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Changes so far...
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And the effect...
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Future Energy Scenarios

Low Carbon Life Gone Green

Economic - Growing L economy.

Political - Damesbc and European paicy
harmaniaaton, wih long term certainty provided,
Technological - High levels of renewable genemtion
with high inngvabion in the energy sector.

Social - Engaged consurners focused on drive
for energy efficiency. This results in high uptake of
secina vehcles and heat purmps
Ernironrmental — Al targeta hit, imeluding new
Euopean tergets poat 2020

Economic — Growng UK econarmy.

Palitical - Short term p
term conaenous around decart

Technological = Renewable generabion at a
logal lnvel, High mnovabion in the energy
Social ~ Hagh uptaie of sl

conaurners nol locussd an energy |:-|‘f||:b£-"||:,,
‘Going green’ ia & by-product of purchasing
desirable tema

Ervviranrmental — Carbon target hit. Mo rew
emaronmentsl tergets ntroduced.

i

e

Slow Progression

Ui economic recovery.
Poltical — Pofical will for austainabsl
financial constreinta prevent dabhwery

wable generation chosen
Low evels of

Social - Engaged
for enargy
wishicles ard

Ernnranmental - E
but hit later. New E
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System Operability Framework

Future Energy
Scenarios

Change in Energy
Landscape

eGeneration mix
e|[nterconnection

Demand side
services

Performance
Requirements

Economic, Efficient
and Operable
System

eLarge infeeds
(>1800MW)
*System stability

- Frequency

- Voltage

- Rotor angles
eConstraint
minimisation
*Market facilitation

Operational
Challenges

Reduction in
System Strength

*System inertia
- RoCoF
- Primary
response
- System stability
*Short circuit level
- Power quality
- Protection
- HVDC
commutation
- System stability

Operation Solutions
& Opportunities

»

SMART Grid
Development

*Rapid response
Demand side
response

eLow load operation
of thermal plants
*Dynamic thermal
ratings

*System wide
controller

*Parallel HVDC links

Electricity Ten Year
Statement

|

"0 2
N

— B

System Operation
Chapter of ETYS

*Variations in each
topic
*Opportunities for
stakeholders to
provide new
services
«Stakeholder
feedback
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International Experience

B | earnings used in SOF — Examples

N\

ERGRID/ w74 NI ENERGINE;/DI( ey
a=zrenner

EnEW Trarmpeitslce AG

Single Electricity
Market Operator

Operating under Operating with high

DS3 Programme

Frequency and Voltage

Low Fault Level level of Wind and
Solar

@ California ISO

Your Link to Power

‘fFIHGHID

Interaction between

System Stability and
Study Capability

Generator withstand

capability with high
RoCoF

generator shaft and
system resonance
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SOF 2014 Topics

Trip of Embedded Generation

Frequency Containment Increase in Volume of Required Response

System Inertia

Generation Withstand Capability Trip of Larger Units (i.e. flameout)

System Stability Power Oscillations

Protection Faults not Detected by Protaction Systems

Trip of Embedded Generation without FRT

Voltage Dips Capability

Short Circuit Lewvel

Voltage Management Maintaining Voltage within Statutory Limits

Resonance and Harmonics Excessive Harmonic Voltage Distortions

| CSC HVDC Link Commutation Inability to Import/Export Power Across CSC HVDC

Links
M "' Emergency System Restoration
Generator Closures gency Sy
Series Compensation
. Sub-Synchronous Resonance

New restoration services and methodologies

Interaction with the mechanical shafts of thermal
units & shaft fatigue

Adverse interaction with existing control systems
(AVRIGovernors/SVCs/STATCOMS)

| Newvschvoouins gl %M
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SOF Stakeholders

System
Operator

Academia Manufacturers

DECC Service
Ofgem Providers and
ENTSO-e Aggregators

Offshore
Transmission
Owners
(OFTOs)

Generators

Distribution
Network
Operators

Transmission
Owners (TOs)
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System Inertia

Short Circuit Level

Conventional
Generator Closures
Series Compensation

New VSC HVDC Links

RoCoF
Frequency Containment
Generation Withstand Capability
System Stability

Protection

Voltage Dips
Voltage Management
Resonance and Harmonics

CSC HVDC Link Commutation

Emergency System Restoration

Sub-Synchronous Resonance

Control Systems

Trip of Embedded Generation
Increasa in Volume of Required Response
Trip of Larger Units (i.e. flameout)
Power Oscillations

