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Introduction Challenges
* Renewable Energy Developments:  Integration, interconnection, and operational issues
+ At the forefront of the emerging “energy economy,” related to many renewable energy resources:
+ 30 of 50 states with RPS targets * Intermittency,
+ Targets as high as 20 to 33% of total generation * Power quality,

capacity in some states by the year 2020. - Voltage stability

» High Penetration Level Implications of Renewable - System reliability,
Energy Generation:

» Technical challenges related to electrical grid
interconnection and integration

* Market regulation issues

- Low capacity factors, e.g.: » Transmission infrastructure and conversion,

*  Wind (<25%), Solar (inherently diurnal) * Energy management, unit commitment, dispatching.

* Location and siting,
» Standardization and testing,
* Low capacity and utilization factors,
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» SmartGrid Concepts « Technology, Infrastructure, R&D, Policy, Workforce, and Education
« Control, automation, communication protection Integration of renewable energy resources such as wind, wave, solar,
L DR ] 7 biomass, and geothermal -- going Green (and Blue and Yellow);
metering, monitoring, etc. for advanced real-time
operability and increased efficiency

Expansion and enhanced reliability of the electric transmission grid;

Development of SmartGrid systems and Energy Storage technologies;
Advancement of the nuclear and clean-coal technologies;

Effects of government policy and other market drivers;

Evolution of energy efficiency and plug-in electric vehicles;

* Policy and Markets

* Proactively addressing challenges and issues to
enable a higher and more reliable penetration level
of ‘competitive’ renewable resources

Impacts of climate change and carbon capture & sequestration;

Need for workforce development, training, and education
To name just a few!!

» Electric Power Infrastructure and Technologies

» Grid expansion, power electronics (FACTS, HVDC) » How we meet these challenges in the decades ahead will
- Energy Storage Technologies have imperative societal, environmental, economic, and

global implications; and will set the course for the
sustainability of future generations.

Smart Grid Advantages Renewable Energy Penetration

» SmartGrid Definition and Advantages

* Realizing and electric power system that utilizes
advanced communication, controls, automation,
computing, and components to create a system that
is:

Self-Healing and Adaptive

Allows for interaction between consumers and electrical
markets

Optimized to make best use of resources and equipment.
Predictive rather than reactive, to prevent emergencies
Distributed across geographical and organizational e
boundaries Soncenang __'
Integrated, merging monitoring, control, protection, Photovoltaics
maintenance, EMS, DMS, marketing, and IT

More Secure from attack

Hydropower
Geothermal BEEEEEE
Biomass [N
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Energy Storage Value Proposition

+ Criticality of Energy Storage for Renewable Growth

* Perhaps the most important area of technology
advancement in addressing many of the listed
challenges and issues is the application of
advanced energy storage systems.

* Why Storage? and Why Now?
* Penetration levels are reaching stability impact
» Low capacity (<25%) AND utilization factors (<50%)
= Can not afford to keep building to peak demand
and ‘backing up” renewables with base load
» Storage technologies are maturing in capability,
durability, performance, and cost

Energy Storage Value Proposition

» DOE FOA on SmartGrids — April 16, 2009

* “To reap the full benefits of Smart Grid technologies,
advancements in utility-scale energy storage are needed. Electric
grid operators can utilize electricity storage devices to manage
the amount of power required to supply customers at times when
need is greatest, which is during peak load. Electricity storage
devices can also help make renewable energy resources, whose
power output cannot be controlled by grid operators, more
manageable. They can also balance micro-grids to achieve a good
match between generation and load. Storage devices can provide
frequency regulation to maintain the balance between the
network's load and power generated, and they can achieve a more
reliable power supply for high tech industrial facilities.

Projects to demonstrate energy storage technologies include
battery storage for utility load shifting, wind farm diurnal
operations, ramping control, frequency regulation services,
distributed energy storage, compressed air energy storage, and
development of promising energy storage technologies.”

