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AES and Energy Storage



O Advancion™ AES footprint provides a platform ( ‘AES

for solving power challenges.

Our mission Is 1o
improve lives by
providing safe, reliable
and sustainable energy
solutions in every market

Global workforce

30 GW Generating Capacity
11M Utility customers
$18 Billion Annual Revenue

Key @ AES Headquarters . AES Operations

© 2013 The AES Corporation All Rights Reserved 4




C9AES

Batteries on the grid? Yes.

Cells Vehicle Sub-Modules Trays

40 MW Resource - 800,000 Cells
© 2013 The AES Corporation All Rights Reserved 5




CINE

we are the energy
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CHILE Experience



Chilean Projects

€9 AEsS

we are the energy

Capacity Release for Generators

12 MW
Los Andes

(in operation)

COD: Dec-2009
Size: 12 MW
Revenue Model: 94 GWh energy sales/year

Commercial Availability.: 100%

Capacity Release for Generators

20 MW
Angamos

(in operation)

COD: Dec-2011
Size: 20 MW (DOE LG)
Revenue Model: 150 GWh energy sales / year

Commercial Availability.: 100%

Cochrane

(in construction)



Established, Award-Winning Grid Storage Offering (‘AES

Over 200 MW in operation and construction R S £ ey

BUTATIS AMD TRCHMOLOCH O T GA G G TON OMTTYY

2012Plam of the Year . | ':',-._g:;;g;:r, 7 20 MW Angamos Resource
. Antofagasta, Chile

T
;., ~ storage industry”
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Angamos 20MW resource quick, precise response to (‘AES
system event on 4/9/12 to maintain grid

—————————————————————————————————————————————————————————————————————————————————————————————

Angamos BESS Response

v" Angamos BESS responds with
rapid increase of output from
OMW to 20MW
Autonomous response
according to programmed profile
Output sustained until stability
restored

49.6

Frecuencia [Hz]

17:58:34 18:01:26

Thermal Units

Thermal unit responds with
AMW burst, then output drops
off

Gradually ramps up in
oscillating manner to 7MW
output increase over 4
minutes

o —

© 2013 The AES Corporation All Rights Reserved 10



Event from May 8, 2013, when the SING lost 640 MW
(2,000 MW peak demand) due to a substation trip (bus- GAES
bar protection). ve areth enersy

640 MW lost generation @ S5ING
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The AES units BESS_Andes and Angamos both responded immediately and this rapid
injection of power helped stabilize the system frequency so that the other thermal units

could replace the lost power without tripping.
© 2013 The AES Corporation All Rights Reserved 11




Angamos SCADA Report

Run time start 2012/07/20 07:00
Run duration 1m38s
Date range 2012/07/19 00:00 to 2012/07/20 00:00
Records 248741

Statistics

enst05-SGDC - group_real_power_capacity

Data type Numeric

Start 20,000.00
Minimum 20,000.00 @ 2012/07/19 00:00
Maximum 20,000.00 @ 2012/07/19 00:00

Average 20,000.00
Sum 171,580,000.00
Count 8579

20000.0000000

No events to list

19-Jul, 00:00 19-Jul, 12:00

enst05-bess_meter - frequency
Data type Numeric
Start 49.96Hz
Minimum 49.77Hz @ 2012/07/19 08:44
Maximum 50.30Hz @ 2012/07/19 12:50
Average 50.05Hz
Sum 2,149,757.77Hz
Count 42953

19-Jul, 00:00 19-Jul, 12:00

Confidential and Private

Daily Operational Report

Eﬂergy Sstorage HD™

and Data Acguisition

enst05-SGDC - group_avg_soc
Data type Numeric
Start 78.90%
Minimum 78.30% @ 2012/07/19 07:51
Maximum 80.50% @ 2012/07/19 12:59
Average 79.00%
Sum 677,706.50%
Count 8579

