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Utility applications




Utility applications

» Backup power during interruptions (standby)
» Match supply and demand (cycling)

Stress relieve on generators and transmission
Control frequeRcy. .,_h £ —

Requirements

e Total cost of
ownership

* Reliability

» Temperature tolerance
» Cycle depth

* Number of cycles

» Specific power

» Specific energy

* Round trip efficiency
» Standby losses

* Maintenance

* Environmental impact
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Electrolytic capacitors

1 « High specific power
Cv(t)’ = Ev(t)q(t) +  Low specific energy

1q(t)* 1
2 . Life: 1 000 000 cycles,

WO =-a@)[] E@dz =24 =—

&A 15 years (45 °C)
* No maintenance
* High eff, no loss

where,C =

Ultra capacitors

* High specific power

2 e « Specific energy 10 times
WtraCap b EC
| | « Life: 500 000 cycles, 10
years
e 450C

¢ No maintenance
* High eff, no loss

« Activated carbon electrode material causes high
energy content of Ultra Caps vs EC

+ High specific surface area of about 2000 m2?/g
and

« short distance between the opposite charges of Aluminum foil
the capacitors (2 ... 5 nm)




Beacon Flywheel

« Low specific power

e Low specific energy

e 20-year Design Life

¢ High Temperature Tolerance
¢ No maintenance

e 88% eff, 2% loss

Rotational energy as a function of moment of inertia
and angular velocity

E, L
2

Optimise for angular velocity with the square
relationship to energy

Composite materials, hydrodynamic or
magnetic bearings, vacuumed

Smart Energy Matrix Flywheel Energy Storage System
Beacon Flywheel .

Erectrical (DC Interface) Environmentar

utput power: 2 MW max. continuous (for 5mins)  Temperature range: -40 to +50 deg. C
Rated output energy: 250 kWh & 1 MW Humidity: Up to 953% (non-condensing)
Inputioutput votage: 480 VAC, 3-phase, 50/60 Hz Earthquake: IBC zone 4 compliant
Standby loss: <29 of rated power Installation: Abave ground on concrete pad;
Cyelic ife: 300,000 operating cycles depioyabie on-site in one day
Design life: 20years
Responsetime: < 5ms Manhocly

* Proactive operational and fault monitoring for stored
Physical energy, cyclic activity and system status
Container dimensions: 8.5 ft. Hx 8 ft W x 30 ft L + Ethernet and Web access for monitering and control
Weight @mptyr  Appro. 7000 Ibs. (3175 k) « Apility to communicate with and raceive control signals
Weight foaded):  Approx. 33,500 Ibs. (7,300 kg) from Indapendent System Operators (150s)

The Smart Energy Malrk b an movathe,
modular energy storage solution that

comes factory tested in a standard
container that can be deployed <
orvsite I one day.

About Beacon Power

Beaccn Power Comaration designs. develops and defivers sustairable
energy storage 2nd power conversion sclutions that provide relisble

electric power for the utility, renewable energy and distributed
generation markets. m

234 Ballardvals Strest Fax: 1-978-694-9127 m
wilmington. M4 O188T USA  www.beaconpowercom o
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URENCO PQ Flywheel
U renco FI yW h eel Energy Storage System

Configuration
T Two terminal constant voltage DC Flywheel Energy
4 {4 ; ‘Storage System (FESS) complete with fully integrated

high speed permanant magnet brushless DG motor
generator.

Output

Constant DG voltage output.

Transient response. full load
< 5ms [with no disturbance to DG voltage).

Adjustable output range 800 - 750 V DG
(cther by request).

DC Voltage regulation -\+ 1% nominal.

DC Ripple < 2V

1500 mm

. “l Input requirements

a Float voltage range 800 - 750  DC.
K ‘A' Minimum under voltage threshold 600 V DG
oy o Minimum charging current required 5 A DG.

