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Emerging Energy Storage Technologies
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Both Thermal and Electrochemical storage have been growing rapidly over the past decade. Renewable
integration, ancillary services, demand side management and electric vehicles will probably foster energy storage
markets in both developed and emerging nations.
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Mapping Storage Technologies
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Advanced Lead Acid

Lead-Acid batteries consist of two
electrodes: Lead and lead-dioxide
immersed in sulfuric acid.
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Sodium based battery - NAS

Sodium-sulfur (NaS) batteries use molten sodium and
sulfur electrodes separated by a ceramic electrolyte
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Li-ion

Li-ion battery uses graphite as the
anode material and LiFePO, or LiCoO,
or Lithium titanate or lithium nickel
manganese cobaltate as the cathode.
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Flow Battery
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Flow batteries use liquid electrolytes with fixed cells to
store and regenerate power. Various flow battery
chemistries exist such as vanadium redox, zinc-bromine,
iron - chromium etc.
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Typical System Configuration for Most Common Applications

Segments / Applications Sub Segments mm Type of cycles |No of cycles / Year

Wind Smoothing

Renewable Eneray Integration 1 MW-20 MW 15min-1h <60% Shallow <18,000
gy neg Wind Firming 1 MW-20 MW 4-6h >80% Deep <500
Solar 3 KW-2 MW 3-6h >80% Deep <350
. _ Commercial 10 KW - 2 MW 2-4 h >80% Mix <400
Load shifting or energy arbitrage i _
Industrial 500 KW - 5 MW 2-4 h >80% Mix <400
. o Rural Microgrid (households) 1KW - 5 kW 2.8 h >80% Mix <400
Off grid applications
RuraliSehoolsiHospitals 1 KW - 10 kW 2-8 h >80% Mix <400
Telecom Towers 2 KW -5 kW 2-4 h >80% Mix <700
Replacement of DG Commercial 10 KW - 2 MW 2-4h >80% Mix <400
Industrial 500 KW - 5 MW 2-4 h >80% Mix <400
Transmission or Distribution Utilities
Deferral 1-20 MW 4-6 h >80% Mix <100
SIEEENEY SURPETE Utilities / 1P 1 MW- 20 MW 15min—1h  <60% Shallow <18,000

Reactive Power Management Utility / C&l 3 KW -10 MW 15min—1h N.A. N.A. N.A.



Landscape

" opg— ITWORKSHOP DE

/4 A :@F ENERGIAS

INSTITUTO NACIONAL DE CIENCIA E TECNOLOGIA R
ENERGIAS OCEANICAS E FLUVIAIS OCEANICAS E FLUVIAIS
IPPs / Project Developers SPINDLE GRID

nergy Storage [ AmEricAN

M~ "’\
@ XcelEnergy- {'IE)SEEGY. powse firstwind EN/RG'!' rts SOIaICIty

PCS / Inverter Supplier SIEMENS P N
POWER.

NAPOL, TR
% ™ B ADD
(| ' :
, FRIDEP . A 1) C 7 PRINCETON
QQM’_’“* - “ ) POWER SYSTEAAS

Sodium Based Compressed Air Flywheel ﬁa temporal

@ S POWER
% @ DRESSER RAND. LIOhESaH ead Acld O seot

& LASTPENN () EXIDE

AQUION 3 N GENERAL
SHARP ENERGY  Sustain W COMPRESSION | () energypower %_-.
Li-lon Batteries Flow Batteries
Panasonlc srorv % United p——
NEC . IMERGY Technologies © o

=4 TOSHIBA
| PRIMUS 4 SUMITOMO

Ce'e"tm"ayaw = @ W G ZBBz.. O POWER  ELECTRC
AY | I s

altairnano Atﬂe Kokam’ EnerVault

LG Chem



INSTITUTO NACIONAL DE CIENCIA E TECNOLOGIA

ITWORKSHOP DE

ENERGIAS

ENERGIAS OCEANICAS E FLUVIAIS OCEANICAS E FLUVIAIS
Key Trends
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Cost/Cycle Evolution

Capital Cost / Cycle Trend
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Global Deployments
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Global Deployments

Technology Types

Technology Type Projects Rated Power (MW)
Compressed Air Energy 3 .

