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Lithium- vs. Lood-accu’s
een storm in een glas water ?

GNB Industrial Power — Exide Technologies B.V.
Raf Bruggeman
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Transportation

*  Opgerichtin 1888 “Electric Storage Battery Company” Ld SNB

Industrial Applications

0EM & 0ES. Aftormarket

Motive Power Network Power

*  Fabrikant van alle bestaande lood - technologieén
en Li-Fe(PO4) Li-lon accu’s

* Leveringsprogramma energieopslag van 1 tot 12,000 Ah \’%Q §x9.300 $25bn
of van 1 kWh tot XX MWh | Bl L G 4
- 58%
IO® Exide portati

* 15 productiefaciliteiten en (loodaccu) recyclage centra in EU

*  Ontwerp, productie, installatie, onderhoud en recyclage
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De eerste elektrische auto? FHK!)""DUM

CYCLE AND AUTOMOBILE TRADE JOURNAL.

65

THE SERVICE WHICH
AN ELECTRIC CAR OFFERS YOU

The use of the “Electric™ is mpidly increas
inz. It has a field of usefulness all its own.
The electric pl ar ix adapted toadi
service ti the gnsoline automobile. It is the
car for city nnd suburban use.

For the busy business man, in going to and
from his home, oflice, bank, factory, etc., or for
making business calls, the “Electric’” is the car.

The “Eleetric” is also the car for a lady for
shopping, calling, pleasure riding, the theatre, ete.

The eloctric commercial wagon or truck is moro reliable, carrics greater loads, at

greater speed and is more i than the b vehicle.
An “Electric” is the dependal il Iways ready to use. It is casily maun;uj
its speed under perfect control. It is noi safe, clean, i and

The reliability of the service from an “Electric™ is to a great degree dependent upon the

The
“IEX{de” Battery

has proved to be so superior that over 90% of all
clectric vehicles manufactured are equipped with it.

If you have an “FElectric” always insist upon

your renewals being ** EXdC.™
These are the leading electrie vehicle manu-
facturers and they ull use the ** XEXDC™ battery

The ““XExid¢”” Battery

Bakec Motor Vehicle Co. ouple Gear Froight Wheel Co. €. P. Kimbail & Co.
S. R Baill % tmlnmbm Mot Rauch & Lang Cerrisge Co.
Fllchart Careisge & Hmrnm Mg, Co. Studebakor. Attomobie Coo
Ugonoral Vohels Compae The Wavorley Co.
Tdeal Electric Company Woods dMotor Vehicle Co.

Write these manujacturers for catalogs and any of our sales offices jor « copy of “The
*‘XEXIDC” Battery Book.” Learn for yourself why you should have an **XEXIdeC’’ Battery

THE ELECTRIC STORAGE BATTERY CO.

PHILADELPHIA, PA. 1910
New York Chicago Cleveland San Francisco
Boston St. Louis Atlanta Toronto
Five ““XEXIDE’” Depots. 715 Distributors. Inspection Service Corps.

If you have a gasoline car remember that the best
troubles {s an “*E1ide’ Sparking Battery.

INFRA
"LIFE-

Society’s Motor Car
The “Electric™™ with the
“Mronclad=Exide”’

BATTERY

'OR the opera, the
2 theatre, the recep-
tion, the call—an elec-
tric car is_in entire

scager—clegant i
ointment, unobtrusive in action, delightfully comfort-
. scrupulously clean. safe, silent and INVARIABLY
Y FOR INSTANT USE, even when p
Srvice ik liay vk I aiicis Gan ANl cdiiary
difficuktics of travel—cold, storm, grades—are overcome
by its system of stored power.

