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Battery Site Overview \\ S et

Partnership with EPRI and the University of Kentucky.

LG&E and KU Energy operates Kentucky’s first and largest utility-scale energy
storage system—a 1-megawatt, 2-megawatt-hour lithium-ion battery. The
battery is co-located with E.W. Brown Solar, allowing the company to explore
how batteries can improve the inherent intermittency of solar power.
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Map of E. W. Brown \

E. W. Brown contains many different energy systems.




Location of Battery Containers

There are three separate skids for battery systems.
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Increasing Site Storage

Planning for multiple projects to expand the site.

 Alithium-ion battery is
planned for energy skid two.

 Avanadium redox flow battery
is planned to be built on
energy skid three.

 Currently planning for up to
500 MW lithium-ion storage
site adjacent.




$¥IEEE

-
Site Features \\ e

The energy storage site has a modular construction.

* Three testing bays ey T

* 1.2 MVA resistive, inductive, -
capacitive (RLC) load bank i I I

e Grid-connected or islanded o

 High accuracy metering and
data logging

 User-facility-style site

 Operational: Dec. 2016

600 KVAR inductive
SO0 KVAR capacitive
{SKVA load steps)

_ Existing 10MW £ 'W. Brown Universa! Solar Facity
Energy Storage Research and Demaonstration Ste
B i oo Soy - 1MW, 2 MWh Lthium. e Ensrgy Stormpe

B :Fonure Testing Says (Universal foundations in place)
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Inside the Battery \

Open Rack of Battery Modules inside Container 1

* L

4,760 Cells
14 Cells per Module
17 Modules per Rack
10 Racks per Container
2 Containers
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Battery Closely Monitored \ e

Modules heat up as the battery SOC rapidly changes.

2019-10-21 11-05-59 Power: 76 KW | SOC: 4% | Mode: Idle Ambient: 21°C
==
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100% Automation in Python \
The battery is managed and operated by Python.

e Python was used to automate
the battery energy storage
system.

 Python scripts are exporting
JSON files, which contain the
specific battery operations.

e The script provides
rudimentary artificial
intelligence.

' !A mdng New'ledmologms
\ ) and Inpovation [!;

Enwrgy Sisrgge Mveares
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Automation Runs 24/7 L i

The automation supports load and solar generation.

 Automation fulfils tasks that would normally require
manual inputs, such as daily charges and nightly
discharges.

 The code enforces set battery limits for state of charge
and temperature.

* The battery can run based on sunrise and sunset times,
allowing it to pair well with solar farm generation.

e Battery health is accounted for by enforcing rest, which
ensures cell voltage balancing.
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Automation Challenges

The battery’s computer has multiple levels of security.

 The most difficult part of automation was getting through multiple
network firewalls, along with the battery's security key.

* Security was overcome by putting the automation inside the
firewalls.

e Other challenges included:

* The battery’s airgap from internet connection
* Math for scheduled charging and discharging
* Allocating time for cell voltage balancing

* Understanding the procedure for automation



Battery Storage Application

Solar Power Smoothing

BESS may be used to smooth the solar output
power variation in order to:

- Improve the delivered power quality.

- Meet grid ramp rate limitations.

- Limit potential frequency deviations.

The BESS is controlled to supply the power
difference between the available solar power and
its computed moving average.
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Battery StOrage Appllcatlon \ e

Frequency Regulation
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 The grid frequency tends to increase when the

generation is in surplus and falls when the load
exceeds the generation.
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may be explored for frequency regulation by S CAD T e
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Frequency Regulation s

The grid’s frequency could be adjusted using batteries.

4+ Power
59.95Hz, 1000kW
60Hz, OkW
Discharging
AOOSHZ, okw
59.995Hz, OkW Frequency

Charging

60.05Hz, -1000kW




Battery
Research
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Battery Parameter Identification \

Modeling utility-scale energy storage systems.

1020k —— Measured ---- Rack

. The study proposed a new charge/discharge cycle for
identifying the equivalent circuit parameters for utility-scale
battery systems using equipment readily available at installation
sites without the need for laboratory setups.

