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The changing nature of reaching net-zero GE VERNOVA
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New mega-trends are challenging the power grids resiliency GE VERNOVA

DISRUPTION ELEGTRIFICATION DECARBONIZATION
VELOCITY DENSITY VARIABILITY

=
* Increase in Nature « Exponential growth of « Higher variability of
extreme disruptions grid assets load and generation
(severe weather, natural disasters, . . .
geomagnetic storms, wildlife) * Increased technical « Distributed-Energy
. Ramp-up of armed and failures with growing Resources with
grid complexity bidirectional energy

hybrid conflicts (terrorism,

sabotage, cybersecurity threats) « Human factor/ mistake flows
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Why do we need flexibility? GE VERNOVA

CHALLENGES

UTILITY GOAL:

Network capacity issues
“ET ZEnn « Datacenters, EVs/heating adds
Storage 50-100% to the load

/[\ New electrical patterns
# _ - Back feeds
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» High voltages
* Protection Issues
« Balancing

Electrification

Generation T&D networks * Intermittency across T&D
_:C:):_
@ New stakeholders
« Rapid proliferation of
Flexible generation Increased connectivity Flexible load aggregators and DER service
Renewables providers

(Large and small scale) RES curtailment

New regulations
Figure 15 - Flexibility sources in the electricity supply system - FE RC 2222

« EU Network Code Reform for
Demand Response
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Transform traditional networks to enable renewables and DERs:

full network visibility and control is a pre-requisite

Grid Infrastructure Outer Ecosystem
Transmission Primary distribution Secondary distribution . Customers
66kV and above 132kV>33KkV 33KV >1kV MIEITEES & SEIees 1KV and below

Can vary to some extent dependifg on country/region

Wholesale
% of grid & Ancillary Electro-intensive industry
(substations 25 25 50
and lines) Local
flexibility
i 45 Commercial
o/ (itilisati 25 5 % Flex
% utilization 35 Operators
: Flex Transportation
Retailers
% digitization 99 >0 5
i Aggregators

DER and VPP SW
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Cybersecure visibility & controls between grid infrastructure and outer ecosystem

DERMS: Distributed Energy Resources Management Systems



Grid digitalization is needed for more than just flexibility:
security, affordability and sustainability

Technological fundament of the digital grid of the future

“Smart grid technologies” are the Smart grid technology layers

resultdoc:lalye'rmghof tlrad.mo'nal Analytics (condition based, predictive, simulation, modelling) /
S L GNP es. Software (Scada, ADMS, EMS, AMI, EAM/APM)!!

e.g. “passive” transformer/
switchgear + IED + sensor + Data platforms (data management and execution; enterprise, edge, cloud)

communication = digitized
transformer (provides data) +
connectivity = monitored
transformer + analytics
= smart transformer

erdiiics ot
digitalised network operator
build upon Primary grid components
(transformers, substations, ...)
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Virtual applications: Connectivity + Communication = Edge Computing
(controllers, gateways, edge computers, ...)?!

cybersecurity
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Accelerate your DER journey with GridOS DERMS

The leading modular DERMS for grid operators
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= Operates
standalone or
integrates
with ADMS/
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Gateway AEMS for
unified grid
orchestration
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= Leverage
across grid-
centric DER
use cases

Zero Trust Grid Security

‘ Grid Data Fabric

Scale at your pace

» GridOS DERMS' suite of modules enables you to start
with essential capabilities and expand as your DER
penetration increases.

» Full use case support for planning, operating, and
transacting DERs.
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DERMS implementation details

1. Discovery phase - identify the information, data &
performance gaps that need to be filled to maximize the
value the solution delivers. For example, RTU/substation
monitoring data to provide a data source for Forecasting

2. Network model management — Deploy foundational
elements of solution including Model Manager DERMS
module as a tool to ingest, maintain and federate the
network model data (as-built, planned, as-operated, as-
switched, etc)

3. Look ahead elements — Deploy Forecasting and
Optimization DERMS modules to provide the identification
of needs - e.g. when, where, & to what extent congestion
is expected to occur.

4. Solution identification — Deploy Optimization module
functionality, alongside market and contractual information
held within Program Manager DERMS module in order to
compute the most optimal solution to the congestion
identified.
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Must haves:

Do they have suitable, scalable and
adaptable forecasting capabilities to
provide the fundamental look-ahead
insight required for a pro-active congestion
management solution?