20-Jul, OC lj&lu\,‘ 00:00 19-Jul, 12:00 Z']fju\,‘ oc
enst05-Meta Data - mid_max_battery_temp enst05-Meta Data - mid_max_inverter_temp
Data type Numeric Data type Numeric
Start 18.94C Start 44.11C
Minimum 18.84C @ 2012/07/19 08:22 Minimum 44.00C @ 2012/07/19 00:17
Maximum 19.91C @ 2012/07/19 14:59 Maximum 45.33C @ 2012/07/19 12:51
Average 19.18C Average 44.50C
Sum 1,644,524.90C Sum 3,815,318.67C
Count 85736 Count 85736
45.25
45.00
44.75
v
4450
44.25
44.00
20-Jul, 0C 19-Jul, 00:00 19-Jul, 12:00 20-Jul, OC 19-Jul, 00:00 19-Jul, 12:00 20-Jul, OC

© 2011 AES Energy Storage, All rights reserved.




Detailed Daily KPI Report (‘AES

Energy Storage

Availability
Factor (%)

Planned Outage Market Energy
RECECH) Capture (%)  Cost ($)

Energy Losses

Period (MWh)

Unplanned Outage Rate (%) Gross Revenue ($) Energy Throughput (MWh/yr/MW) C-rate

oizorsr oo oo bov oo laaw osass s bwwo i
oizoros oo oo bov oo lseam aose  lwsoo  hossor oz
oizorii oo oo bov oo lseers lowses oo fermm o
oizoria oo oo boo oo lmser ez losoo  fmas o

2012-04-15 110000 0.00 0.00 100.00 -435.81  |7964.48 -19.00 810.56 0.19
Grand Sum -7654.98  [143749.96 -276.00 10979.65
Grand Avg 99.4 |0.60 |0.00 |100.00 -510.33 9583.33 -18.40 731.98 0.17 ‘
MW-hr available (MW-hr) 11451.00
Energy Cost Per MW-hr Reg ($) -0.67
Energy Cost Per MWh ($) 27.74
Aux+Losses per MW-hr Reg (MWh) -24.10
Avg Hourly Reg Revenue ($) 12.55
Margin (%) 94.67
13
Confidential and Private © 2011 AES Energy Storage, All rights reserved.



USA EXxperience



Tait: 40 MW of Frequency regulation reserves (‘AES

serving PJM Interconnection markets

Frequency Regulation

COD: Sep-2013
Size: 40 MW
Revenue Model: Freq Reg. ($/MW-Hr)

Equivalent Availability: 97%

we are the |-r|4~rg_y'

Frequency Regulation resources
Operating range of +20MW to -20MW
Precise response to 4 second AGC
800,000 Battery Cells

Location: Ohio, USA




Adding System Reliability with Wind 9 AEs

Serving PJM Interconnection — worlds largest power market

98 MW Laurel Mountain Wind Farm
with 64 MW Storage Resource
West Virginia, USA

T

AES has more than 200 MW..of. T l\

advanced energy storage in
construction and operation, and has
served more than 1.9 million MW-hours
of service in operation to customers.

e



Experience with renewable integration services, including GAES
simultaneous ramp rate control and frequency regulation e theenera

SCADA

Control algorithm directs the storage
device using Wind Energy generation

and PJM Frequency Telemetry as inputs
Wind Energy w/ Ramp Control
et sy
. ~ ; ’4-“- ." ‘A,' ’ L
: DA N Combined Output
|- W T 2amey

Frequency Regulation > \r v
M Project
Revenue Meter

PJM sends Frequency
Regulation Signal to Storage
Device

© 2013 The AES Corporation All Rights Reserved 17
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IP: Multiple applications and markets have driven development of ! i ﬁmEméw
AES proprietary sOS™ (storage operating system) — proven,

platform’.

=laix ",
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US Patent #12248106:

Frequency Responsive Charge Sustaining
Control Of Electrical Storage Systems For
Ancillary Services Of An Electrical Power

Grid.

