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1.

Eaton As Energy Storage Provider

2. Eaton As Supercapacitor Solution Provider
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Supercapacitors vs. Other High Power
Energy Storage Alternatives

Supercapacitors Energy Storage Applications
On An Economical Scale
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What matters to our customers, matters to us

Energizing the Panama Canal to Energizing data center as Energizing a refinery to take arc flash

Ay . Energizing a potato plant to make sorting
take on double the traffic forward-thinking as Facebook itself

danger out of the operation 120 tons of potatoes a one-man job

:

Johann Cruijff ArenA

Energizing by stored energy Energizing IT systems to power Energizing a subway system to move even

: ) Energizing a working smart grid for
saving 117.000 tons of CO2 the transformation of healthcare faster than the speed of a growing Beijing

energy intelligence.

Eaton is a global power management company

Powering Business Worldwi ) )
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http://www.eaton.com/FTC/oil-and-gas/PanamaCanal/index.htm
http://www.eaton.com/FTC/data-center/Facebook/index.htm
http://www.eaton.com/FTC/oil-and-gas/Valero/index.htm
http://www.eaton.com/FTC/moem/SchaltanlagenbauGormannsGmbH/index.htm
http://www.eaton.com/FTC/data-center/TriRivers/index.htm
http://www.eaton.com/FTC/data-center/BeijingSubway/index.htm
http://www.eaton.com/FTC/utilities/PGESalemSmartPowerCenter/index.htm

A partnership of environmental excellence

Powered by By partnering with Nissan amongst others,
E A I . N we provide energy storage solutions in the
N I S SA N A full range of energy capacity.

MOTOR CORPORATION Powering Business Worldwide

RESIDENTIAL COMMERCIAL INDUSTRIAL

Expertise - Reach - Dependability - Diversity - Footprint - Portfolio

Eaton can partner with you to help you achieve substantial benefits.

E.T-N
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Scalable Solutions Utilizing The Appropriate

Energy Storage Technologies

Amsterdam
ArenA

with xStorage
Buildings 3MW
storage,
Netherlands

10 MWh

Industrial
5°000 — 15’000 Wh

Webaxys
datacenter

with xStorage
Buildings 40kW
scalable storage
Le Havre, France

Buildings
20 - 8’000 kWh

Storage Capacity (kWh)

20 KWh
Home energy
storage unit
xStorage Home
available to
utilities and
homeowners

Residential 3.5 — 10 kWh

E-T-N
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Providing Supercapacitor Energy Storage
For Critical Applications

e Superior Lifetime Cells‘

* High Power and Energy Density
Laser Welded Module Structures




Eaton’s Supercap History

2.5V 2.7\ 3.0V
A Series o
X Series j& ...
N Ly 2
: gy, W o ‘”«/
B Series 4B Series HBV2 Series ey, o %
\@ L &a

< @ TV Series £y
- 4 . . ij
& HV Series XL60 Series @& R,
” ) \\\'25@

s \\

2 to 5 cell packs ‘ XT Series

1999 2000 2006 2008 2010 2012 2013 2014 2015 2016 2017 2018

XLM Module XLR Module

Acquired @
PowerStor ) € @

Supercaps P XVM Module

PowerStor| <R € »

KW Series

E-T-N
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Eaton’s Supercap Cell Type Features

B/HB/PHV/XB | HV/PHV/XV/XL6E0 2.7 TV/XT/XL60 3.0
Product Picture ' J @ J:J & \‘«& \\\\@

Cell Voltage 3.0
izl St By 1.0 1.2 1.4 (+23% TV vs. HV)
(normalized)
Typical usable energy* 1.0 1.3 1.8 (+38% TV vs. HV)
*%
LR 1.0 1.8 2.2 (+23% TV vs. HV)
(normalized)
Non Toxic *  Widest selection (1-3400F) . Industry’s highest power
Non Flammable . Industry’s lowest ESR desity
. . . *+ Good hightemp life Good low temp performanceup Industry’s leading lifetime
Appllcat|on Benefit performance to -40C (approx 2x vs. HV)
*  Industry’s highest stored
energy

