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* CIS with band gap 1eV.
high absorption coefficient
10°cm!:

* High efficiency levels.

F16 CIS<HT# a7 LW

Copper-Indium-Gallium-Diselenide Cell

MoFz
ITOZnO

0.03 - 0,05 ym c
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1520 im

CulnGaSez

0.5-1.5m
Mo
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* NREL has obtamned an efficiency of 19.5% in the lab.
Source: D. Carlson, PB Solar
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BB s 0 (1) HEw 1 247% (2) % %% :19.8% (3) 25
:14.5% (4) GaAs : 25.7% (5) CIGS : 18.8% (6) % #&m ¢ &7
(InGaP/GaAs//InGaAs, multijunction tandem cell) : 33.3% -

PERL-Cell Concept

dewbie Liyrs Finges ‘|r'm'|.|d" ey

rear ponlact onsde Sonrer: worw wnaw edu wm
*  The laser grooved rechnigue for fabneanng cells using the SE concepr,

was dev c]npcd by Marnn Gn:tr 5 group in Anstrala (the "PERL" cell),
and has produced the recard high S solar cells efficiency (close o 25%)

+  However, according to Gresn the costs of their cells are "about 10 times
maore expensive than their weight equivalent in gold
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Modules Lab
=~ Dve-sensitized solar cells 3-5% 11%
= Amorphous silicon (multijunction) 6- 8% 13.2%
> Cadminm Telluride (CdTe) thin film 8- 10% 16.5%
# Copper-Indium-Gallinm-Seleninm (CIGS) 9-11% 19.5%
# Multicrystalline or polycrystalline silicon 12 - 15% 20.3%
= Monocrystalline silicon 14 - 16% 21.6%
= High performance monocrystalline silicon 16 - 18% 24.7%
# Triple-junction (GalnP/GaAs/Ge) cell (236 suns) - 39.0%

",/Tf TOb R Sy e s § - f@ﬁ;f‘ﬂrx N L BN HopE
(thin films) - Fm M f €% > 2004 & Byt kg e i
87.6 MW 3¢ iz 7] 2009 & #-:% 1546 MW ( & T35 £ F 5 13.4%) o
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Joeb s BCC 3F G ATE A K B GldoBoRAT it X R
(dye—sensitized solar cells) £ 2005 &4 lﬁ,ﬁs A T LS
,l P

4 6.5 MW - it —k—t i.—fh%\w;.,‘ B 30.1% > 4 rjﬁ{gﬁflj 2009 & ¥ i&
197 MW o 2 & 13 cnE > SR ST # FE G v »
PP AR EHBES  HR e BT R i s

MAEBERE (B19) 2004 £ >3k~ B a® AE s 47 R Z
2009 2 pF 5 82 % £ > &£ Lo £ F 5 11, = h
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2003 2004 005 2008
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—a— IModule materials ($ Million)
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Janice Lin & ¢ 3k ¢ 12 [ Reliable Peak Load Reduction by
Integrating Onsite PV and Flow Battery Technology | % 48 > # % 2 &= 3
Wy oAl R R EREAMEF LT > GRS E LR E

Substation Storage

Location: In substation

Benefits:

= Provides emergency backup powsr
= 50C remotely monitorable

POWER PLANT S S 14 \ « Easily relocatable

Primary user: Utility

T&D Asset Optimization

Location: At feeder line/substation
Benefits:

= Defer T&D capital investment

= Dispatch stored energy fo shave peak

= Improve power quality & customer service
= Provide voltage and freguency support

= Capture energy arbitrage savings

- Reduce line losses

Primary user: Ltility

NI N ENENENENEENEEENEEEENEN

Dlstnhuted Energy Stn-rage Integration with Renewables

Location: Customer side of the meter Location: Large scale renewable ensrgy sites
Benefits: Benefits:
- Offset peak usage with stored energy = Smocth intermittent generation
- Integrate with distributed renewables, DSM, DR = Firm rengwable generafion for sale on peak
- Provide UPSiemergency backup power » Reduce spinning reserve required for grid stabilization
Primary user: Ufility Customer/End User Primary user: Site Developerninvestors
;5 » 5 5 2y 22 Sh 22 A o Sh %
B 20 VRB /i # 7. # P_#inbﬁlﬁ@@?énéf—»’»eq,“hﬁaq]ﬁca,,ﬁ
4L B )\ s\ &H s JLT—Y A 2 S -
IR R T AR RS G N L i A TR N
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“r Typical Summer
. Daily Demand for
CA-ISO Region

Demand Curve after
Implementation of
3,000 MW saolar

Peak-Shaving Impact
of 13 GWh storage
Equivalent to 5 KWh
Storage for each kKW
Installed Solar
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Lead Acla satery
SKW — 4hrs

25%
Discharge
Ideal

75% “unusable”

Life Span — 3-4 years
Charge Rate — 5.1

Enviro Rating — Poor
Scalability — 1TW to 500kW
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VRB Flow Battery
5KW — 4hrs

100%
Discharge
Capability

Life Span — 15-30 years
Charge Rate — 1:1
Enviro Rating — Excellent
Scalability — 3.5kKW to 100 MW
Environmentally Friendly

No heavy Metals

Indefinite Life
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UL T R R B B 6V 34 ERF 115730 & 0 ks
PR A £ 7 d 1~500kW 2% + 1 3.5kW ~100 MW -

Pump L l;wurmr:a}"fﬁaﬁ —| Pump
Patented vanadium-based redox rqg'enemz‘iwe ﬁm’ celf

canverts chemical energy inteo electrical energy.
< s

Vi= Vorte | qumam | V3teo V2
Voir+e-— V4

Discharge V2t = Vi3 + e
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1 MW Battery Application with PV + Load Shift

(Cloudy Spring Day)
2000

2500

2000 4

DEBattery Charging (kW)
1500 WEattery QUT (kW)
OSolar PV (kW)

CiMet PGAE Meter Load (kW)

Electric Power (kW)

1000 q

50041 150 kW control limit

to prevent export to
grid

Hour of Day
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