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We are teeing it up as we want you to get engaged
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Outline

What is G-PST

Pillar 1 & the Research Agenda

A few “shallow dives”

What we have achieved so far

Why you should get involved

How you can get involved




G-PST — a global response to an urgent need
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2. System Operator
Technical
Assistance

Perform cutting edge
applied research to
create novel system
operator solutions and
globally disseminate
and infuse new insights
through peer leamning

Provide implementation
support to scale
established best practice
engineering and
operational solutions
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Inaugural Research
Agenda

https://globalpst.org/wp-content/uploads/042921G-PST-Research-Agenda-Master-Document-FINAL updated.pdf

3. Foundational
Workforce
Development

Adoption Support

4. Localized Technology 5. Open Data

and Tools
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e LIgfunl e development activities

system operator staff

Support rigorous
planning, operational
analysis and enhanced
real-time system
monitoring through open
data and tools
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Characteristics of variable renewable energy resources

Growing rapidly

Spatially disperse
Variable and somewhat
difficult to predict

Inverter Based
Resources (IBR)

Thermal, voltage,
frequency, instability
etc.
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Inaugural Research
Agenda

Research Program Description Numbgr i
Questions
Inverter Design Development of capabilities, services, design methodologies and 10
standards for IBRs.
Tools and Methods New tool_s. an_d methods required to ensure reliability, security, 9
and stability in power systems.
Development of new technologies and approaches for enhanced
Control Room of the : . N
Future real-time visibility and analysis in power system operator control 17
rooms.
: New planning metrics, methods, and tools to capture the
Planning . ) : : 15
characteristics and influence of a changing resource mix.
Black Start Creating new procedures for black starting and restoring a power 1
system with high or 100% IBR penetrations.
Quantifying the technical service requirements required of future
Services power system to maintain the supply-demand balance reliably 7
and at least cost.
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Cost effective reliability of the grid an integrated problem

Cost reliability trade off

Reliability/Technical

Modeling
Towards 100 %‘
Minimization of cost

Energy Source

Single Technologies
and Locations

Electricity
Thermal

Regional, National, <SS N = \ Fuelsn

Continental

Campus, City
Community

Residential Commercial Industry Mobility

Energy Use Sector

slurelisuo)d

Turbine technology

« Aerodynamic control

« Generator control

« Plant control

« Integrated Storage

« Advanced Power Electronics

Plant level

« (Multi-Objective) optimized design and operation

« Improved Self-Accommodation and provision for grid services via
Automatic Generation Control (AGC) including: Wake Steering,
Panel Tilt

« Control, Integrated Storage, H2 generation during high production.

« Control systems integrated at plant level to maximize benefits.

« Combined physical sensing and advanced forecasting to help operate
hybrid plant as "dispatchable” and self-accommodating power.

Hybrids

« Combination of multiple (a) utility-scale renewable energy generation
sources or (b) renewable energy generation and energy storage technologies

+ E.G.Wind, Solar PV, Solar CSP, Hydro, Geothermal, Storage (Battery, Pumped
Hydro, Hydrogen)

« Leverage complementarity of resources and take advantage of unique
technology characteristics.

System level

«“How these technologies fit together”

« Maximize the pace of deployment of
renewable energy systems

t « Maximize the use of interconnection

points within existing transmission
system

« Increase the flexibility and resilience
of our generation system

« Tailor Renewable generation to
location to provide important services
such as baseload/peaker plants etc.
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* On 24/08/2021 severe voltage disturbances .
were observed on the SSEN-T and SPEN S
transmission systems.
» Major disturbance lasted 20-25 seconds on -
two occasions, approx. 30 minutes apart 370
* Investigation of available data suggests: 360
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» The oscillations had a frequency of =8 Hz )
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* We provided short term operational advice to our control
room, focussing on system strength

* We need to understand nature of these oscillations and
their source:

» Data requested from Users (see next slide)