. This type of modeling is used to demonstrate that the

equivalent circuit model for a reference cell, module, or rack of o3 & 9 12 15 18 21 24
a BESS can be scaled to represent the entire battery system Time
provided that the battery management system (BMS) is active 20
and functional. _ 1 e S s
*  Read the study: =
Parameter ldentification for Cells, Modules, Racks, and Battery for £ 4
Utility-Scale Energy Storage Systems & os}
O.M. Akeyo, V. Rallabandi, N. Jewell, A. Patrick, D.M. lonel - IEEE 2 o

Access 8, 215817-215826



https://sparklab.engr.uky.edu/sites/sparklab/files/2020%20Access%20UKspark%20BESS%20Characterization_0.pdf
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Direct Solar to Battery Connection \

DC-DC connections may increase overall efficiency.

FSCAD Time [s]
1251|:| E.U :ﬂh 4::1 E.D 60
- Pnrj
1.00 e S
. The paper discusses a way to simply incorporate a battery into an Einl 7 .
existing solar PV system to store power that would otherwise be o / \
curtailed. . / A
The proposed configuration utilizes a single DC-DC converter i Y 1-;
capable of simultaneously operating as a charge controller and a umq—‘r e
maximum power point tracking device. Time [h]
. With this configuration, the excess power that would otherwise R,
be curtailed due to inverter rating limitations is stored in the 0 @ s 6
battery and supplied to the grid during periods of reduced 128 ' R ol
irradiance. 8 "% o Vel TR
. Read the study: £ 075} L . F
The Design and Analysis of Large Solar PV Farm Configurations With Eﬁ_m
DC-Connected Battery Systems 5,
O.M. Akeyo, V. Rallabandi, N. Jewell, D.M. lonel - IEEE Transactions on Em

Industry Applications 56 (3), 2903-2912
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https://uknowledge.uky.edu/cgi/viewcontent.cgi?article=1005&=&context=peik_facpub&=&sei-redir=1&referer=https%253A%252F%252Fwww.bing.com%252Fsearch%253Fq%253DThe%252BDesign%252Band%252BAnalysis%252Bof%252BLarge%252BSolar%252BPV%252BFarm%252BConfigurations%252BWith%252BDC-Connected%252BBattery%252BSystems%2526src%253DIE-SearchBox%2526FORM%253DIESR3S#search=%22Design%20Analysis%20Large%20Solar%20PV%20Farm%20Configurations%20DC-Connected%20Battery%20Systems%22
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Integrating Battery with Solar \

Models assist in plans to add more battery and solar.

« The paper analyzes the configuration, design and operation of multi-MW grid
connected solar PV systems with practical test cases provided by a 10MW field
development.

* The proposed configuration also incorporates a utility scale battery energy storage
system (BESS) connected to the grid through an independent inverter and benefits of
the experience gained with a 1MW 2MWh BESS large demonstrator.

 Read the study:

Incorporating battery energy storage systems into multi-MW grid connected PV systems

O.M. Akeyo, V. Rallabandi, N. Jewell, D.M. lonel - IEEE Transactions on Industry Applications
55 (1), 638-647



https://uknowledge.uky.edu/cgi/viewcontent.cgi?article=1025&=&context=peik_facpub&=&sei-redir=1&referer=https%253A%252F%252Fwww.bing.com%252Fsearch%253Fq%253DIncorporating%252Bbattery%252Benergy%252Bstorage%252Bsystems%252Binto%252Bmulti-MW%252Bgrid%252Bconnected%252BPV%252Bsystems%2526src%253DIE-SearchBox%2526FORM%253DIESR3S#search=%22Incorporating%20battery%20energy%20storage%20systems%20into%20multi-MW%20grid%20connected%20PV%20systems%22

PSCAD Model for the PV System

« 1I0MW PV array with series and parallel strings.

« Two 2-winding transformers (Y-A) and four 3-
winding transformers (YY-A); all transformers are
ungrounded.
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PSCAD Model for BESS

« A two-level three-phase
DC-AC converter, which is
capable of operation in
the charging and
discharging modes is
employed for the grid
interconnection of the
battery bank.