*Vcutoff=1.3V and Vcharge at 0.3V less than Vrated

**varies by size due to ESR differences .

E-T-N
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PowerStor Technology - Manufacturing

v Improved electrode quality as a result of state-
of-art coating & calendaring machines providing
improved product performance

v Adding automated assembly and dry room has
lead to improved quality & consistency

v Adding automated Cap, ESR and LC
measurement for 100% of the products resulting
excellent quality

v Excellent traceability by printing date/batch code
on each supercaps (ex coincells)

v IATF16949 qualified facility to comply with
Coating Machine Winding Machine automotive requirements

4

Assembly Machines and Dry Room

E-T-N
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Coincell Auto Test Unit Cylindrical Cell Auto Aging & Testing Unit
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Eaton Supercap Portfolio — 2.5-3.0V Single Cells

OEM
Automotive
Qualified

Elektronik

Pradukte des Jahres

N C

Powering Business Worldwide

Capacitance Hominal Dperating * Leakage
Fami Part Number +** ESR [mohmi Slze (mm| “ Applications
Iy F) ) voitage (V) Temp () Current [wa)
022 BOS08-2R5222-R 15 -25C to +T0C 5411 2
Low Current Holé-up
B Series 1 BOEL0-2R5105-R 25 -25C to +T0C 8113 4 RTC & Memary Back-cs
15 B1010-2R5155-R 300 5 -25C to +TOC 10x 14 7 Gaz, Water, Electicty Merers
2.2 E1020-2R5225-R 200 1.5 -25C to +T0C 8520 3 ) ’
3 HBOE20-2R5305-R 150 15 -35€ to +T0C 8x20 7
5 HE1020-2R5505-R [ 15 -35C to +TOC 105 20 11 Gas, Witer, Electricity Meters
[ HECE30-2R5605-R g5 25 -25C to +70C 8x30 11 - puloe Powees B
10 HE1030-2R5106-R &0 5 -25C to +TOC 10x30 ] Holdoom B Lnear valtase de
-up Power inear woltage de-
HB Series 15 HE1325-2R5156-R as 15 -25C to +T0C 13x26 2 . Mm: Bock . +35c5; 21w
5 HE1625-2R5256-R 36 25 -25C to +T0C 16225 8 241D Data r'sw: : s
35 HE1635-2R5356-1 T 15 -35C to +TOC 16235 32 £ U hs:
ME gl
&0 HEL340-2R5606-A 23 25 -35C ta +TOC 18x40 27 TRy e
110 HE1360-2R5117-R 18 15 -35C to +TOC 18 x 60 180
1 HVOE10-2R7105-R 200 27 -40C ta +65C 8110 10
3 HVOE20-2RT305-R B0 27 -A0C ta +65C Bx20 15 Gas, Witer, Electricty Mesers
5 HYL020-2R7505-R 40 7 -40C to +63C 10x 20 20 ' Full'e -
- § HVOE30-2R 76050 a0 27 -40C ta +65C 8:30 20 Holdun B