« Working group convened with ESO and TO
representatives to investigate events in more
detail, aiming to:

* Investigate the underlying drivers for the
oscillations

+ EMT modelling of the supergrid network in the
north of Scotland

* Analyse events to explore underlying system
behaviours

* Investigate and recommend remedial actions
that can be explored further with Licensees
and/or Users as appropriate

+ Assess suitability of alternative screening
techniques for use in operational timescales
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 To assist with the investigations, and to help identify
potential triggering events or conditions, Users in
Scotland were asked to provide:

Metering data at the times of the oscillations

Any alarms or actions from protection systems that
may have taken place during the events

Other SCADA alarms or events that indicate
abnormal or unusual operating conditions during
the events

Their network configuration including number of
turbines in service

Any change in state of plant, such as turbines
being taken in or out of service

Any available fault recorder traces

Any controller tuning or framework updates carried
out in the preceding months

» These can help in the modelling and analysis work to
identify and assess potential triggers

nationalgrid



Having accurate/representative of models of the network and the users is very important

Understanding the risk of control system interactions as converter based generation increases will requires detailed electro-magnetic transient (EMT)
studies to be carried out which in turn requires more detailed modelling of the network as well as the converters

Innovation Project Transmission Owner Tools for EMT Modelling (TOTEM)

https://smarter.energynetworks.org/projects/nia shet 0032/

Innovation Project Developing Enhanced Techniques to Evaluate Converter-dominated Transmission System Operability (DETECTS)

https://smarter.energynetworks.org/projects/nia nqgso0031/

Innovation Project Probabilistic planning for stability constraints

https://smarter.energynetworks.org/projects/nia nqgso0036/

nationalgrid


https://smarter.energynetworks.org/projects/nia_shet_0032/
https://smarter.energynetworks.org/projects/nia_ngso0031/
https://smarter.energynetworks.org/projects/nia_ngso0036/

Inaugural Research
Agenda

Research Program Description Numbgr i
Questions
Inverter Design Development of capabilities, services, design methodologies and 10
standards for IBRs.
Tools and Methods New tool_s_ an_d methods required to ensure reliability, security, 9
and stability in power systems.
Development of new technologies and approaches for enhanced
Control Room of the : . N
Future real-time visibility and analysis in power system operator control 17
rooms.
: New planning metrics, methods, and tools to capture the
Planning . ) : : 15
characteristics and influence of a changing resource mix.
Black Start Creating new procedures for black starting and restoring a power 1
system with high or 100% IBR penetrations.
Quantifying the technical service requirements required of future
Services power system to maintain the supply-demand balance reliably 7
and at least cost.
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universal interoperability
for grid-forming inverters

wnifi

[ ]
CONSOr t UM coled by NREL, University of Washington, and EPRI

The UNIFI Consortium is a forum to address
fundamental challenges to the seamless
integration of grid-forming (GFM) technologies
into power systems of the future

Bringing the industry together to unify the
integration and operation of inverter-based
resources and synchronous machines

Three major focuses:

® Research & Development (Modeling, Controls,
Hardware, Integration & Validation)

Demonstration & Commercialization (Large
Demonstrations, IP Management, Products, Standards)
Outreach & Training (Education, Workforce
Development, Communications, Events)
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Inaugural Research
Agenda

Research Program Description Numbgr i
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Inverter Design Development of capabilities, services, design methodologies and 10
standards for IBRs.
Tools and Methods New tool_s_ an_d methods required to ensure reliability, security, 9
and stability in power systems.
Development of new technologies and approaches for enhanced
Control Room of the : . N
Future real-time visibility and analysis in power system operator control 17
rooms.
: New planning metrics, methods, and tools to capture the
Planning . ) : : 15
characteristics and influence of a changing resource mix.
Black Start Creating new procedures for black starting and restoring a power 1
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and at least cost.
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IBR research Team
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IBR Research Team
Stability Tools Inventory:
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https://globalpst.org/wp-content/uploads/Tools-Team-Presentation.pdf

“Physics” tools \

Stability Centric Environment

Follow (click) each tool for more
/ \ detailed

“Economics” tools

Positive Sequence
Phasor analysis

Stability

static tools,

(ELCC, LOLE, ...)

