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Energy Storage Ener 5? Density | Power 'Den.wt_\ Commercial Availability
Technology Type (WH/kg) (W/kg)
Batteries:
Lead Acid 45 300 Verv mature and readily available
Nickel Cadmium 65 200 Mature and available
Lithium-lon 130 180 Available
Nickel Hvdride 80 200 Available
Zine-Air 90 150 Available
Sodium Sulfur 110 60 Available
Zinc Bromine 70 75 Available
Ultracapacitors 305 2.000-10,000 Commercial Now for pulse power. Lower cost products in
(electrochemical capacitors) 1-5 vears for longer duration applications
Flywheels (steel and composite 10-100 LO00-10,000 Short term Storage Products Availuble Now, Long
low and high speed) Duration Products Emerging
Superconducting Magnetic ? 300-1,000 Short term Storage Products Availuble Now, Longer
Energy Storage (SMES) Duration Products in Development
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Contactor
Input Line Output
G i Contactor
. ‘_‘ Inverter
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Inductor
AC DC
DC AC
Flywheel Utility

Converter

Flywheet

Converter

07 2 ALY U LHT|E AXlske 250kW B2k
Z210|8 UPS

ZA)5ka 24t} Holec, Piller, Precise®t 22 3
<88 FF38haL 43 Active Power, Beacon
2 Urencoe 114 Zatol3 2 283k A1 &5 FF3txm Ut
Zejo|3l 2 we|g]d] vl £ B 7] wiiel] BelA
Azl goae HA o AAAo] gt AH|e] 7HHo]
oA HA] o] A2 F474E Ao Helth

Fefolde Fefo|Re & Adsk Ae der)/
7] A 2ElE Bal A1 s Sefo|dle] A& e}
HstEE o] £ERSLE Weksly] Y8l JIWEE AXg I+
AR A7 et e B71H571E AHSS Belx
MEA ndle) B4F shte Al 9 g AS din)st
ZEG AR e] Aot AE7]/EH] Al=wlE G
2t Fejol 8 Fefo|do] TEEY AlAFlY] 7)5o| FE
7] Mol Hatg BzAgoz AT FEI &3
T EE 3 E o] drh BEHYL ou]4 Aot Ffjol

AE MY By E getedl, MdE THVE 5~10% 9

AN

Well Aoz g2k 4= 9t} Zgjo|d BHejx] APl
glo] 7|BAe] 53 shube Ik Az, 71FE Ay
4 7]} ARt FAe) dEE FFste Aol

Ae7) /A7) /Eetol| 8 S 7wte g g A oA AL
A go] gk 10kVACIA IMVAZER] theksis | A%
gkl Z7]|9} Zetold oyA| o we} tha7)E skA 1~10
Z Feh Hopol ez dEE FFdhe v 2 A
frh, Bt & 839 Felo|d Alawle tigk 302714 HY
< FHE 5 olr} Zetold A aElo] BYHoE M ¥
= AA AR e o] AldEs @3t Alzgle

= Falge gttt & AR A 2% Ft

& TFEE SgolU e 20% FatilAe 102 ek A
F Atk Active PowerAtE H|E3 2 FA}
M HEEE Zefold R A 13 29} 22 Ejold
UPSZ UPS A1AE F&ksta ol

o] A& 7]5-& wEe)E AME3 He|AA AT} fARSE
o} FHdozRE FFHY HFo] AgHd Az AYH
S} A 29x)7) BahE Hish Sgold A
2Ejo] Halof] Mg FF3) o]idt 7] 5o Fatel 4
SAYEY o AHE FFeE V) Atk A& F
o817} TS AV7|AIF R QAT A& Alasle]
Z dle 28 33 2}

oy
T
ax

3) UCAP(Ultra Capacitor)

UukE o 2 UCAPE 2971702 ARSI 4 2 B¢t
A&E = FUAFE SSAIAY F AbelE o]ule] A

& EAste 8&o Agsit. a8y E5HAE



Powet: 1670 kKVA MANUALLY INITIATED AUTOMATIC BYPASS /~ |
Discharge duration: | 12 sec TRIBLOCK ™ oy caurnc @ !
Inpu! voliage: 480V B HOKE  CHOKE @ ‘l
Available energy: 5.6kWh %0 |

aue: — 600,30 ! CRITICAL!
Qutput voltage 480 — 600 }O 1c, | POWERBRIDGE~ Lo
60 Hz, 4-wire 1 I
Recharge time: ¥ sec | ; E
Weight: 43.198 1b. i ; !
)
Speed range 3600 — [RO0 rpm i > ! i
Total weight 10,850 Ib. P :
Rotor weight 5,960 1b. ! HareR _ ! |
Magnetic bearing foree 24.000 N | 7 aremuron P oad y i
Resultunt bearing loud 3.000 N } % PR PR = . |
Bearing change 70,000 hours I Doaai™yy | GENERATOR |
Quiput rating 1100 kW 7 16 sec. | | ! -————‘——L ! |
Nominal - Maximum 1650 kW 1 10 sec. l & 1 } BIE%?IE/%E?EN;L == wotor i i
Qutput voltage 405 - 350 VDC e % | 10FZINPARALIFL L ! }
Efficiency . losses 99% / 11 kW U ;
12 3. TriBlock UPSE Piller Power Bridge Systeme] BAiet 2H2f T
¥ 2. BE[X| HAAAEB MEYFR(Qf H[w
Parameter Lead-Acid Batteries Ultra-Capacitors DC Flywheels (1)
Power (& 15s W/kg 20 - 330 120 - 1200 10 - 130
Energy (@ 15s kl/kg 10-6 10-6 10-6
Energy Range klJ/kg 93 - 6 122 10 - 2
Discharge Time Range 90 - .25 minutes 60 1 seconds 200-2 seconds
Recharge Time Range Hours to Minutes Minutes to Seconds Minutes to Seconds
Roundtrip Efficiency * 75% 95% 90%
Typical Cycle Life (cycles) 2,000 100,000 10,000
Cost $/kJ Range"?’ $.1-1 $5 - 40 $1-4
Technology Status Mature Emerging Available
(1) Flywheel performance, cost, and weight includes converter and containment
(2) Assumes a slow recharge for best-case efficiency
(3) First cost over rated discharge time range from longest (lowest cost) to shortest time (highest cost)
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3% Voltage Unbalance Test
Ab Bce Ca T % Unbalance

\% 464.90 468.10 478.90 2.98 %

A 114.81 133.83 75.07 54.5 %
Source \%% 73780.00

VA 87750.00

PF 0.84

\ 480.60 478.70 480.70 0.42 %

A 79.71 80.71 81.46 2.17 %
Load \%Y 66360.00

VA 67030.00

PF 0.99
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