-up Power
10 HV1030-2R7106-R 34 27 40 to +65C 105 30 FE) Aocet Tpmkin N
HV Series 15 HV1325-2R7156-R 30 27 40 to +65C 13x 1286 FE) Soid State Drive-iSSDJ rating to +35{:E; a3
5 HV1625-2R7256-R 7 27 -A0C ta +65C 16x 25 45 ps B
35 HV1635-2R7356-R 24 27 -40C ta +65C 16x35 3 —
35 HV1245-2R7356-R 0 27 -40C to +65C 12x45 75 Btormatore Local Ene
50 HV1340-2R7606-R 18 27 -40C ta +65C 18 x 20 110 =
100 HV1860-2R7107-R 12 27 40 ta +65C 18 60 260
5 TW1020-3R0505-R 35 3 -40C to +65C 10520 13
10 TV1030-2R0106-R 6 3 -40C to +65C 10x 30 5 Pulse B
P 15 TV1325-3RO0156-R 24 3 ~40C 0 +65C 15225 35 . :: - :‘.‘“:
ectnc ers -
i Q‘ ® | 1vseries a5 TV1625-3R0256-R 18 3 A0C to +65C 16225 50 r=|=::\l.n i Linear valtage ce-
¢ 245-3R0326-R rating to +85C @ 15V
% 3 esameses | 15 3 scmiex [ aen = CumbiogMacietes | SIS
e ki L Emiedced/Industrial PC URS
50 TV1E40-3RDG06-R 13 3 -40C ta +65C 18 x 40 135
100 TV1E60-3R0107-R 11 3 40 to +65C 18 x 60 225
300 XB3IS50-2R5307-R 70 25 -25C ta +T0C 3550 300 Pulze Power
= . Telecom Holc-up/ UPS Linear woltage de-
B Series 400 XBIF60-2R5A0T-R 45 5 -25C to = T0C 3560 00 RAID Storage Mainz Fai rating 1o +35C @ 2.4V
500 NBISE5-2RSE0T-R 37 15 -25C to = TOC 35485 700 Protecsian
300 KWISS0-2RTIOTR 45 27 ~40C to +65C 35450 480 H-Ray Power
. Tedecom Hold-up/ UPS Linear woltage de-
& WV Series 400 NVISE0-ZRTA0T-R 3.2 27 20 to =65C 35 60 650 Pulse Power reting to +5C @ 2.4V
500 XVI5E5-ZRTE0T-R 6 27 -20C to <B5C 35 485 1300 Emenzency Lightin
275 ¥T3560-300377-8 45 -20C to <65C 35 4 60 600 Buise Fower ]
T Series 370 ¥T3560-3R0377-R 32 3 20 o +65C 35 460 850 Telecom Hold-up/ UPS m:‘:::;ﬁ::‘;d:w
555 NVI5E5-IROS5T-R 56 3 -20C to =65C 35085 1300 |BAID Storage Msins Fil Protection)
3000 ¥LEO-2RTIOEW-R 0 27 -20C to <65C 60 % 138 5000 Linear voltage de-
3000 XL60-2RT306T-R 0.3 27 -40C to +65C 60% 138 5000 rating to +83C @ 2.3V
400 ¥LEO-2ROILEW-R (L] 285 -20C to <650 60 138 000 Engine starting Linear voltage de-
L&D Series Enengy capture and re-use . 250 @ 285V
2400 XL60-2RA34ET-R 0.3 285 -0 ta +65C 60 138 5000 Power Line Conditioning rating to +85C @ 2.
2000 ¥LEO-3R0I0EW-R [ FX] 3 -20C o <65C 60 138 5000 Linear voltage de-
3000 L60-3R0306T-R 0.5 3 -40C 10 +65C 60% 138 5000 rating to +85C @ 1.6V