\l )

How these tools are used depends on the problem/activity:

See application matrix.
) \ (e.g. Phasor + EMT)
%Hickorvhedge ffgLOBAL PST Nick Miller

CONSORTIUM Glossa ry: .
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Agenda

Research Program Description Numbgr i
Questions
Inverter Design Development of capabilities, services, design methodologies and 10
standards for IBRs.
Tools and Methods New tool_s_ an_d methods required to ensure reliability, security, 9
and stability in power systems.
Development of new technologies and approaches for enhanced
Control Room of the ) L N
Future real-time visibility and analysis in power system operator control 17
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: New planning metrics, methods, and tools to capture the
Planning . ) : : 15
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Black Start Creating new procedures for black starting and restoring a power 1
system with high or 100% IBR penetrations.
Quantifying the technical service requirements required of future
Services power system to maintain the supply-demand balance reliably 7
and at least cost.
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Table 4. Control Room of the Future Research Programme Questions

20. How can operators identify critical stability situations in real-time and optimize system security?

21. How can system operators get relevant real-time visibility and situational awareness of the state of
the power system with increasing penetrations of IBR and DER?

22. How can system strength, inertia and limits of stable frequency range be monitored in reakHtime in
high IBR systems?

23. What are the appropriate methodologies to visualize and interpret relevant information for
improved decision support for fast real-time control actions?

24 'What quantities must be monitored, screened, and validated in reaHime to ensure that there will
be adequate flexibility availability from uncertain system resources in the near-ferm?

25. How can control capahilities for IBR-based system assels (FACTS, Line Impedance adjusters,
etc.) and network flexibility more generally be maximized to enhance reliability and/or reduce costs.

26. Are there sufficient flexibilities available in the nearterm fo compensate variations in load and
generation (fast changes as well as long lasting extreme situations such as prolonged periods of no
solar and wind)?

27. How do confrol rooms address uncertainties in weather conditions that impact loads and
renewable energy output and rate of change (ramps)? How can probabilistic forecasting techniques be
better incorporated into real-time operations?

28. How can data be best utilized to ensure system operations include the ability to detect and mitigate
a range of uncertain disturbances?

25 What quantities must be monitored, screened and validated to ensure reliable service provision
from aggregated flexibility resources in distribution systems, supporting stable system operation?

30. What type of digital architecture is necessary to enable the variety of software required to operate
a control room in reaktime, near realtime and in auto pilot mode?

31. How can grid topology be flexibly adapted at various operating conditions?'

‘GLOBALPST

CONSORTIUM

32 What is a suitable data architecture for DER monitoring & modelling? Once DER resources have
been aggregated spatially and temporally, how should this information be provided to the control
room? Can DER categories be developed that allow groupings basad on their ensemble response to
system level events? What is the appropriate data architecture required to monitor/predict and control
DER in reaHtime?

33, What is the communication capability needed to support monitoring and control of DER? What is
the suitability of existing communications infrastructure — in terms of reliability, latency, bandwidth,
(cyher)security — relative to investing in a bespoke system? For DER control purposes, what 2-way
communication protocols are necessary?

34 What are the relative merits of different control architectures for DER? What might an efficient
distributed control architecture be for DER which: (1) makes use of appropriate device
characterizations and real-time monitoring data; (2) accounts for practical constraints around device-
level communication; and (3) accounts for heterogeneous subgroup controls of DER and various
existing DSOITSO control schemes?

35, What is the best way to integrate large data sefs, streaming information, and historical system
performance to create actionable operational insights?