The_ dependability and the simplicity of the Electric
Vehicle have recently been greatly increased by the new
u

“Mronclad=XExide”
BATTERY

This new bauery is the latest and highes development of
t)-e standard ** JEXID battery, which for years

o5 sprerior. that grer 909% of all * Elocties” mmas:
facumed have bocn cquipped Wit it
The new **Aronclad=1Exide’” Battery gives from
two to three times longer life than the standard ** EXIDE *
Battery. it never requices cleaning and it gives an increased
TRileagt 16 oot Svery practical demand,

The *‘Tronciad=XEx{de" Battery is far superior to
any battery yct mamufaciured. Lt ie the battery for which
Ciciarie vehidle users < Toped and waitcd:
i n s being equipped with the
S f;;m....“"..,
ready for use s
. IF you )\nvr an El«ln: lnd
D¢ - Battery. remember that when renewals ar
the e Hironclad-Exive’ Batiey can bt ‘slaced ia
your present jar,
Write the nearest S-h Office to-day and ask ‘n' the book deseril
this mew and wonderful vehicle battery —The * FEONCLAD~IEXIDH

THE ELECI‘RIC S’mRAGE BATTERY CO.

LADELPHIA. 1910
. € i
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Smartphone / innovatie / marketing ?

Dear iPhone 6 users: Welcome to 2012!

iPhone 6

(released 9/2014)
4.7-inch screen
750p resolution

NFC payments
Notification actions
Widgets

3rd-party keyboards
Typing suggestions
Cross-app communication
Cloud photo backup
Battery stats

ew device!

Enjoy your

Nexus 4
(released 11/2012)

4.7-inch screen
760p resolution
NFC payments
Notification actions
Widgets

3rd-party keyboards
Typing suggestions

Cross-app communication
Cloud photo backup

Battery stats

In 2016, you guys will love: Wireless charging, water resistance, IR blasters,
multi-user support, selectable default apps, split-screen apps,

app installs from a browser, and virtual buttons!

If you need help with your iPhone’s new features, just ask an Android user. We've had this stuff for years.
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Perceptie en haalbaarheid FHK')R:PH%M
Ml Cheray

Ry roadmap 2050

T T

Europelanl Transport (inc.

Commission bunkers)
Agriculture
Buildings

H Power generation
Onder invloed van: oy
Waste |
95% reduction target
ey

Lithium-lobby
Gesubsidieerde ‘Smart Grid Storage’ projecten

- Teslanimse’ D e e oA
- Media (marketing reports, white papers, promotie etc)

Productie overschot (E.V. markt)

SIS,

\\\\\\ >

. . . Prijsevolutie van de belangrijkste grondstoffen
Perceptle thhlum: ‘1-102%0 (horrokond naar kobalt) xllz,goo
lOOj 100
- Dé toekomst 80 %
60 - 60
- Kan alles, doet alles ol .
- TCO verhaal w] "
- Zakt voortdurend in prijs P ... o ... et
2012 2013 2014 2016 2016 2017
- Is groen ——KOBALT —— LITHIUM —— NIKKEL

Source: Thomson Reulers




Perceptie en haalbaarheid FHK!)WH[}?M

? Haalbaar
met de huidige Li-lon technologieén

Bron Greentechmedia.com
https://www.greentechmedia.com/articles/read/is-there-enough-lithium-
to-maintain-the-growth-of-the-lithium-ion-battery-m#gs.fUnw9yw

? Behoefte = Wh/kg 21 maar beperking

? Huidige Lithium technologieén

LFP Iron Phosphate — NMC Nickel Manganese Cobalt
LMO Manganese Oxide — NCA Nickel Cobalt — LTO Titanate

Noot Cobalt

Even though 365 years of reserve supply sounds
very comforting, the point of the EV and stationary
storage revolutions is that current demand will
shoot up, way up, if these revolutions do happen.
The 100 Gigafactories scenario could come true.
And if that happens, the 365-year supply would be
less than a 17-year supply (13.56 million tons of
reserves divided by 800,000 = 146.9 years).

Lithium-ion there are many types aGNB
InoustriaL Powsn

This picture is evolving

Safety
10~
Za N

Temperature Range _

Fast Charge

Cost (€kWh/Number'”
of Cycles

Shelf Life
~——LFP —NMC —NCA —LMO




Perceptie en haalbaarheid FHI(!)IrI{IPHUIPM

? Wh/kg 21 verhogen m.b.v. andere
Lithium technologieén

Lithium Sulfur => Lithium Air => Lithium Fluorine (!)
Compromis

Chemisch ¢ Elektrisch ¢ Beheersbaarheid (veiligheid)

https://www.youtube.com/watch?v=AdPqWv-eVic

“Huidige generatie Lithium accu’s voldoen niet om de globale voorziene behoefte in e-storage (E.V., grid storage etc.) in te vullen.”