* Leakzge current measured after 72hr 3t full rated voltage and room tempersture
** The listed applications sre genersl, for specific applications please contact our locsl sales, FAE team
**®* ESR ic measured at 1kHz except for B, PB, KR and KW where ESR datz is based on 100Hz mezsurement

Prynng Sucoop: ROty
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Eaton Supercap Portfolio — 5-5.5V Packs & Coincells

E.Te

FB-5ROVI0A-R 4,0 5 -2bC ta+70C 551088125 3 Has, Water, Electricity Meters
G PB Series 047 PB-5ROVE 74-R 1,0 5 -250 ta+ 700 B5x16.85x14 7 Law Current Hald-up
1 FB-5ROVIOS-R 0,5 5 -25C ta+70C B5x168x215 12 RTC & Memary back-up
1,5 PHB-5ROW155-R 0,310 5 -25C ta+70C B5x16.8x215 10 Gag, Water, Electricity Meters
g PHB Series 2,5 PHB-5R0W255-R 0,130 ] -2BC ta+70C 10.5x 208 »22.5 14 Pulte power Linear valtage de-
3 PHB-5R0W305-R 0,130 5 -25C ta+7OC 855x16.8x31.5 16 Hald-up pawer rating ta +85C & 4.0V
E) PH B-5ROWE05-R 0,120 E) -250 ta+FOC 1055 20.8x 32 25 RTC & Memary back-up
Q.47 PHW-GR4W474-R 0,300 X ] —A0Cta +E5C 55x168x 14 13
1,5 PHW-5R4v155-R 0,100 54 =A0C ta +65C 855x16.8x21.5 15 Pukse P{N.JE.F .
PHV Series 2,5 FHW-GRAWZ55R 0,070 B A0Cta +65C | 105% 2081225 2 Gas,Water, Electricity Meters | Linear valtage de-
Accet Tracking rating ta +85C @ 4.0V
\ 3 PHW-5R4 305-R 0,070 54 —40Cta +65C 55 x16.5%31.5 25 o
Remate Manitaring
5 PHW-5R4'w505-R 0,065 54 —10C ta +B5C 105 % 208832 28
047 PM-GROVAT-R 0,420 5 —10C ta +60OC Boxl68x 1 5 Pulte Power
PI Series 1 PM-5R0WI05-R 0,150 5 —40C ta +60C 55 x16.8x%215 10 Gas, Water, Electricity Meters Linear valtage de-
1,5 PM-G5R0155-R 0,070 5 =A0C ta +60C 1052 2081225 15 Accpt Tracking rating to +85C @ 3.9V
3 PM-5RO205-R 0,050 E) —A0Cta +60C 1055208, 32 20 Remate Manitaring
0,1 KR-SRSC104-R 75 55 -25C0 ta+ 700 13.55 7.5 0,6
022 KR-BR5CZ24-R 75 55 -25C ta+70C 13.6x 7.5 1,3
KR Series 0,33 KR-5R5C334-R 50 55 -250 ta+ F0C 13.55 7.5 2 RTC Ultra-law Leakage
[CType) 047 KF-5R5C474-R 50 5,5 250 ta+ FOC 15.54 7.5 2,5 Memary back-up Current
1 KR-5R5C105-R EAl 55 -250 ta+ F0C 21.55 7.5 [
1,5 KR-5R5C155-R 30 55 -25C ta+70C 21.6x 7.5 El
0,1 KR-5R5%104-R 75 55 -260 ta+70C 115x12.5 0,6
0,22 KR-SREWVZ24-R 75 5o -250 ta+ FOC 11541256 1,3
KR Series 0,33 KR-5R5Y334-R 50 55 -260 ta+70C 115x12.5 z RTC Ultra-law Leakage
v Typej 047 KR-GREYVA 74-R BN 55 -25C ta + FOC 1154125 2.5 Memary back-up Current
1 KR-5R5%105 R 30 55 -260 ta+70C 19z 19.5 [
1,5 KR-SRSYV1G5-R 30 55 -250 ta+ FOC 195 19.5 El
0,1 KR-5R5H104-R 75 55 -25C ta+70C 11545 0,6
0,22 KR-GR5H224-R 75 55 -250 ta+ 700 11545 1,3
KR Serias 0,33 KR-5R5H334-R 50 55 -25C ta+70C 11545 2 RTC Ultra-law leakage
I [H Typel 047 KR-GR5H4 74-R EA] 55 -250 ta+ 700 11545 248 Memary back-up Current
1 KR-5R5H105-R 30 55 -25C ta+70C 134 6.5 B
1,5 KR-5R5H155-R 30 55 -250 ta+ 700 19 % 6.5 El
0,1 KW-5REC104-R 50 55 -40C ta +85C 13.54 5.3 0,6 BTC
O Series 0,22 KW-5RGBCZ24-R 50 55 -40C ta +56C 13.5x 5.3 1,5 Memary back-up Whtra-tow Leskage
(CType) 0,33 KW-GREC33-R 50 55 -40C ta +85C 13.54 5.3 2 Progrs mmable Lagic Cantral Current
0,68 K'W-5RGCEE-R 30 55 -40C ta +56C 21.5x9.0 28 [PLCS
1 KW-5REC105-R 30 55 -40C ta +85C 21.549.0 B

Powering Business Worldwide

© 2019 Eaton Corporation. All rights reserved
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Eaton Supercap Porfolio — 16-69V Modules