Energy Storage Value Proposition

« Energy Storage is a “Disruptive Technology”

» ltis an ‘innovation’, that if developed to it’s full
potential will improve electricity and energy markets
in unexpected ways, and change the way the electric
power and energy industries do business, integrate
technologies and resources, etc.

+ Energy Storage is a “Game Changer”
 Electricity is unique in that unlike other commodities
and forms of energy, it can not be stored naturally
» Support Technology

» Utilize storage in support of and in combination with
other advanced technologies to alleviate and help
mitigate operational issues on the grid

Energy Storage Technologies

» Energy Storage Technology Options
+ Pumped Hydro
+ Compressed Air Energy Storage (CAES)
+ High Temperature Batteries
« Sodium Sulfur (NaS)
+ Sodium Nickel Chloride
* Nickel Cadmium
* Nickel Metal Hydride
* Lead Acid
* Flow Batteries
+ Vanadium Redox
« Zinc Bromine
+ Zinc Flow
* Lithium lon
+ Flywheels
+ Supercapacitors
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« Energy Storage Capacity Classifications — ' 78D Grid Support ’ T
- Various forms of storage technologies allow a Eowengually cead
range of applications based on capacity and time
duration capabilities

Hours

Flow Batteries: Zn-Cl Zn-Air Zn-Br
VRB PSB  New Chemistries
Nas Battery
Advanced Lead-Acid Battery

* Pumped Hydro
» Typically > 200 MW, providing ‘days’ of storage

High-Energy
Supercapacitors NaNiCl, Battery

Li-lon Battery
Lead-Acid Battery

+ Compressed Air Energy Storage
* 50 — 500 MW, based on blended air/gas generation

High-Power Flywheels

Discharge Time at Rated Power
Minutes

Seconds

+ Distributed Storage Systems
: ge Syste TT—
* Hi Temperature Batteries — up to 50 MW
1 kW 10 kW 100 kW 1MW 10 MW 100 MW 1 GW

* Flywheels / Lithium lon — up to 20 MW System Power Ratings, Module Size

Global Installed Energy Storage Capacity Comparison of Energy Storage Technologies

B s j ) Storage Matarity Power Capacity | % Efficiency | Total Cost Sell- Response
Worldwide installed storage capacity for electrical energy Technolog; L MW) (MWh) (total cycles) (S/KW) i Time
Compressed Air Energy Storage Lead-Acid | Commercial 50 300 8590 (2200) | 3100-3300 Low ms
Pumped Hydro © “omw Na$ Commercial 1 72 75(4500) | 3200-4000 - o
7076
© Sodium-Sulfur Battery Zn/Br Flow Demo 1 5 (20003000) | 16702015 = ms
316 MW — 8792 ]
Li-ion Demo 1-100 02525 100000 | 10851550 Med ms
° Ligd&%ld Battery V’:;‘:‘;::“‘ D 1 4 (;gggm 3000-3310 Low ms
Pumped 50-82 ot v
127,000 MW, . Nickel-Cadmium Battery Hydro Mature 250-530 1680-5300 | 13000 | 25004300 | Negligible min
W CAES Commercial 135 1080 60-70 1000 = sec
° Flywheels
<25 MW
o Lithium-lon Battery
~20 MW
» Redox-Flow Battery
Source: Fraunhofer Institute, EPRI <3 MW
We are just beginning......... R&D, demonstration,

testing, and standardization are critical for success
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* Renewable Energy Integration

« Support the stochastic/intermittent output of renewable
generation, and to ‘shift’ energy so that is available when needed.

* Frequency Regulation
« Absorb or supply power as load and generation changes.
« Arbitrage

« ‘Charge’ energy storage systems when price of electricity is low
and ‘Discharge’ when price of electricity is high.