ROOM =
" INFRA . = S sy, 3 R




Perceptie en haalbaarheid FHK!)M[}?M
Benodigde opslag (aanname)

17 jaar reserve (?)

Globaal 30,556 GWh Vraag 2
0,
EU 4,064 GWh (13%) Aanbod 3
1 Gigaplant =47 GWh output/ jaar
. s Markt
2050 - 2018 =32 jaar productietijd
. . . overaanbod
= 20 Giga-fabrieken nodig
= 3,8 triljoen$ kost storage v
! potentieel tekort
Prijs?

Business cases storage
matchen (nog) niet.
Wie betaalt ?

Bloomberg Businessweek

We're Going to Need More
Lithium

@ Tharsts planty in the grownd to mest tha neads of n elsctric car tra, Bt not ncugh MInGs.

Jessica Sharkleman, Tom Biesheuvel, Joe Ryan, ard Dave Merril
How Many Batteries Could Power The World? (ft. MinutePhysics) By dessica Shankeman, Tom Blesheue ven. and Dave el
https://www.youtube.com/watch?v=ahxBbEwhIEQ




Over data centers, UPS, e-opslag, oude wijn en nieuwe vaten FHK!)M%M

Eerste LAB (Lead Acid Battery) GEL accu 1957

Eerste LAB A.G.M. accu 1972
Marktvraag toen “10 jaar” = gebruikers vraag (E.O.L.?)
Argumenten Onderhoudsuvrij — plaats besparend — elke positionering mogelijk — TCO \ -

eenvoudig in gebruik - >99% recyclebaar - hoge cycles (GEL) — lage (her)laadkosten..

Jaren 90 |ENTER| “Commodity”

3ab5jaar 7 a 8,5 jaar .
15 jr. UPS = 1 wissel 9a 15 jaar

10 jaar?




Over data centers, UPS, e-opslag, oude wijn en nieuwe vaten FHK!)MH%M

——— “Advanced Lead Acid” - nieuwere ontwikkelingen
- E‘ gericht op Micro-Grid energie opslag en

data center TCO verbetering.

+55°C
Noodstroom is ‘slechts’ één van de functies..

Verhogen Wh/kg

|The latest advance ment proving tha

supariority of the dryfit® lechnology ) Hogere temperatuur bestendigheid
(reduceren koeling)

Hoger aantal cycli (hernieuwbare
energie)

P.S.0.C. Functionaliteit
(Partial State of Charge)

Hogere levensduur 15-20 jaar




Over data centers, UPS, e-opslag, oude wijn en nieuwe vaten FHl(!)ILPn%M

Eerste commerciéle LIB (Lithium batterij) 1991

Aangegeven levensduur 15 jaar (sommige 20 jaar - E.O.L. ?)
Cycles 1000-den afhankelijk van D.o.D. (Depth of Discharge) ?
Argumenten Onderhoudsvrij

Plaats besparend

Gewicht besparend

Lange levensduur TCO \

Hoog aantal cycles (TCO \ in grid storage cases)
Lage zelfontlading - (her)laadkosten

Geen tot weinig invloed hoge t°

Etc.

Hoe zit het nu eigenlijk ?

ﬁvnoom




Lithium/Lood in data center UPS - afwegingen FHl(!)mPH%M

*  Ontwerp levensduur LIB “15 jaar” —

Reéle levensduur in de applicatie? ’ HT‘?I
*  Ontwerp levensduur LAB tot 15 a 20 jaar (of 25 jaar open accu’s) mogelijk

Bewezen levensduur in de applicatie. < % §

* Zowel LIB als LAB (tubulair) 1000-den cycles mogelijk (micro-grid scenario)
Afhankelijk van D.o.D (Depth of Discharge)

e LIB kan sneller herladen
Juist maar..