Is their network and DER data siloed or
inaccessible and would they benefit from a
grid data fabric architecture — not just for
congestion management but to enable new
and emerging responsibilities?

When partnering with technology
providers, can they be sure that their data
and infrastructure will be protected from
cyber and security threats?

DERMS: Distributed Energy Resources Management Systems



DERMS use cases GE VERNOVA

DER flexibility market Increased System aqaly3|s and market trading Fauhtated long term contracts between

demonstration project penetration of platforms implemented to enable industry and flexibility markets, while
renewables and EVs flexibility request, response and maintaining network integrity and driving

Scotland & Central contracts to instruct dispatch optimization

fgggh;m Enelerme schedules

Local demand-side flexibility 'ncreased level of Based on Universal Smart Energy Aggregators demonstrated the ability to
project modern customers Framework (USEF), forecast integration respond to FlexRequests with at least one
; : and prosumers and visualization, constraint and Flexibility Offer in 94% of cases. enables
United Kingdom flexibility need identification, contract operators to request flexibility and
5Q2020 registration and management, and calculates market settlement. A total of
market orchestration. 55.2 MWh of flexible energy was ordered,
with 45.5 MWh successfully delivered.

Gateway, Forecasting & Uphold grid Grid Management System (GMS), Enable large amounts of DERs and EVs,

reliability, resiliency, streamlining distribution operations while maintaining system resilience and
and the seamless through a unified platform with secure  stability and optimizing CAPEX/OPEX
integration of communication, machine learning spends.
several millions of forecasting, compute optimization to
DERs and EVs. address congestion and voltage issues,

while modeling and communicating

with SCADA.

Optimization
United States
On-going
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Grid flexibility & stability solutions must go hand in hand =~ @ cevernova

Interconnections enhance
grid stability by providing a

pathway for electricity to flow
between different systems

The Grid Control Center leverages <
GridOS® and GridBeats™, offering situation
awareness, EMS orchestration, near real-
time control, and more
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Advanced Grid orchestration €D e vernova
solutions — UK experience

v Unified information Diverse information
sources made accessible to applications in a
unified way

[=}

v Near real-time observability of high-resolution
dynamic data through WAMS providing
resources for stability monitoring and control
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v Forecasting functionality with load flow and 9
TEAL @ London

contingency analysis to navigate future grid
situations
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human controls to the relevant resources and 7 ” v ” = Time .
SUbsyStemS skie | see | teac | HutT | cove | BAcs

v Secure communication of automated and

v" Zonal Control: Complexity of overall grid
operation being managed by central systems
providing high-level requirements applied to

intelligence in the field that manages a local or The benefit of wide-area observability is evidenced in a

network zone level of control generation loss event (see Figure above), which shows
significant dispersion in frequency and RoCoF between
locations in the first few seconds of the event.
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Zonal Autonomous Control (ZAC)transmission applications

ZAC-T
DSR Stability/SIPS
: Adaptive
Congestion )
Frequency Stability < Protection
AEMS
Voltage Stability e.g. Out of step
Oscillation
Management
Angular Stability
SIPS
‘a o > ZAC T Iayer prov1d|ng transmission level

DSR - Demand Side autOnomy linked to neighboring zones and -

Response ZAC = zonal autonomous control rowsmned from central orchestrator

SIPS - System Integrity Protection Schemes
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Grid BeatSTM GEVERNOVA
PORTFOLIO OF SOFTWARE-DEFINED AUTOMATION SOLUTIONS FOR GRID DIGITALIZATION CUSTONER OUTCOE

BETTER VISIBILITY FASTER DEPLOYMENT

INCREASED RESILIENCE ENHANCED OPERATIONS

&  Gridseats™
TJII*  substation Monitoring

GridBeats™
Digital Substation

) GridBeats™
Autonomous Distribution

GridBeats™
Cybersecurity

GridBeats™
Asset Management
(W]
Sz

Virtualization Al/ML Cyber/Cloud S

idBeats”

EART OF THE GRID
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Policy needed to drive flexibility demand
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flexibility markets
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Ease of Shifting Demand (score, outof 100)

Fund and deploy technology to enable flexibility

Source: Thunder Said Energy; Demand shifting: electrical flexibility by industry?

Status of local flexibility markets

Markets
. Tenders
Day-ahead

Pilots
§ Tenders

W\ Day-ahead

Pilots ended or
pending approval

No data %‘\

Source: BloombergNEF
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