Wind Power
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Energy Storage Applications
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» Generation (1)

* Governor Response — dynamic response to
frequency (seconds to several minutes duration
with sub-second response times), needs r&d to
determine value in renewable markets

* Regulation — power output adjustment to match
load and regulate frequency sec. by sec. (15-30
min. duration with rapid response <10 sec.),
benefits ancillary markets and merchant storage

» Real-time Dispatch / Energy Balance — economic
production scheduling, market based min. by min.
(1 hour or more duration with real-time efficiency),
benefits merchant storage

Energy Storage Applications
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» Capital Investment Deferral
« Temporary or permanent use of BESS to alleviate congestion in
transmission and distribution networks and prevent overloading
of equipment.
» Peak Shaving and Load Leveling
« Peak shaving removes the daily peak in the demand curve.
« Load leveling attempts to completely flatten the load.

* Emergency Backup Power, Spinning Reserve, and
Supplemental Reserve

« Batteries which are not
discharged can serve as
replacement for traditional
generators for all the above
listed scenarios.
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Peak Shaving Load Leveling

Energy Storage Applications

* Generation (2)

* Reserve Augmentation — conventional generation
for spinning/operating reserve and back-up (15-30
minutes duration with ability to remain ‘charged’),
needs r&d to determine value in market

+ Others:

* Intra-day Production Shifting / Day-time, Weekly,
and Seasonal Production Levelizing
- store renewables from peak production for use
at peak load hours to levelize load profiles (6-12
hours through months in duration), short-
duration economic benefits need more studies /
longer duration is typical hydro function
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» Transmission and Distribution (1) » Transmission and Distribution (2)
+ Transmission Capacity Factor and Transmission * Reliability Enhancement — provide supply during
Congestion Relief — capture renewable production outage restoration (typically hours in duration),
and deliver when transmission capacity is available mitigate / avoid grid interruptions and down time

(6-12 hours duration), economic and location/siting

A . » Substation Capital Deferral — defer transformer and
issue today for many wind developers

other equipment upgrades from capacity peak load

* Transmission Reliability Limit Relaxation — growth (hours in duration), economics / planning
specialized case of above on ‘very fast’ storage benefits, also links to loading issues with respect
(seconds to 15-min. duration), requires back-up to DG penetration

with quick-start reserve

+ Voltage Support — localized real power delivered at
high power factor (varies with application — steady
state and dynamic needs), higher load factors

Energy Storage Applications Energy Storage Applications

* End-User (1) + End-User (2)
+ Distributed Generation — capture renewable DG * Demand Response Integration — similar to demand
prod. and deliver to reduce grid consumption response that is ‘replaced’ and makes demand
(hours in duration), equal to local DG peak prod. response participation more attractive (minutes to

- Time-Shifting of Demand — avoid high real-time hours), commercially being investigated

prices at peak times (hours in duration), needs » Transportation / Railroad Acceleration Support —
more investigation, economic benefits system loss reduction, voltage improvement

« Reliability Enhancement — avoid power (minutes to hours), needs more investigation

interruptions (minutes to hours), linked to demand
response and back-up generation

* PHEV Integration — reduce charging costs at off-
peak (hours in duration), cost / utilization benefits




Energy Storage Benefits
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Short Term Benefits

Service Market
NEV, Benefits Benefits
$/kW
namic VAR support
Improved Service Reliability
2. (siie degendent)
Firming & Shifting Renewables
1000 + : Energy Arbi
Frequency Regulation and
other Ancillary Values
(1arge variability)
&R Distribution Capital Deferral )
(site dependent) Generation
Capacity
values are based on studies made for an AEP site
Sibrage can -B.gngf-\l buth bus@qmers aqd Ummes
Source: Utility Univ., DistribuTech 2009 25

Grid Scale Interconnections

* Power Conversion Systems

+ Advancements in the past 10 years in the power
electronics technologies have enabled greater use
of distributed energy storage

« Greater capacities (higher kWh ratings)

* Higher reliability

* Modular / redundant designs (VSC-based systems)
* Improved component and material implementations
* Lower costs

