The challenge of renewable
energy storage




The topics of today

 Renewable energy storage
 What is a rechargeable battery?
 Lead Acid and Lithium lon batteries and their reaction mechanism

« The Lead Acid VRLA battery workhorse
« How we have improved it to give it better stability

« The Lithium-lon battery workhorse
« The new kid in the neighborhood and its sensitivities

« SMART GRID — Energy Storage System
« The way ahead for Smart Grid/ Energy Storage Application.

* Q&A - anytime




What to do with all this energy?
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Why batteries ?

- Can be easily sized to meet the local storage needs (3kWh — 15MWh)

- Store electricity reversibly as chemical energy
(DC-in <—> Production of defined chemical species <—> DC- out)

- Can release energy without any time lag (to full power <<16ms)
- Have a high round-trip energy efficiency (>85%)

- Can be operated with minimal supervision

- Have reasonable costs per kWh energy stored

- Can release energy at a wide range of power levels
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How works a battery?
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What batteries ?
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The Lead Acid VRLA workhorse

VALVE REGULATED LEAD ACID BATTERY WITH ABSORBENT
GLASS MAT OR SiO,-SULFURIC ACID GEL




Reaction and structures

Lead Acid Battery

Pb+H,SO, <-> PbSO,+2H*




Reaction and structures

Lead Acid Battery

Pb+H,SO, <-> PbSO,+2H*




The need for perfection 1000 times over
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Love at first sight ?!

* = 32% lower weight per Ah

* = 45% smaller volume per Ah
* = 36 % higher 1h rate current capability
* Position independent operation

* Only 1/6 of air exchange volume needed
* No water topping-up needed

* No electrolyte leakage

» Fast on-site — air freight capable

* No activation procedure needed

« > 1 year storage capability

* Low cost of ownership

* Worldwide availability

* Attractive form factors (Hx W x L)




Strengthen the box and the muscles

Lay-out adaptation, 105°C
130 o o~ N Vicat plastic and HT AGM

High Temperature Battery

12V-150Ah
23”- 600mm

12V-100Ah
19”- 400mm




VRLA design — back to have it working!
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Expected cycle life window

4 years of ininterrupted dicharge
and charge cycles




VRLA design — back to have it working!
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VRLA design — back to have it working!

VRLA/AGMBER %X arbonk

Expected cycle life window
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VRLA design — back to have it working!

REX 600 VRLA/AGM - Final voltage at end of discharge
during 8h:4h Diesel Gen test routine
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REX series when Narada is strong

Applications in hybrid system
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REX series when Narada is strong

Applications in hybrid system




The Lithium Battery workhorse

1-10N

LLiCoO,  LiFePO,g




Reaction and structure

Lithium lon Battery
YC + xLi*<-> Li,C,

2.689 Li,C4 + 5.88g LiFePO, per 1 Ah

Discharge reaction sequence




Reaction and structure

Lithium lon Battery

LiFePO,<->Li, ,[FePO, + xLi*

Discharge reaction sequence




Not going over the cliff!

Loss of BMS

Cell imbalances

Puncture/Crush

Lithium dendrites

Hollow promises



Harvesting and storing green energy!

The new kid in the neighborhood

Packaged LiFePO, systems




Harvesting and storing green energy!

General Specifications

Type 48NPFC10 48NPFC20 48NPFC30 48NPFCAD 48NPFC50 48NPFCEO
Mominal voltage [V]) 48 48 48 48 48 48
Mominal capacity 10 20 30 40 50 60
Charge Voltage (V) 54.0 +/-0.5 54.0+/-0.5 54.0+/-05 54.0+/-05 54.0+/-0.5 54.0 +/-0.5
Max. Charge current (A) 5.0 10.0 10.0 20.0 20.0 20.0
Optianal changing eurrent limit|A) 2.0 5.0 5.0 10.0 10.0 10.0
Output Voltage (V) 40.5 to 54 40.5 to 54 40.5t054 40.5t0 54 40.5 to 54 40.5 to 54
Max. Output current (A) 10.0 20.0 20.0 20,0 20.0 20.0

Dimensions (WxDxH in mm)  442x245x44 44224588 442x358x88  442x390x132  442x390x132  442x390x132
Weigh (kg) 7.3 13.4 19.0 33.0 35.0 36.5

Mote: (1jMominal voltage--=cell nominal voltage 3.2V, 48V battery consist of 15 cells.
{2)Nominal capacity---discharge with constant current (0.2CA) to end voltage (40.5V) at 25°C.




Harvesting and storing green energy!

Performance Curve

Voltage(V/cell)

Voltage(V/cell)

Charge and discharge voltage vs capacity(25DegC)
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Harvesting and storing green energy!

Essential BMS

> Charge-discharga

managamant modula
DC i ?

Inp

Cell balancing unit —JFe lithium battery pack -#f— Battery protection —3» | pad Q
3

— Mt}nilﬁlil'lﬂ module *.‘J ...... - ] Transmission Carry | ’

Network

o
Pack Current Communications Micra Switching
e L Procassor Contrallar
Cell voltage monitoring i
andbalancing sdilole : Charger

monitoring Controller




Developing

IDC battery scheme

48V50Ah module

CBMS

48V100Ah module




Narada LI battery

Applications

" System Overview (Cont’d)




Narada Li battery

Applications

3. FTTC (Chongging Mobile)
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Summary - Reaction and structures

Property Lead Acid Battery Lithium-lon Battery
Reaction tvpe Oxidation - reduction Rocking chair ion transfer
yp Dissolution & precipitation lon intercalation

Electrolvte H,SO, DMCI/EC + LiPF4
y Reactant Not a reactant
Material to generate 1Ah 11.98g 8.56¢
Final package energy density 25 Wh/Kg 140 Wh/Kg
Mature In development
Technology issues High temperature operation Thermal stability
gy Life under cyclic service Lithium deposition

Partial state of charge operation Oxide interaction