* First patent awarded Sept 2010

« 10 patents in progress

« sOS™ developed to /A
implement/protect IP M

« Charge Sustaining patent and T M / Il \ { o
others implemented in sSOS™ and u‘ f \“\v / \A “ {
integrated with ES controls W\ m \\ \ AT

|

+ Controls are abstracted from | \Vn m/\/ \/ w ! &

technology . W \/ ,

Time 17:15[@ 17:300 17:450 18:007 18:15[ 18:300 18:450 19:007 19:15[ 19:300 19:450 20:007 20:15[ 20:300 20:450

——MDUMDispatchgkW)& ——ISO@ispatchdkW)& - StateDfTharged%)d 19
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AES Advancion™
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o Advancion™ 4th Generation Grid Storage from AES (‘AES

ADVANCION IS BUILT ON FIVE YEARS OF REAL WORLD EXPERIENCE

AES Grid Storage Fleet Service Record 2009-2013
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(9 AES

Battery Integration Center hosted by IPL

ADVANCION DEPLOYMENTS CHOOSE STORAGE ABOUT CONTACT

C9AES

Energy Storage

B /\CS Reveals Battery Integration'Center
Ad\/amC‘On A technology hub that connects advanced battery and power control

technologies from a range of suppliers into AES Advancion.

© 2013 The AES Corporation All Rights Reserved 22




Through our Suppliers Certification Program, Advancion AES
customers will always have access to the best technolog e are the aneray

—————————————————————————————————————————

A0

SYSTEMS

We pick technology
suppliers amongst a
robust global
supply chain of

LG Chem

leading companies E (‘AES i
to meet unique i
J

customer needs.

we are the energy
BLACK&VEATCH ‘\I' '

2 Mitsubishi Corporation

‘_--------------_~N

—————————————————————————————————————————




A Advancion™ 4th Generation Grid Storage from AES

€9 AEs

we are the energy

AES PATENTED SOFTWARE AND HARDWARE CONTROL PLATFORM
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How power systems ensure grid reliability

€9 AEsS

we are the energy

Grid operators (ISOs) deploy Ancillary Services for grid stability

1. Governor Response: Automatic unit
response to frequency fluctuations on
the grid.

2. Regulation: Use of on-line generation
or storage through Automatic
Generation Control (AGC), to correct
for the unintended fluctuations in
generation and load.

3. Spinning Reserve: Power sources
synchronized to the grid, that can reach
full output within 15 min.

4. Supplemental Reserve: Power
sources online or offline that can be
available in between 15 minutes and 2
hours.

5. Voltage Control: Control of reactive
power to maintain acceptable voltages
throughout the power system under
normal and contingency conditions.

Load and Load Following (MW)

4200

+ 150
Total Load and
4000 4 Load Following

- 120

—

3800 - T 90

T 60

3600 + Regulation

30

i b L il
vp f MR W

3000 T T -60
7:00 AM 8:00 AM 9:00 AM 10:00 AM

Regulation (MW)

— | 0ad = | 0ad Following === Regulation

Ancillary services provide the resources the
system operator requires to reliably maintain

the instantaneous and continuous balance
between generation and load.

© 2013 The AES Corporation All Rights Reserved 25



On Development



AES Brings Storage Offering to California (‘AES
Planned 300 MW site in Southern California — Targeting 2018 COD | weare e energy

Project Description:
300 MW Interconnection (rendered) e 6x50 MW advanced battery array
» Provides local capacity reliability
* 4 hour duration
» 24X7 power resource
* No emission or water
i - Tolling PPA

600 MW of flexibility (discharge + charge)




AES Brings Storage Offering to Northern Ireland “AES
Planned 100 MW Project at AES Kilroot — Targeting 2015 COD we are the energy

Project Description:

» 4x25 advanced battery array
« 24X/ power resource

« No emission or water

« Utilizes Kilroot transmission.
» Ancillary services to SONI

§

Project Status:

v__Initial planning review

v' Feasibility design complete

v"_Connection application
submitted

v' Commercial proposal under

review with SONI




O Advancion™ 4th Generation Grid Storage from AES (‘AES

we are the energy

TWICE THE RESOURCE

Advancion serves as:generation and load, marking a turning point in grid flexibility by giving you
more than twice the flexibility compared to a gas peaker plant on the same interconnection

="

& ﬁ PLANT 1

ADVANCION

DISCHARGING

1 FLEX D), ——

CHARGING

PLANT 2

S
1 > 2
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