» Outdoor packaging

+ Ease of installation and maintenance

Energy Storage Benefits
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Long Term Benefits

e _—

Short -Term ﬂrade More Time for Service

Deferral Restoration

~Improved Service -
Reliability
Ancillary Enhance DG
Penetration

Long -Term
Improved
System Control ~ Services

Base Loading Displacing
Assets Peak Energy Costs with

off-peak Costs

Other Benefits: Load Leveling, Emission Reductions

Source: Utility Univ., DistribuTech 2009

Grid Scale Interconnections

* Wind Example with Power Electronics Control / Comp.
- FACTS for voltage control, stability, other applications

- HVDC for power flow control, intertie reliability,
off-shore and on-shore interconnections

MULTI-MODE WINDFARM CONTROL SYSTEM

GRID
30KV TO 230KV
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+ Solar Example with DC Converter Intertie
- Improving DC Conversion Technologies for Grid Tie

- Consideration of DC Power Distribution Systems

Trnsfommer
125 kVA
60Hz

WYEWYE
8%, Fif

emc Hewrse une
e Protection  Invarter Flter
Diodo Bndge

To Grid

L2 980V
WYE

80Hz

Control Power
Transtormer

Thank You
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Summary

* Energy Storage is Critical to Renewable Growth

+ Energy Storage Technologies are Maturing in All
Aspects (capability, performance, cost)

» Grid Interconnection and Power Electronics
Technologies are a Key Component to Successful
Energy Storage Applications

» Benefits of Energy Storage are Realized by:
» Generation Sector (Renewable Energy Suppliers)
* Transmission & Distribution Sector (Utilities)
* End-Use Sectors (Customers - Res., Comm., Ind., & Transp.)

» All Market Participants

Supplemental Information:
Applications of Battery-Based Energy Storage
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East and West Berlin

East and West Germany 33

Golden Valley Electrical Assoc. Battery
Energy Storage System

O Located near Fairbanks, AL

O A majority of Alaska's population lives
within the Railbelt region around anchorage
and Fairbanks.

O The Railbelt is an electrically
interconnected region served by six e
interconnected utilities. e

O The Railbelt is an isolated system with
relatively small capacity.

= Virtual Island
= Vulnerable to shifts in generation or
load.

s s

fones
Guir oF Ataska

Alaska Railbelt

BEWAG Battery Facility (Cont)

Power & Energy Initiative

O Utilized to maintain sufficient power reserve to 30K Steglitz 61,8
allow for lead-frequency control and provide
spinning reserve.

Q Test facility was built and operated from 1981
to 1986, which was converted into a full scale
facility which began operation in 1987.

0 Power rating of 8.5 MW for 60 minutes or 17
MW for 20 minutes

0 7,080 1000 A-h flooded lead-acid cells
arranged in 12 strings of 590 cells each.

= Nominal operating voltage of 1180 V¢

0 2-8.5 MW line-commutated, 12-pulse,
thyristor-based inverters, with 4-quadrant
operation.

f T
12 Strings, 590 Cells each
One Line BEWAG Battery Facility

GVEA BESS (Cont)

Q 27 MW for 15 min — 46 MW for 5 min; 4 strings of NiCd batteries
Q In first year the batteries were used 55 times.

O Over those 55 discharges the BESS prevented 289,000 customer
disconnections, while reducing outages by 80%

O Total project cost $35 million, $4 million of which for local construction

Baterios Fitor Giculte Gonverter Converter 1384 G
Transtormers

m it
T T T

]
:
T T

GVEA BESS One-Line




Tehachapi Storage Project
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Q Tehachapi Wind Farm
= California’s largest wind resource
= Second largest wind park in the world
v ~5,000 wind turbines
v' 660 MW installed wind energy
currently installed
v' ~350 square miles
Q Project Objectives
= Demonstrate the performance of a Li-lon
energy storage system.
= Test and demonstrate smart inverter
technology. it
= Expand expertise in energy storage . ! o
technologies and operations. ! il