36. How can the status (generation output, state of charge, etc.) of each key category of DER be
moenitoredfestimated in real-time? What are appropriate DER categories and the appropriate spatial
and temporal

S

Noria Corporation
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Research Program Description Numbgr i
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standards for IBRs.
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Planning L ) : . 15
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Black Start Creating new procedures for black starting and restoring a power 1
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and at least cost.
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Resource Adequacy Research Team

FIGURE 8
Scatter Plot of Size, Frequency, and Duration of Shortfall Events
with Energy-limited Reliance on Energy Limited Resources
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Source: Energy Systems Integration Group.

https://www.esig.energy/wp-content/uploads/2021/08/ESIG-Redefining-Resource-Adequacy-2021.pdf
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IBR Research Team

' GLOBALPST
> CONSORTIUM

Balance of reliability

Define ObjeCtive to and cost
System Needs and maintain Poliial Economy
. reliable supply Govemnment, markets,
Serv'ces for Systems :‘ ......................... J E ..... .': at |east Cost consumers, investors, etc.
. ) : Grid Codes
Wlth H Ig h I B R Needs to meet Characteristics of the & Slar}tdards
: objectives : Electricity Grid Reviews
Penetration : - - N
: Electricity Grid W \/J Manufacturers,
- Investment & entrepreneurs,
i| Interconnection of Retirement technology innovation etc.
: multlple su b-systems Decisions \ J
and devices NN <
Janusz Bialek Jason MacDowell . E \\\ 4 New sub-systems/devices )
University of Newcastle, UK GE, USA 4 r - - PhySiCE| pl‘OpE!I'TiES
Thomas Bowen Julia Matevosyan : Services provided J and constraints of * In_ve':ter'baSEd resources
NREL, USA ERCOT USA to meet needs subsystems & devices « Distributed energy resources
Z,Zefirae/egollege London, UK mzzg/na/ie,\gg:rus%\ S TTTTTITIIESTITT I T T e’ 2 \. Enablers e‘g' dlgltallsatloﬂ )
Debbie Lew Mark O'Malley
ESIG, USA ESIG, Ireland
Yitong Li Deepak Ramasubramanian
Imperial College London, UK EPRI, USA

Figure 1: Schematic diagram of system needs and services with recognition of physical properties of
grid, technology innovation and the regulatory and policy context.

October 8, 2021

GPST-IBR-Research-Team-System-
Services-and-Needs-for-High-IBR-
Networks.pdf (globalpst.org)



https://globalpst.org/wp-content/uploads/GPST-IBR-Research-Team-System-Services-and-Needs-for-High-IBR-Networks.pdf




NOA Stability Pathfinder Projects

https://www.nationalgrideso.com/future-energy/projects/pathfinders/stability/Phase-1

https://www.nationalgrideso.com/future-energy/projects/pathfinders/stability/Phase-2

https://www.nationalgrideso.com/future-enerqy/projects/pathfinders/stability/Phase-3
Introducing GB Grid Code change for Grid Forming Technologies

https://www.nationalgrideso.com/industry-information/codes/grid-code-old/modifications/gc0137-minimum-
specification-required

Stability Market development Innovation project

https://www.nationalgrideso.com/future-energy/projects/stability-market-design

Accelerated Loss of Mains Change Program (ALOMCP)

nationalgrid


https://www.nationalgrideso.com/future-energy/projects/pathfinders/stability/Phase-1
https://www.nationalgrideso.com/future-energy/projects/pathfinders/stability/Phase-2
https://www.nationalgrideso.com/future-energy/projects/pathfinders/stability/Phase-3
https://www.nationalgrideso.com/industry-information/codes/grid-code-old/modifications/gc0137-minimum-specification-required
https://www.nationalgrideso.com/future-energy/projects/stability-market-design

The primary requirement for stability pathfinder Phase 2 is for regional short circuit
level. However, we have included a requirement for national inertia as we value
inertia contribution alongside SCL.

