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Presentation Topics

* Revistt traditional and other methods used by grid operators and electric
utilities to monitor system mertia.

* Explam how time-synchronized measurements, along with Reactive’s
unique grid mjection signal, can be used to monitor actual mertia levels
more accurately than other techniques that are currently m use.

* Demonstrate how Real-Time System Operations personnel can use
Reactive’s GridMetrix technology to manage risk and identity potential
stability iIssues before they occur.

* Describe the operator traming challenges and opportunities associated
with mtegrating such technology mto the control room environment.
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Traditional Methods for Monitoring Inertia

Until recently, grid operators and electric utihties relied on planning studies to determme the
amount synchronous generation that must remam onhne to mamtam BES reliabilty.

Inertia 2008-2019

Inertia reducing due to 350
change in generation mix

* Minimum 140 GVA.s to
manage largest generator
loss, increases for high
Interconnector transfers
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- Source: National Grid ESO System Inertia Monitoring Webinar — June 2021
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Modulator

Send small signals through the Grid and
extrapolate meaning gives unique
insight

National Grid June 2021 Presentation

eXtensible
Measurement Units
(XMU)

Wide area monitoring, improved
measurement and visibility

Customer’s
control centre

Grid Metrix Cloud

gridmetrix’

Software/infrastructure as a service:
Analytics to translate measurements into valuable datapoints
for Grid operation improvements
Cloud platform allows for scalability and additional
applications to be built from same infrastructure

nationalgrid
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Inertia Estimation and Inertia Measurement

Continuous Transmission Distribution ISR Accurate Better

Method . . . Power RoCoF accuracy at

results Inertia inertia

Measurement Measurement lower inertia?

1 Sum inertia

constant on

monitored \/ \/ X N/A X
synchronous

generators

2 Estimation
from large
frequency x \/ \/ X X X

Based on excursions

the Swing 3 Estimation

equation 3 from small \/ \/ \/ [V X )’e

frequency
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Ssys df.
2( SYS

) 4 Active power

ir.1ject.ion; .real- \/ \/ \/ \/ \/ \/

dt

time Inertia
measurement

REI.IABII.I'I'Y Total Reliability Solutions LLC — Public Documentation



‘o_o® :
® rezctive 4 I . _
techrologies ety 188 QT . JRh i

in partnzrstip with

s
Lt i L
..|:i'_-!!-|"-

w1

e '.:‘.-

"
ekl Ty |



http://www.reactive-technologies.com/

Overall Reactive Architecture
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GridMetrix® Cloud

Encrypted data streamed via
strictly-controlled, internet
connectivity

Analytics Services
All Grid-related calculations done through
cloud-based micro-services

Analog signals

Proprietary encrypted

web service )
Flat files for

=====p Customer-
owned analytics

Configuration API

.- gridmetrix®

Ul

On modern web browser

Flat file/API data transfer
Ul API
|IEEE C37.118.2 Protocol

Customer-controlled zone
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Power system
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PMU PMU PMU

PDC

* PMU Data
* Powerflows

PMU to
GridMetrix
Translation

Total Generation
Total Demand
SCADA-based Inertia
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Customer databases

(EMS/SCADA, High-speed monitoring)



XMUs supplement PMU measurements rather than replace them

XMU PMU

* ‘Grid edge’ measurement * Transmission-level measurement

* Single-phase at 110/220V e 3-phase at >132 kV typically
* Frequency, Voltage, Voltage-angle * Frequency, Voltage, Voltage-angle,

* More data points -> more insight

Firmware can be changed remotely

Functionality can change per application * PMUs boast a lot of functionality, but
* This is dependent on its configuration, i.e.

Quicker installation for piloting * M class or P class depending on application
Cheaper telecommunications link * |nternal telecommunications connection

Scalable to big-data due to cloud-computing and * Quicker installation for piloting
infrastructure * Expensive telecommunications link

Lower CAPEX investment Installation
Maintenance part of the service Maintenance *

Good data without the hassle Upgrade C L I —
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Inertia Measurement User Interface

+ss-gridmetrix’ INERTIA MONITORING

($) INERTIA MONITORING

l ® 1395 MW

FREQUENCY MONITORING

EVENT ANALYSIS . 27 9000 MWS

INERTIA SCHEDULING
DATA EXPORT

COMTRADE

Secured Loss Forecast —day ahead
Secured Loss Forecast - intraday

Secured Loss

CONTACT US
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Inertia Forecast —day ahead
Inertia Forecast - intraday

—_— Inertia

TOTAL
RELIABILITY

S O L UT O N S

Total Reliability Solutions LLC — Public Documentation



Operator Training Challenges

* Ensure electric mdustry tramers meet the knowledge requirements to
providing traming.