. . Capacitance - Nominal Operating , * Leakage - .
Picture Family ) Part Number ESR (mohm) Voltage (V) o Size (mm) Curent (aA) Applications
U L XVM Emergency back-up Compact Size
i MEI? 65 XVM-16R2656-R 22 16.2 -40C to +65C 236x46x78 23 Battery assist while cranking Easy Mounting
recogn ized I Equipment graceful shutdown |  Maintanace Free
a2 XVM- 259R2425-R 310 259.2 40Cto+65C | 550x266x94 27 UPS up to S0kW Standard Rack Size Fit
XYM Medical Imaging Booster Fuse Included
Board 6.3 XVM- 259R2635-R 250 259.2 40Ct0 +65C | 550x266x94 27 UPS up to S0kW Standard Rack Size Fit
Medical Imaging Booster Fuse Included
UPS ¢ Lowest ESR
130 XLM-62R1137A-R 6.7 62.1 -40C to +65C | 686x176x173 128 , cnergy storage Longest Lifetime
Kilo/Megawatt energy storage
CE & UL Maintanance Free
f d XLM Series
certifie Lowest ESR
130 XLM-69R0137A-R 6.7 69 -40C 10 +65C | 686x176x173 128  UPS energy storage Longest Lifetime
Kilo/Megawatt energy storage .
Maintanance Free
Energy Regeneration & Lowest ESR
Power Boost for Ruggedized
667 XLR-24R3667-R 2.5 24.2 -40C to +65C 420x195x176 10.4 . .
U |_ Engine Start Construction
. Material Handling P65
reco 9 ni Zed Energy Regeneration & Lowest ESR
& ' Power Boost for Ruggedized
: i 166 XLR- 48R2167-R 5 48.6 -40C to +65C 420%195x176 52
XLR Series Transportation& Construction
UN ECE Material Handling IP6S
R 100 Energy Regeneration & Lowest ESR
. Power Boost for Ruggedized
XLR- 51R 7-R . ! 4 7 .
q u a| ifi ed 188 LR-51R319 5.5 48.6 -40C to +65C 20x195x176 52 Transportation& Construction
Material Handling P65
* Leakage current measured after 72hr at full rated voltage and room temperature E’ .T.N
** The listed applications are general, for specific applications please contact our local sales, FAE team P;'T R e
Vi e
*** ESR is measured at 1kHz except for B, PB, KR and KW where ESR data is based on 100Hz measurement ro e
12
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Market / Application Matrix

Products Computing Transport Industrial Energy Consumer Medical
Coin Cells RTC RTC
O . Real time * Real time clock Meter Anti . . * Real time clock
3y ° eter Antl- ° oW curren
- : clock backu backu backu
il G P P Tamper holdup P
. . *  Brown-out .

Cylmdr!cal Cells RAID Brown-out +  Emergency Call protection «  Smart meter + Gambling +  Pulse power for
% P = protection \?(())I(tjz: LeOZI;S +  Pulse power pulse power machine UPS battery
”; . " SSDpulse orotection * Emergency - Smart meter + Toys power powered

& 7 power : power/lights backup power Bi i devi
@ @ . « Bicycle lights evices
0 Asset tracking . Telecom UPS pp Y g
Cylindrical Packs . RAID Brown-out *  Embedded PC + Smart " Toys power « Pulse power for
0@ & protection » E-Call units power E:g;’;g;%;\t gas&water ’ Blcycle lights battery
%@ @ . SSD pulse » Asset tracking . Machine Pulse meter pulse Billboards powered
@ power ower brownout devices
power P protection
Large Cells . ile X-
9 + Energy regeneration * UPS—PC/PLC level Mobile X-ray pulse
; ) _ power
— hybrids +  Machine peak/pulse » Solar Firming — _
. Engine cold power idental si » Laser/aestethic
e g9 residental size surgery peak
start/peak power *  UPS — up to 50kW power
« Traction energy * microGrid energy
Modules « UPS-— regeneration +  UPS —facility storage * Imaging peak
Datacenter stationary/on-board «  Peak shaving — «  Solar firming — solar shaving (CT, MR,
o « Electric trains — machine level field Xray
facility mains power bridge «  Energy regeneration +  High altitude wind « UPS- Hosgitals

power

energy regenerate

~Fil°N
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Supercapacitors vs.
Other High Power
Energy Storage
Alternatives




Key Parameters To Consider By Selecting
The Energy Storage Technology

?er (discharge rate in kWI/L)
mps at a fixed voltage)

Power density of igcific p

Continuous charge (kW or

%I“ energy (KW/L) < <

Energy density or's

Operating temperatu
Round trip cycling-enefgyrefficiency
Standby/idle energy. efficiency
Discharge response time: .

