereafter PV power is
exported .

PV Battery Systems for homes | : I

— Evening: stored power is gradually
released so import/export is balanced at
almost zero

+ Cloudy day S

— The battery pack is used during the
consumption peaks and thereby

minimizing the import of electricity.

— This would not have been a clear
conclusion if 15 minutes or hour based
consumption profiles were used.
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PV Battery Systems for homes m
Economic calculations

NPY [eonsumption 5008 kWh/year|
*  Net present value (NPV) i
—  Any NPV abawe OHis a good imestment. Ensn
— NPV for PV system in combenation with a battery pack o

s—5 38—
is much better compared to PV systern without battery !::: | | g o e b1
it =10 i P—
tam prrefire
= Payback time prgs . F—
2 ma o

Payhiack time of investment is reduced significantly e AL e

with & battery pack and reduce payback time for the

overall PV systam uﬂ-‘-«m
—  This eouild increase motivation to ivest if the battary

prica ls in the low range.

Paybeeh time of investment

+  The expected price for a Lithium Balance AfS PV WG Loy

fconsumption
battery system is 780 €/kWh with current battery bl
prices including ) {
— VAT !‘: SV e
—  distribution cost H v i T
— Instakation cost i pre e
iy, BT
i dive abc dme oome TSN
o st
vt e
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Safety -
Typical operating window of Li-ion m

. Bafe operating window

. Disselution of anodas (Cu)

. @) Li-Plating while ovarcharge
1) Li-Plating while deep-
discharge

4. Possibie defect of
SElayers.
poss, slow tharmal runaway

. Oulgassing, fire,. .

. Cutgassing, fire,...

Thermal runaway. fire,

release of oxyger from

[r .

~ o

Cell temperature in °C

Cutside the safe operating
window, Li-ion celis change
1 Irreversibly and become
insecure,

Q 2 3 4 & 8 10
Call voltage

v, Tt Tinas o it I Laimat St AIE
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Safety m Safety w
Battery Safety according to IEC 61508 BMS and functional safety

Extent of damage
Duration of stay

Probability of occurmence

© = @@ The design of the n-BMS and c-
] BMS from Lithium Balance A/S are
) based of the princibles of
15026262 Road Vehicles -
Functional Safety

are based on the mother standard

IEC 61508 International Standard
for electrical, electronic and
programmable electronic safety
related systems.
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Safety m Safety w
Recommendations for standards Standards for PV Battery Systems
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Project Manager, Energy Storage Systems
Mobile: +45 2365 2319

Mail: rasmus@lithiumbalance.com
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