* LIB Plaats en gewicht voordeel
Juist. tot 50% plaats en 30% gewicht besparend

ROOM === &
" INFRA : e —




Lithium/Lood in data center UPS - afwegingen FHK!){»EPH%M

LIB & LAB beiden geschikt voor korte ontladingen
LIB cel “Power vs. Capacity” ratio vs. LIB BMS

Bron www.osnpower.com

Onderhoud LAB vs. Onderhoud LIB

B(attery) M(anagement) S(ystem) Nodig voor LIB, niet voor LAB

Transport reglementering

Battery system Estimated self-discharge
. Primary lithium-metal 10% in 5 years
Zelfontlading LAB & LIB e o o .
https://batteryuniversity.com/learn/article/elevating_self_discharge alne D[P TEET {T= s Sl
Lead-acid 5% per month
MNickel-based 10—15% n 24h, then 10-15% per month
Lithium-ion 5% in 24h, then 1-2% per month (plus 3% for safety circuit)

Table 3: Percentage of self-discharge in years and months. Primary batteries have considerably less
self-discharge than secondary (rechargeable) batteries.




Lithium/Lood in data center UPS - afwegingen FH| ¢y acom
Q) inrma

Note: Tables 2, 3 and 4 indicate general aging trends of common cobalt-based Li-ion batteries on
depth-of-discharge, temperature and charge levels, Table & further looks at capacity loss
L4 LI B & LAB when operating within given and discharge bandwidihs. The tables do not address ulitra-fast
charging and high load discharges that will shorten battery life. No all batteries behave the

hogere temperaturen, D.o.D, snellading en sErTE
Snel Ontladen be‘lhnvloeden de Ievensduu r Table 2 estimates the number of dischargefcharge cycles Li-ion can deliver at various DoD levels before the

battery capacity drops fo 70 percent. DoD constitutes a full charge followed by a discharge to the indicated

van beide tech nologieén state-of-charge (SoC) level in the table.

https://batteryuniversity.com/learn/article/how_to_prolong_lithium_based_batteries

Depth of discharge Discharge cycles
(NMC / LiPOaA)

https://www.nature.com/articles/srep12967
Table 2: Cycle life as a function of

100% DoD ~300 7 600 depth of discharge.* A partial
discharge reduces siress and

280% DoD —~400 F 900 prolongs battery life, so does a partial
charge. Elevated temperature and

50% Dol ~600 7 1,500 high currents also affect cycle life.

SCIENTIFIC REPORTS o
40% DoD ~1.000 f 3,000 Note: 100% DoD is a full cycle; 10%
Figure 5 : Maximum charge storage capacity as a function of is wery brief. Cycling in mid-state-of-
temperature. 50% Dol —5 000 7 9. 000 charge would have best longevity.
rom: Effect of Temperature on the Aging rate of Li lon Battery Operating above Room Temperature
1.55 10% DoD ~&,000 / 15,000
1.50
1.45 Lithium-ion suffers from stress when exposed to neat, 5o does keeping a cell at a high charge voltage. A
= ] - battery dwelling above 30°C (86°F) is considered elevated temperature and for most Li-ion a voltage above
1.40 ¥ > 4 10W/cell is deemeaed as figh voifage. Exposing the battery to high temperature and dwelling in a full state-
1.354] of-charge for an extended time can be more stressful than cycling. Table 3 demonstrates capacity loss as a
> — function of temperature and SoC.
—
g 1.30
~1.25
3 - Temperature 40% charge 100% charge
O 1.20 . .
Table 3: Estimated
1151 Gcieno. 25 R e _,L gyg:: ;0 o°c 089% (after 1 year) 949 (after 1 year) recoverable capacity when
50 -0.79% -1.37% -1.40% -1.86% Ve | storing n for one year
1.10 100 -1.72% 2.62% -3.05% -4.07% @ Cycle 100 ;
160 0.26% 3.03% 501% T2o% —><—Cycle 150 25°C 06% (after 1 year) 80% (after 1 year) at various temperatures.
1.05 200 -3.20% -5.55% £.70%  -10.48% —>¥— Cycle 200 Elevated temperature
250 -4.22% -6.57% -8.74%  -13.24% —— Cycle 250 i
1.00 = T = yee. 40°C a5% (after 1 year) 659 (after 1 year) hastens permanent capacity
25 35 45 55 loss. Mot all Li-ion systems
Temperature(C°) 60-C 75% (after 1 year) S0% behave the same