© 0 NO oA W N

Recharge time / system availibility
Operjtlonal lifetime

10: Rellabnlty

11. Footprmt

12:Weight for floor re|nf6”rcements and/arshipping“cost

SO |

13/ Initial cost of system, components, and accessories (CapEx)

14:0ngoing costs of maintenance, repair, cooling, etc. (OpEX)

EF.T°N
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Most Common Energy Storage Technologies

_

Diesel Generator/Turbines *

1. VRLA Battery — 50% market share, but decreasing
2. Lilon Battery N High power density
_ technologies gaining

3. Supercapacitor — share from VRLA

_ mainly due to fast up to
4. —Iywheel speed gensets
S.
6.

Hydrogen Fuel Cell *

* . not discussed as they are slow response time, long
term energy provider devices

17
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High Power Density Energy Storage

Technologies

o _ Supercapacitor Li-ion Batteries Flywheel

Key Characteristic Units
- Electrostatic - - Electrochemical - - Kinetic -

Voltage per base unit \% 2.5-3 3.6-4.2 400-500
Cold Operating Temp °C -40 -20 -10
Hot Temperature °C +70 (85) +45 +40
Cycle Life >1,000,000 10,000 unk
Calendar Life Years 5-20 3-10 20
Energy Density Wh/L 1-10 250-650 0.6 — 1.2 incl converter
Power Density wWi/L 1000 - 10,000 850 - 3000 98 - 275
Efficiency % >98 80 - 90 98
Charge Rate C/x >1,500 <40 ~4
Discharge Time Sec or Minutes Hours Sec or Minutes
Cost per kWh $ 10.000-15.000 100-500 2.000-5.000
Cost per kW $ 0.1-0.2 100-500 (1C) 300-500 (many factors)

18
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Power Energy Storage - Examples

Specification Units Supercaps (30 XLM unit) Lithium-ion Flywheel
Voltage Range Vdc 570 — 360 538 — 410 520 - 400
Temperature Range °C -40 to +65C +18 to +28 -10 to +40
Max Power kw 300 150 300
Energy Storage kWh 2.09 32.6 1.67
Design Life @ 28C Years 20 15 20
Recharge Rate Amps 150 22 15 to 50
Dimensions (W x D x H) cm 80 x 85 x 213 65 x 60 x 229 76 X 76 x 187
Weight Kg 750 550 760

Maintenance free

Low or no need for HVAC

i dfeoss femes * Lowest kWh cost overall Very good cost/kW and
Advantages « High reliability with cost/kWh performance

Easly scaleable
Safe operation
Fast recharge in seconds

advanced cell monitoring

combination

Disadvantages

» Specific HVAC
requirements especially
in public access areas
additional fire safety

Most expensive per KWh

Less scaleable

High installation cost (large and
heavy one piece equipment,
shipping cost)

Expensive regular maintanance
High energy consumption
through the lifetime

—FEil°N

Powering Business Worldwide
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TCO For 600kVA — 30s Energy Storage

Unit for 15yrs Lifetime

$700,000.00
Supercapacitor static energy
$600,000.00 .
storage is mostly cost
£500,000.00 efficient at 30s or lower
discharge time
$400,000.00
I Total Efficiency Cost for 15 Years
$300,000.00 M Total Maintenance Cost for 15 Years
M Total Capital Expediture
$200,000.00
$100,000.00
s‘ T T T T T T T 1
VLRA Li-ion Flywheels XLM-62
Supercaps

Eaton’s online TCO calculation tool is soon available @

E-T-N
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https://www.eaton.com/us/en-us/products/electronic-components/supercapacitor-tco-tool.html

Supercapacitors Energy
Storage Applications On
An Economical Scale




Reliable Back Up Power When Needed

Use Cases Of Supercap Power:

Short back-up times

. When primary power is
interrupted, Eaton’s
Supercapacitors will bridge the
gap until generator starts up.

Short power interruptions
Blackouts, brownout, glitches

' ‘ autoreclosure events

Provides protection until mains
power is restored

High temperature

environments

. Where batteries just won’t
survive

. Supercapacitors are specified
from -40C to +65C

Power peaks

. When short repetitive power
peaks are the problem — Eaton
Supercapacitors provides a
reliable power buffer

E-T-N
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Reducing CAPEX

Lower infrastructure costs due higher temperature capability
« Location can be optimized with less cooling and no need for hydrogen venting

« Supercaps also weight less than batteries or flywheels thus no need to reinforce
floor

Long lifetime
« +15years operating lifetime, up to 20years at +25C

Greater scalability - example for modular setup:
« Easily scales in strings of 10 modules
« 1 string is ~100kW / 10sec

« Decay of capacitance over 20years can be
compensated by installing fresh caps
parallel to existing ones

23
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Lowering OPEX

NO MAINTENANCE

Unlike batteries or rotating devices Supercapacitors do not need
scheduled maintenance.