Faults not Detected by Protection Systems

Trip of Embedded Generation without FRT
Capability

Maintaining Voltage within Statutory Limits

Excessive Harmonic Voltage Distortions

Inability to ImporvExport Power Across GSC HVDC
Links
New restoration services and methodologios

Interaction with the mechanical shafts of thermal

units & shaft fatigue

Adverse interaction with existing control systems
(AVR/Govermors/SVCs/STATCOMS)

New Services

Balancing
Services

*Fast Frequency
Response
Enhanced
Reactive Power
Black Start
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Example — Frequency Control (1)

Synchronous Power Plant Non-Synchronous Power Plant
(i.e. Thermal, Hydro) (i.e. Wind, Solar)

Change in
Generation
Mix and
Technologies

m(0-50 =50-100 =100-150 = 150-200 = 200-250 = 250-300
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Example — Frequency Control (2)
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491 (deviation below 49.5Hz for no more than 60s)
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Time (s)

Action
Time Response

RoCoF Gone Inertia (to reach Rate

Hz/s : i Green GW.s 49.2 Hz MW/s
0.125**  2013/14 2013/14 360 9 185
0.2 2019/20 2018/19 225 4 400
0.22 2022/23 2019/20 205 34 489
0.25 2023/24 2020/21 180 2.4 679

0.3 2024/25 2021/22 150 1.2 1148

*Figures assume a 2s delay between detection/response activation
time
11
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Example — Frequency Control (3)

Solution Cost
(2020 Gone Green)

Constrain Extra £600m
generators
Cosn(\a/re\zlr;(t;gsn dl Constrain largest ~ Extra £130m-£270m
infeed/outfeed (depending on when the large
infeeds are connected)
Carry larger Extra £210m
volumes of
response

e bbb g d
[T

Enhanced Frequency Control

HE (Fast Response)
S ’ Services

Low Load Operation of Thermal Plants

Synchronous Compensator
12



System Operability Framework nationalgrid
Consultation

Sputem Operaosy

B QOver 30 Responses -

® Mainly from Technology/Service Providers [t a8

B Feedbacks (relevant to Operational Forum)
B | east cost solution (market/mandatory requirement)
m Clear focus on need for new services

® Solutions in future years requiring contracts at early stages of
development

B More collaboration on new services

® More innovation on new technologies

13
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System Operability Framework
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Thank you for your attention

For more information please email:

box.transmission.SOF@nationalgrid.com

natlona]grid Corporate | UK | US | Media

Home b Our services b Our company b Inyourarea [ ndustry Careers »

information
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System Operability Framework
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Industry information

Cur Future Energy Scensrics [FES) document is ped annually with for use in our electricity and gas planning processes. This

Domestic gas customer

document describes a range of scenarios considering amongst other aspects the d in electricity onshare and offshore, eleckricity
satisfaction survey

and gas use, progress against national environmental targets and interconnection. A key use of FES has been the identification of extra transmission
capacity required sorass the network, The results of this assessment and a high level impadt of FES on system operation are annually published in the

Gas Commercial Elecicity Ten Year Statement (ETYS)

Frameworks

The System ility F (SOF) has been ped to study in-depth. yearround impact of FES on system opesability. The process begins
Gas Distribution Shipper by assessing existing network performance, identifying the rect causes of incidents and constraints observed on the system in recent years, and
information highlighting petential new changes in system dynsmics in future years based on system studies. National Grid is to

and action on the feedback we receive. The views of our stakeholders sre oucisl 85 we enter a period where the energy industry has to mest the
Gas capacity challenges of providing secure and affordable energy, replacing ageing assets and moving to low carbon generation sources to meet the envircnmental

methodologies targets.

It is impertant that we consult en the developed System Operability Framework to further develop this framework, and therefore we appreciate if you
Gas Transmission

operational data

participate in cur question based consultstion

P dranaminninn miedam

The response to the SOF guestionnaire should be sent to box.transmission.sof@nationalgrid.com by 10 October 2014, m

http://www2.nationalgrid.com/UK/Industry-information/Future-of-Energy/System-Operability-

Framework/
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Q&A

vandad.hamidi@n@tionalgrid:.com
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