Average standby current 1.5 A DC.
Minimum recharge time from complete discharge
18 seconds.

b Deli

[rr———

Total energy stored 18MJ.

Rating | 100 | 88 | &0 | 74 6o [58 |60 | pow)

£
(o]
Q
@
@
<
3
)
T
]
<
=

System dimensions

e Sy & ot e e sepaaL

Flywheel physical dimensions Control panel physical size
Jre—

Height: 1500mm (50°). Height 2200mm (867).

Footprint:300mm x G00mm (24" x 24%). Footprint B0 x 600 mm (24" x 24).

Mass:  1200kg (2840 lbs). ‘Weight 300kg (650 1bs).

Efficiency Environment

System efficiency better than 82% (1 Cycle).

Flywhee! efficiency better than 08%. D"E""'“V;f',,"’";“"e rengs

+4 Deg C.
Non operafing temerature range
07470 Deg C.

Standard features Humidity O +85% without condensation.
Alftude up to 1850m (8000 fest).

Fywhes! silent running | zero vibraton.

LCD display & conirol panel.

RS-232 communicatians interface. m

Automatic full system seff est every 10mins.

Remate Alarm status —

‘WinCom remote monitoring. Urencs apeabyml) Limi=d

CAESS (Pnu Power)

* Low specific power
« Low specific energy
e 20-year Design Life
* High Temperature Tolerance
* No maintenance

* Low complexity

80% (11%) eff, no loss
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Scroll technology

Ideal gas law for isothermal process and first law of thermodynamics:
PV =nRT = constant
v, NRT

W, o =["Pav=] - = nRTjVV“Vidv

Vv P P

=nRT(InV, —=InV,)=nRTIn-&=nRT In-2 =PV In=4
v, P, P

vV, P

where, PV, =PV, andso—=& =~

VA PB

Fast response, only one moving part

High pressure air input

Air pocket expands through sequence

Orbiting scroll

Fuel cell
(Plug Power 5 kW)

H, > 2H" + 2e”
2H" + %0, + 2¢° - H,0
H+%0, -H,0

Current

gen fusl sterags is

Anode Cathode
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Robust
Thermal Management System —
T 1o 46°C

ulated Cabinat - iz ality paint process that

protacts the axtericr finish
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Flow batteries (VRB)

VRB Energy

Storage System

3.3 kW, 10 kWh

* Independent sizing of
power and energy

* No degradation of
electrodes

» High cycle
* 62-80% eff, 2% loss

* Low specific power

» Low specific energy

 Life: unlimited cycles, 15
years (45 °C)

* No maintenance

e Complex system

Flow batteries (VRB)

VO* +H,00 VO; +2H"+e” E,=1.004V

—
oxidation

reduction
-

V¥+e 0 V¥ E,=-0255V

-
reduction

oxidation
-—

Vanadium(ll) sulphate = violet
vanadium(lll) sulphate = aqua green
vanadium(lV) sulphate = blue

vanadium (V) sulphate = yellow

®




Battery assembly

Electrical system

Anode Cathode
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King Island installation




Overview
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Overview of cost
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Overview of cost

LCC comparisons between a 2 kW Pnu Power CAES system and a 288 Ah VLAB system|

R400

R300

10 1

Yedlrs

C—JAnnual cash flows (FCC)

B Annual cash flows (VLAB)

Discounted aggregated cash flow (CAES)

==4=Discounted aggregated cash flow (CAES)
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Castle Valley Installation

G

Castle Valley Installation
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King Island installation

System overview
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System overview

Station
Summary

Load

Wind

Freq
Bus @
Bus SP
Max Load
Min Load

250 kW, absorbing 50 kVAR

S 1250 kW, 800 kVAR
Feeder M“}
Shedding ;

o

BlackStart|
OFF

850 kw, 0.98 lead to 0.95 lag

Matching load to generation
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Matching load and generation

Frequency control
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Voltage control
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