SPARE PARTS

No maintenance means no spare parts no lead time for spares no
inventory stock.

HIGH EFFICIENCY

Operating losses of Supercapacitors are minimal whereas rotating
solutions consume continuously energy to spin the rotating mass.
Total system efficiency will outrank rotary systems by far.

N\

E-T-N
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Grid Storage And Ancillary Services

Frequency regulation & microgrid

* Challenges
» Efficient balancing of supply and demand
* Increase in Distributed Energy Resources
(DER)
* More sensitive demand loads
» High ramp rate supply and demand with
renewables and large consumers

. Why Eaton
High peak power and efficiency
» Reliability and long lifetimes
» Deep applications support
» Complementary products for all-in-one
solutlon

EF.T°N

Powering Business Worldwide
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Ancillary services

* Matches the instantaneous demand and supply for the grid
* Provides frequency regulation to ensure quality power transmission

240

——=Scheduled Demand

=—=Actual Demand

130 Ancillary Dispatch
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I
o

Demand (MW)

S0

40

Hour

« Supercaps take place of natural gas turbines and spinning reserves
* Reduces greenhouse emissions and start/stop of turbines
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Renewable Energy
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Solar and wind firming

» Challenges
» |nconsistent renewable output
* Frequent charge/discharges for
firming
* Reduce O&M expenditures
/- Why Eaton
*/ ‘High peak pewer and efficiency
» Maintenance freg operation
« - Reliability and life time
Deep applications support

© 2019 Eaton Corporation. All rights reserved



Solar Powered Microgrid Example

50kW, 19 seconds, 10 modules

Solar, Li-ion battery, supercapacitors, solar
inverter
Demonstrate supercapacitor modules

« Firming solar output (30% efficiency
improvement)

» Protecting Li batteries
« Control optimization

Supercapacitors absorb voltage dropouts

Solar
Array

TR Pt o et o i S

GRID
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Traction wayside energy regeneration

Rail, trolley, subway electrification

* Challenges

» High power required for
acceleration

»Grid voltage control

» Energy efficiency/savings

« Maximum power capture

« Why Eaton
A/( | D\ » Applications support
XLM-62 XL R-48 * Quick charge capability

» Adjacent Eaton equipment &
services
» High and low duty cycle products

e XLR-51
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Trackside ESS connected to renewables

HV AC grid
=
TPS a .
Recti fier Eaton uperpacitor#

i ' ' DC
~ DC

600V-3kV DC

P T

Train station
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Critical facility power quality

« Challenges
» Poor grid reliability
» Short power drops cause hours of
downtime
* High maintenance backup solutions
» Required short duration ridethrough
* Hot environments
» Semi F-47 Ridetrough
« Why Eaton
» Long life alternative to batteries,
especially at higher temperatures
* Low maintenance compared to fly
wheels
» High reliability

'—im‘—-—-\
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Bridge Power Emergency Back-Up Generators

« Generator Starting

Challenges
« Battery reliability, failure to sta
« Battery maintenancgss

« Why Eaig

« XLM-62R1137A-R
 XLR-48R6167-R

E-T-N
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Heavy material handling peak power support

Harbor crane &

large lifting systems

* Challenges
« High power required for heavy loads
« Maximize energy efficiency
« Shock and vibration, reliability
« Low and high temperature

« Why Eaton
» High peak power and efficiency
 Reliability and life times up to 20 \
* Regenerative energy capture
« Deep applications support

. Cablnet Ievel solutlons

A
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| earn more at:

WWWw.eaton.com/supercapacitors

Or contact in EMEA:

akoslabady@eaton.com
mauromartini@eaton.com



http://www.eaton.com/supercapacitors
mailto:akoslabady@eaton.com
mailto:mauromartini@eaton.com

Thank You!



