x\\ III'. | ."Ilrf i

o <" National Centre for
— CESI| — Energy Systems
~ ~. Integration

rs :'f I.'II | II',I\. \

Frequency Response Services
Designed for Energy Storage

David Greenwood?!, Khim Yan Lim?, Haris Patsios!, Padraig
Lyons?, Yun Seng Lim?, Phil Taylor!

INewecastle University, UK

2 University Tunku Abdul Rahman, Malay31a
EPSRC |

Engineering and Physical Sciences
Recaarch Council

2= Newcastle
+ University




b \\ III'. | .':Iff Fi
My ~_ National Centre for
— CESI| — Energy Systems

Overview 7

 What is frequency response, and why do we
need ite Why should we use Energy Storage®e

 What is Enhanced Frequency Response (EFR)
« Analysis of historical frequency data

* Experiment 1: Response to historical frequency
data

* Experiment 2: Response 1o simulated
frequency events

« Conclusions
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Frequency variation is a result of
power mismatches between
supply and demand

Frequency varies continuously,
but sudden mismatches (often
caused by disconnections) can
create sudden large deviations
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in the furnace

Stored Kinetic
Energy

« Kinetic Energy stored in the rotating
masses; this is the system inerfia

« Energy is fransferred to or from the
rotating mass to instantaneously
balance supply and demand,
causing changes in frequency

« But we anficipate future power
systems having less inertia...
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What is Frequency

Responsee

EPSRC

When the frequency starts to
change, the system operator
acts quickly to restore it to its
nominal value

Primary frequency response
providers will supply or absorb
real power within 10s

Secondary frequency response
providers will supply or absorb
real power within 30s

But will this be quick enough in
a low inertia system with
unpredictable demand and
generation?
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Why Energy Storage? . ™™

Benefits Challenges
» Energy Storage can * Energy Storage needs
pro\/ide a power to manage 1S STQTe of
response much faster chqug%l’ro remain
than conventional OV.O'. apie
DOWETr SouUrces * Existing markets are
: designed for
* Primary Response conventional power
requires high power, sources
but only for a few - Energy Storage is not
minutes well defined in the
regulations in Most
countries
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Enhanced Frequency  —c«-fmae
Response (EFR)

\ Deanand

 EFR is a new frequency -
response service in the UK i
. |t is explicitly designed to be _ |
fulfiled by energy storage Zo
systems o B
« Response is required within 1s of —— Upper o
a frequency deviation ——FReference |1 | 4
« Suppliers must be able to 2 = N
deliver rated power for 15 mins w4 e 49-8Freque5lfw (H;‘” 04 08
« Envelope allows state of .
charge adjustment while Service Deadband
frequency is within the 1 (wide) 50+0.05 Hz
deadband cl to 50H
SOCband Close 1o vz 2 (narrow) 500.015 Hz
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Analysis of historical
frequency data
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Data Description o

25

« National Grid have made
frequency data available at 1s
resolution for 2014-15
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« Results presented use 0.075
upper/lower deadband values
of 50.05 and 49.95 Hz
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Data Analysis: Results 7™
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Data Analysis: Results 7™

Cumulative Distribution of Event Durations
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Experimental Set-Up
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Lab Overview s

AC/AC Converter RT Controller University Network

AC/DC Converter

415 V AC Microgrid T

£
b <

i

AC/AC Converter Key -
<€ -> Data

o B2

3 Phase AC Power

| | DC Power

Real-Time Network Simulator

Battery Emulator
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Control Implementation .- "

 Low-level control built in to
DC/AC Converter

« High level control
Implemented on real-fime
target PC

« Controller:
« calculates set-point
» checks ramp-rate limitations
« manages State of Charge
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Experiment 1: Response to
historical frequency dato
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« Historical frequency data was reproduced on
the laboratory LV network

* The ESS responded according to the EFR

response curve, and managed its state of
charge between responses.
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Experiment 1: Results
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Experiment 2: Response to
simulated frequency events
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Experiment 2: Aims and sefup = cesi = s s
N

 The IEEE 24-bus test network was simulated in the OPAL-RT

* Frequency events were created in the simulation, resulting
INn frequency changes on the laboratory network

* The ESS responded 1o the frequency change; the resulting
power signal was measured and fed back into the
simulated network

* The ESS response was scaled up, representing different ESS
penetration levels

ES Emulator DC/AC Converter AC/AC ConverterHARDWARE
Laboratory
Network
H
Vil IIT Frequency, fmeail Power, Pregs{ | 4 Voltage, v,AC Mains
Current, | .T Power, P TFrequency,f
E PS RC Li-lon Battery Model EFR Response Curve s ko I

Engineering and Physic nces OPAL-RT SOFTWARE
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Conclusions 7

» Less predictable generation and lower system inertia
necessitate a new approach to frequency regulation

« Enhance Frequency Response (EFR) is a sub-second
frequency service designed for energy storage systems

« We have demonstrated that the EFR requirements can
be fulfilled

« Some aspects of the service could be redesigned to
make better use of the ESS

« EFR will be more effective in conjunction with
conventional, less costly frequency response providers
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Thanks for your attention, |
will now take any questions
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