« A decoupled scheme
allowing the independent
control of real and
reactive powers is
employed.
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Battery Publications 2

8 Published Academic Research Papers

. Parameter Identification for Cells, Modules, Racks, and Battery for Utility-Scale Energy Storage Systems
0.M. Akeyo, V. Rallabandi, N. Jewell, A. Patrick, D.M. lonel - IEEE Access 8, 215817-215826

. The Design and Analysis of Large Solar PV Farm Configurations With DC-Connected Battery Systems
0.M. Akeyo, V. Rallabandi, N. Jewell, D.M. lonel - IEEE Transactions on Industry Applications 56 (3), 2903-2912

. On the Control of a Solid State Transformer for Multi-MW Utility-Scale PV-Battery Systems
0.M. Akeyo, Y. Zhang, J. He, D.M. lonel - 2019 IEEE Energy Conversion Congress and Exposition (ECCE), 6481-6486

. Measurement and estimation of the equivalent circuit parameters for multi-MW battery systems
0.M. Akeyo, V. Rallabandi, N. Jewell, D.M. lonel - 2019 IEEE Energy Conversion Congress and Exposition (ECCE), 2499-2504

. Modeling and simulation of a utility-scale battery energy storage system
0.M. Akeyo, V. Rallabandi, N. Jewell, D.M. lonel - 2019 IEEE Power & Energy Society General Meeting (PESGM), 1-5

. Incorporating battery energy storage systems into multi-MW grid connected PV systems
0.M. Akeyo, V. Rallabandi, N. Jewell, D.M. lonel - IEEE Transactions on Industry Applications 55 (1), 638-647

. Power Utility Tests for Multi-MW High Energy Batteries
0O.M. Akeyo, H. Gong, V. Rallabandi, N. Jewell, D.M. lonel - 2018 7th International Conference on Renewable Energy Research and Applications, 1396-1399

. Improving the capacity factor and stability of multi-MW grid connected PV systems with results from a 1IMW/2MWh battery demonstrator
0.M. Akeyo, V. Rallabandi, N. Jewell, D.M. lonel - 2018 IEEE Energy Conversion Congress and Exposition (ECCE), 2504-2509



https://sparklab.engr.uky.edu/sites/sparklab/files/2020%20Access%20UKspark%20BESS%20Characterization_0.pdf
https://uknowledge.uky.edu/cgi/viewcontent.cgi?article=1005&=&context=peik_facpub&=&sei-redir=1&referer=https%253A%252F%252Fwww.bing.com%252Fsearch%253Fq%253DThe%252BDesign%252Band%252BAnalysis%252Bof%252BLarge%252BSolar%252BPV%252BFarm%252BConfigurations%252BWith%252BDC-Connected%252BBattery%252BSystems%2526src%253DIE-SearchBox%2526FORM%253DIESR3S#search=%22Design%20Analysis%20Large%20Solar%20PV%20Farm%20Configurations%20DC-Connected%20Battery%20Systems%22
https://sparklab.engr.uky.edu/sites/sparklab/files/2019%20ECCE%20UKspark%20BESS%20Characterization_0.pdf
https://sparklab.engr.uky.edu/sites/sparklab/files/2019%20PES%20UKSpark%20BESS%20Aux%20Function.pdf
https://uknowledge.uky.edu/cgi/viewcontent.cgi?article=1025&=&context=peik_facpub&=&sei-redir=1&referer=https%253A%252F%252Fwww.bing.com%252Fsearch%253Fq%253DIncorporating%252Bbattery%252Benergy%252Bstorage%252Bsystems%252Binto%252Bmulti-MW%252Bgrid%252Bconnected%252BPV%252Bsystems%2526src%253DIE-SearchBox%2526FORM%253DIESR3S#search=%22Incorporating%20battery%20energy%20storage%20systems%20into%20multi-MW%20grid%20connected%20PV%20systems%22
https://sparklab.engr.uky.edu/sites/sparklab/files/2018%20ICRERA%20UKSpark%20EPRI%20Utility%20Test.pdf
https://sparklab.engr.uky.edu/sites/sparklab/files/2018%20ECCE%20UKSpark%20PV%20Capacity%20factor_0.pdf
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Special Thanks! \

Thank you to the University of Kentucky and EPRI.

* EPRI Program 94 — Energy Storage

 Danlonel Ph.D., FIEEE, Professor, L. Stanley Pigman Chair in Power;
Director, Power and Energy Institute Kentucky, Electrical and
Computer Engineering.

 Power and Energy Institute of Kentucky (PEIK)

 SPARK Laboratory




Keep up with
us online at:



https://lge-ku.com/research