* Define the trammg needs of System Operations personnel based on
assigned roles and responsibilities and expected use ofthe technology.

* Identify the skills and knowledge that System Operations personnel must
have to gam the fullbenefit of the technology.

* Design traming courses that engage learners and keep ther attention
throughout.

* Implement trammg m an iterative fashion to deepen knowledge and
address changes to required skills/knowledge as the technology evolves.
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Meeting Underlying Knowledge Requirements

When electric mdustry
tramers are asked to
provide trammg on a new
subject, they must
perform the research
necessary to become
knowledgeable on the
topic and capable of
answermg questions that
the learners may have.
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Changes in System Inertia
Changes in System Inertia Advisory Group

2021

Essential Reliability Services
Whitepaper on Sufficiency Guidelines

December 2016

RE

L iNREL

Inertia and the Power Grid:
A Guide Without the Spin

Paul Denholm,’ Trieu Mai,! Rick Wallace Kenyon,?
Ben Kroposki,' and Mark O'Malley’
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Defining Training Needs of System Ops Personnel

We must define the traming needs of System Ops personnel based on therr
assigned roles and responsibilitics and expected use of the technology.

Where we fit in the system
RC System 2

Operator

Maintaining

BA System Wide-Area View Trans System
Operator Operator

Balancing Load- N Ensuring
Gen.-load-Int. in 4 Distribution % Acceptable System
the BA Area Operator Performance

Operating
Electrical Delivery
Facilities

Electricity System Operator
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ldentifying Skills & Knowledge

Trammg courses should be designed to provide learners with the skills and
knowledge required gam the full benefit of the new technology.

* How are critical systems/tools designed to operate?

* How are learners expected to use the functionality and attributes of the
critical systems/tools?

* Which Operating Plans, Procedures and/or Processes willbe m place to
provide mstruction and guidance m the use ofthe critical systems/tools?

 Have operationaluse cases been developed to define how users are
expected to mteract with critical systems/tools and access the data and
mfo needed to identify and address abnormal conditions or unacceptable
system performance?
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Designing Engaging Training Courses

How can trammg courses be designed to engage the learners and keep
therr attention throughout?

Simulated Scenarios — Instruct learners to perform
operational tasks with systems/tools and debrief to
highlight value add.

Interactive Exercises — Allow learners to interact directly with the new
systems/tools, instructor and each other (if possible).

Technical Content — Review electrical theory and fundamental concepts as needed to
understand new technology.
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Deliver Training in Iterative Fashion

Implement trammg m an iterative fashion to deepen knowledge and
address changes to required skills/knowledge as the technology evolves.

System Inertia Monitoring Training Program (Example)

Use of Time-Synched Measures m Real-Time Ops Horizon — Foundational course to provide an mtro to
synchrophasor technology and describe the value it can provide m the control room environment.

Oscillation Detection & System Inertia Monitoring — Additional training on specific topics of interest to
mcrease knowledge and encourage additional mteraction with associated systems/tools.

System Inertia Monttormg — Emer. Ops Response — Series of additional courses delivered over a longer
period to enable learners to contmue building knowledge and mproving skills. Each course may be
based on specific operational scenarios or events where learners must act m accordance with

establishing Operatng Plans, Procedures and/or processes and used to highlight new tunctionality and |
attributes otfassociated systems/tools... |
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Contact Information

<& TOTAL
RELIABILITY

Michael Cassiadoro

Owner, Principal Consultant

360-836-9008 | Comas WA 93607

mcassiadoro@totalreliabilitysolutions.com

reactive

technologies

Chris Kimmett

Chief Operating Officer
chrisk@reactive-technologies.com
+44 (0)7742 930910
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