A

Tehachapl, cA

Tehachapi Wind Farm

Tehachapi Storage Project (Cont)
Conceptual Layout

BESS Building Layout

2x4.5MVA Inverters
. vith 450VI12 47KV
P
- / Transformers

Conceptual Rendering

Gontrol Equipment
Room with Domain
Controlier

Tehachapi Storage Project (Cont)
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Q Largest grid-connected Li-lon energy storage
system (8 MW — 4 hrs — 32 MWh) coupled
with a Smart Inverter

350 MW

Pwind
—

02 Pt Gt

9IMVAVSC p

4 - Quadrant Operation

Hi 2 o
IR A
b

Voltage Fluctuation
T

s,
T

8 MW for 4 hrs
Li-ion

- s
i |
With BESS , ... «
BESS is ECS + PCS "

One Line Diagram

Tehachapi Storage Project (Cont)
One-Line Diagram
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AEP Distributed Energy Storage System
(Charleston, WV)
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QO Distributed energy storage systems are deployed at the substation level
and below.

QO AEP has installed a 1.2 MW NAS BESS at a substation in Charleston, WV.

O With appropriate controls distributed energy storage systems, are a key
component of smart grids

AEP 1.2 MW NAS BESS at Charleston, WV

AEP Distributed Energy Storage System
(Charleston, WV)

SCADA Attachment Point (fused
port cutouts) on Wood Pale =

AEP Charleston, WV Substation

Non-Repeat NAS Battery
Engineering iy 45%
Support
17"

» System cost of $2,500 / kW

Factory-to-site

°g;:s Cost break down of BESS

PCS & System
Integration

Battery Enclosures
21% 4%

AEP Distributed Energy Storage System
BESS + PCS One Line and Communications
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\ Dispatcher
I 2774480 V.

StepUp 3Phase
Transformer awire
Utility System
PCS System
ac
Breaker

600K DC

Protocol
\
\
\
\
3) Battery
Data

Cellular
Modem N

Paskis

AEP Distributed Energy Storage System
System Operation

O This DESS' main role is to provide peak shaving; reducing overload
conditions on electrical equipment.

Chemical Substation: Transformer Load
Three Worst Days of Summer (7/19, 8/2, and 8/3/2006)
M et e VA Masiniin Losd 21,234 MVA
b (with Baltery) N snsteifiets (without atiery)
20 It

18 4
16

= 1 iy i

g N L

= 12 =LE

= 10 e = 5

2 107 i Lodd 11537 MVA  Minimm Load: 12735 MVA

= (with Battery)

twithout Battery)

Charge: 1.2 MW, * hirs

Discharge: 1.0 MW peak. 8.5 hrs

000 200 400 600 800 1000 1200 1400 1600 18:00 2000 2200 0:00
Time -EST [h]

Example Peak Shaving Operation




Community Energy Storage (Cont)

Community Energy Storage (CES)

O CES is a form of distributed energy storage deployed at a residential or
small commercial level.

Community Community 3! Transformer
Energy Ene rgy
Storage
STATION I | I |
'— ,— '— CES Power 25 KVA /25 kW
[ = [ [ [ ii & Energy 25 kWh
4 —- ﬁ d\' l Voltage 2407120 Vpe
_9 l Battery Technology Li-lon
Round trip efficiency > 85%

O Benefits:
= Local:
v' Backup Power
v Flicker Mitigation
v' Renewable Integration
= Grid:
v Load Leveling at substation
v Power Factor Correction
v Ancillary services
O AEP Demonstration
= Fleet of 80 25-kW Units; Total of 2MW /
2MWh
= Circuit: 13 kV, 6.3 MVA Peak Load, 1742

customers (_% Lo
|1 o e g

= Covering ~20% of customers Morse Rd 5801 Cimu'"