(after 3 months)




Lithium in data center UPS - andere afwegingen FHI ¢y foow

*  Welke LIB technologie?
& LFP Iron Phosphate — NMC Nickel Manganese Cobalt - LMO Manganese

Oxide — NCA Nickel Cobalt — LTO Titanate - LCO Lithium Cobalt Oxide

Compromis performantie ¢ thermische stabiliteit ¢> levensduur

Kobalt ? 95% behoefte gaat naar wearables/smartphone/tablet.
Kobalt ? Kongo - grootste wereld reserve maar..

“Een ongewoon ongeluk™ Tesla vat
plots vuur

« Stabiliteit en veiligheid?
- Energie densiteit verhogen in accu — technologie
brengt bepaalde risico’s met zich mee..

* Impact commoditisering op termijn?




Lithium in data center UPS - andere afwegingen FHK!)M%M

Hoe duurzaam / groen is het? MVO?

No pre-treatment necessary Pre-treatment necessary

direct feed to the furnace dismantling to module/cell level

A
r

< 5% LIB recycling vs. 99% LAB recycling.

. *XEV / Industry
E-bike
*Power tool battery module
*Laptop

Verwachting 2030 = 11 mio ton LIB End of Life. s T e

0,5-0,7 kg 1-15kg e

15
* Mustraton from dferent sources S-20kg

A
*EV battery

LAB is het meest gerecycleerde product wereldwijd

Kan dit ook i.d. toekomst met LIB en tegen welke (reéle) kost?
‘Oud lood’ brengt geld op, ook na aftrek van transport- en recycleer-kosten.

https://www.sciencedirect.com/science/article/pii/$2214993714000037

Lead-Acid Tires
Batteres

https://www.theguardian.com/sustainable-business/2017/aug/10/electric-cars-big-battery-waste-problem-lithium-recycling

urces:

Sevim Buchkin Market Fasmsnch. mnd Stabatics Grosp (7011 Nationsl Fmts Shady)
[The Fusber '8 ABOCkTSOn. | resyChng o) 1

Tha Forast & Paper Asscciston (20710 pase: i A0

[The Asurmin, 42040 s uminum | D620

Gtman Prching irabut {3015 gles iy DA




Take aways FHIH A

* Hype gedreven door perceptie en marketing ?

* Nieuwe generatie LIB is nodig (Wh/kg A1) om de voorziene behoefte
te kunnen dekken op termijn (aandacht voor stabiliteit!).

* Plaats / gewicht / herlaad tijd kunnen in uitzonderlijke gevallen

toch de balans doen overhellen naar Lithium. { §> ﬂ \Yﬁ\g

*  Wegblijven uit ‘commodity’ Lood-accu zone (TCO controle).
Lood-accu’s met langere levensduur tot 15-20 jaar tevens beschikbaar.

* Mogelijke commoditisering in Lithium? (indien nog niet ingezet).

* Duurzaamheid en recycleerbaarheid LIB?

* Kost transparantie LIB noodzakelijk.
(recycling — onderhoud — interventies etc)

WROOM




. ’ POWERING THE Iy T ROOM
‘GNB 'EXIDE WORLD FORWARD FHI (‘)INFRA

INDUSTRIAL POWER TECHNOLOGIES
A Division of Exide Technologies

Lithium- vs. Lood-accu’s
een storm in een glas water ?

Dank voor uw aandacht
en nog een fijn IT Room Infra !

*  Bedrijfsnaam: GNB Industrial Power

* Adres: Kiotoweg 201 — BG3047 Rotterdam

* Telefoonnummer: +31 /(0)10.44.55.620

e E-mail: npsales-netherlands@eu.exide.com
e  Standnummer: 35

Raf Bruggeman