1 600

2 1,300

3 1,300

4 600

5 1,200

6 400 - Requirement
7 1,800 (MVA.2)
8 1,200 6,000
| Tol | | 8400

The total requirement for SCL is for 8.4GVA across the 8 locations as above. As
any solution at one location will have a positive knock-on impact on all the other 7

locations, the totality of volume procured across all sites is expected be less than
8.4GVA.

nationalgridf



G-PST Consortium Governance & Funding Model

Activities Pillar 1

Program-Wide Activities and Pillars 2-5

Executive Founding System Operator (FSO) \m
Leadership CEO Group
and . Six CEOs meet regularly to provide advice and
Over5|ght guidance to the Consortium on key activities

Forum Research
Operational More complete representation Agenda GFOUp

Management of power system stakeholders Set research direction, quality
and Control in Consortium. Provide input control/coordination of
into strategic direction and research; ensure efforts
research priorities disseminated efficiently, globally

Implementation
and Financial
Accountability .
Proposals to research agencies
= Financial/Legal
Funding and Accountablllty_ with
- . Research Institute
Accountability Funding to
Research =
Institute/Team —

Government Research Agencies
Sponsors .
and Research Foundations

& Steering Committee

Advisory Board

Coordination 1 Support

G-PST Secretariat

= Financial/Legal : =
Accountability !

with Secretariat

Financial/Legal
Accountability
with Core Team

Funding via Funding Institute

1
1
:
Secretariat N 1 Direct to Core N
-
I Institute

Development Agencies & Foundations

NREL | 28



Conclusions

The Research Agenda is focussed and is a consensus between the

six FSOs

Great opportunity for the research community to get involved and

have a real impact

G-PST is an enabling and catalytic organisation

|II

G-PST has put out some initial “resources” please review

Feedback welcome globalpst@nrel.gov



mailto:globalpst@nrel.gov

Resources

21St April 2021

jalek, Martin Braun,
- luh.
Yitong Li,
Jason Mci D
Phil Pettin,
Ch

» Key Research Needs

» Research Agenda Enab/'ng

(IEEE PES Article) Eaer %atfgg —
Globally iz

 |BR Research Team B
» System Needs & Services (feedback)

COP26 Events » Stability Tools Inventory (feedback)
° Redefining Resource Adequacy
° UnIOCklnq GrIdS to DeCarbOnIZG Resource AdequaCy for Modern Power Systems
> Research Team
Power Systems Globally
> y * Report
» Accelerating Power System * Policy Briet
Transformation through Technical o Additional Webinars

Innovation

All these resources are accessible from: https://globalpst.org/



https://youtu.be/bW0ig-Wtg3U
https://youtu.be/nyxCApZaSSY
https://globalpst.org/
https://globalpst.org/wp-content/uploads/Toward-100-Renewable-Energy-Pathways-Key-Research-Needs.pdf
https://globalpst.org/wp-content/uploads/042921G-PST-Research-Agenda-Master-Document-FINAL_updated.pdf
https://globalpst.org/wp-content/uploads/Enabling_Power_System_Transformation_Globally_A_System_Operator_Research_Agenda_for_Bulk_Power_System_Issues-002.pdf
https://globalpst.org/what-we-do/system-operator-research-peer-learning/pillar-1-inverter-based-resources-research-team/
https://globalpst.org/wp-content/uploads/GPST-IBR-Research-Team-System-Services-and-Needs-for-High-IBR-Networks.pdf
https://forms.gle/Uq9Qp1HMSyFHywiL6
https://globalpst.org/wp-content/uploads/Tools-Team-Presentation.pdf
https://forms.gle/2GNjQqzfWjVZPSD3A
https://www.esig.energy/resource-adequacy-for-modern-power-systems/
https://bit.ly/RAforModernPowerSystems
https://www.esig.energy/download/ensuring-not-only-clean-energy-but-reliability-the-intersection-of-resource-adequacy-and-public-policy/?wpdmdl=8286&refresh=617afb7c7b4061635449724
https://globalpst.org/resources/#peer-learning