Storage

Pumped Hydro Storage 350 N 181190

Thermal Storage 2. 3275
Electro-chemical 991 _ 3297

Hydrogen Storage 13 20

Liquid Air Energy Storage 2 5
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Calendar Life vs
Cycle Life
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Ca Ienda r Llfe Expected life for VL Li-ion cells according to temperature

(EOL for capacity loss of 20%)

Calendar aging comprises all aging processes that lead

to a degradation of a battery cell independent of xpected e years]
ANAYAN
charge/discharge cycling: . \ \\
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Recoverable capacity when storing Li-ion for one year
at various temperatures

Temperature 40% charge 100% charge
0°C 98% (after 1 year) 94% (after 1 year)
25°C 96% (after 1 year) 80% (after 1 year)
40°C 85% (after 1 year) 65% (after 1 year)
60°C 75% (after 1 year) 60% (after 3 months)
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Cycle Life

Cycle life is expressed in terms of the number of
charge and discharge cycles that can be achieved
depending on what level the battery is discharged
(Depth of Discharge - DoD)

BESS
ZnBr
Pb-acid
NiCd
Li-ion
Na$S

ZEBRA
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# Cycles
>2000
100-1000
1000-3000
1000-5000
2000-4500

>2500

Capacity (MW)
0.05-2
0.001-50
0.001-40
0.001-40
0.5-50

0.001-1
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Cycle Life

Cycle life depends on
v' DoD
v Charging level
v' Temperature

OCEANICAS E FLUVIAIS

Cycle life at + 25°C/+ 77°F
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Cycle Life

Cycle life depends on
v' DoD
v Charging level
v' Temperature

C-rate Time
5C 12 min
2C 30 min
1C 1h

0.5Cor C/2 2h
0.2Cor C/5 5h
0.1Cor C/10 10h

Discharge capacity (mAh)

700

500

300

100

1C Charge, 1C Discharge
2C Charge, 2C Discharge
Charge: 4.2V \
Discharge: 3.0V 3C Charge, 3C Discharge
Temperature: 23°C
T T T T
0 100 200 300 400 500

Number of cycles
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Cycle Life

Cycle life depends on
v' DoD
v" Charging level
* Pb-acid: a periodic fully saturated
charge is essential to prevent
sulfation

* Temperature

Li-ion battery

Charge Discharge Available
Level (V/cell) Cycles SOC

4.30 150-250 110-115%
4.25 200-350 105-110%
4.20 300-500 100%
4.15 400-700 90-95%
4.10 600-1000 85-90%
4.05 850-1500 80—-85%
4.00 1200-2000 70-75%
3.90 2400-4000 60-65%
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Cycle Life Cycle Life and Temperature

Slow drop off below +10 °C due to anode plating
Fast drop off above 60 °C due to chemical breakdown

w2000 o _
L Actual life will depend on the cell chemistry and
E.. the percentage of time spent at the upper and
CycIe life depends on :E_; lower temperature limits
v' DoD | _
@ -
v Charging level S .0 Ideal working
Y O temperature range
Temperature *
B Too wide means lower cycle life
Toolnarrow means wasteful thermal management
-40 0 40 80

Cell Operating Temperature (Constant (°C))
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Final Remarks
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Conclusions

* Energy storage technologies are rapidly gaining adoption for several grid applications;

e Pumped Hydro, Thermal Storage and Lead Acid batteries have been used for grid support and
back up applications for 100+ years;

* |In recent years, Li-lon batteries are gaining rapid adoption for short duration applications, and
reduction in prices and improvements in performance are also enabling its use for applications
such as peak load management and renewable integration;

 Advanced Lead Acid and Flow batteries are also promising significant improvements in the next
years which may enable their utilization in newer applications;

* Regulatory intervention & business model innovation is expected to foster the wide adoption of

energy storage in the upcoming years.
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Conclusions

* Each battery system has unique characteristics (restrictions!) in terms of:
v Depth of discharge;
v Charging level ;
v Loading;
v Exposure to adverse temperature.

* BESS Management Systems play a fundamental role in maximizing storage lifetime at the
expense of added losses for the overall system;
* |t is possible to simulate the behavior of the BESS in practical applications to determine

the expected EolL.
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