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ModifiCation Process

Banke John-Okwesa — National Grid ESO Code Administrator
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If the proposed solution requires further input from
industry in order to develop the solution, a Workgroup
will be set up.

The Workgroup will;

further refine the solution, in their discussions and
by holding a Workgroup Consultation

Consider other solutions, and may raise
Alternative Modifications to be considered
alongside the Original Modification

Have a Workgroup Vote so views of the
Workgroup members can be expressed in the
Workgroup Report which is presented to Panel
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The Code Administrator runs a consultation on
the final solution(s), to gather final views from
industry before a decision is made on the
modification.

After this, the modification report is voted on by
Panel who also give their views on the solution.
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Dependent on the Governance Route that was
decided by Panel when the modification was raised

Standard Governance: Ofgem makes the
decision on whether or not the modification is
implemented

Self-Governance: Panel makes the decision on
whether or not the modification is implemented

an appeals window is opened for 15 days
following the Final Self Governance
Modification Report being published
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The Code Administrator implements the final
change which was decided by the Panel /
Ofgem on the agreed date.
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Workgreup
Responsibilities

Banke John-Okwesa — National Grid ESO Code Administrator
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Contribute to the
discussion

Be prepared - Review
Papers and Reports
ahead of meetings

Help refine/develop

the solution(s)

Be respectful of each
other’s opinions

Complete actions in
a timely manner

Bring forward
alternatives as early
as possible

Language and

Conduct to be
consistent with the
values of equality and
diversity

Keep to agreed
scope

Vote on whether or
not to proceed with
requests for
Alternatives

Do not share
commercially
sensitive information

Vote on whether the
solution(s) better
facilitate the Code
Objectives
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Workgre p Alternatives
and Workgroup Vote

hn-Okwesa — National Grid ESO Code Administrator
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Can | vote? and What is the Alternative Vote?

To participate in any votes, Workgroup members need to have attended at least 50% of meetings

Stage 1 — Alternative Vote

« Vote on whether Workgroup Alternative Requests should become Workgroup Alternative CUSC
Modifications.

» The Alternative vote is carried out to identify the level of Workgroup support there is for any potential
alternative options that have been brought forward by either any member of the Workgroup OR an Industry
Participant as part of the Workgroup Consultation.

« Should the majority of the Workgroup OR the Chair believe that the potential alternative solution
may better facilitate the CUSC objectives than the Original then the potential alternative will be fully
developed by the Workgroup with legal text to form a Workgroup Alternative CUSC modification
(WACM) and submitted to the Panel and Authority alongside the Original solution for the Panel
Recommendation vote and the Authority decision.
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Can | vote? and What is the Workgroup Vote?

To participate in any votes, Workgroup members need to have attended at least 50% of meetings

Stage 2 — Workgroup Vote

« 2a) Assess the original and WACMs (if there are any) against the CUSC objectives compared to
the baseline (the current CUSC)

« 2b) Vote on which of the options is best.
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Timeline

Banke John-Okwesa — National Grid ESO Code Administrator
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Timeline for GC0155

Proposal Presented to Panel

Workgroup 1 — (discussion of the proposal) and
solution, agree timeline and review terms of
reference

Workgroup 2 (finalise solution to be consulted on,
agree alternatives and agree Workgroup
Consultation questions)

Workgroup Consultation (15 Working Days)

Workgroup 3 (Post Workgroup Consultation -
Assess Work group consultation responses)

Workgroup 4 Finalise solution(s) and legal text,
agree that Terms of Reference have been met,
Review Workgroup Report and hold Workgroup
Vote

Workgroup Report issued to Panel (5 working
days)
Panel sign off that Workgroup Report has met its

Terms of Reference

Code Administrator Consultation

Draft Final Modification Report (DFMR) issued to
Panel

16 December 2021

10 February 2022

10 March 2022

21 March 2022 — 11 April
2022

26 April 2022

10 May 2022

18 May 2022

26 May 2022

01 June 2022 — 30 June
2022

20 July 2022

Panel undertake DFMR recommendation vote

Final Modification Report issued to Panel to
check votes recorded correctly (5 working days)

Final Modification Report issued to Ofgem

Ofgem decision

Implementation Date

28 July 2022

01 August 2022 — 08 August 2022

09 August 2022

TBC

10 working days after Ofgem decision
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Proposer’s Solution:

Terry Baldwin — National Grid ESO
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This modification proposal is based on an alternative proposal (WAGCM2) to GC0151 ‘Grid
Code Compliance with Fault Ride Through Requirements’ by Drax Power Ltd. It seeks to clarify
the technical requirements for fault ride through capability set out in the Grid Code to improve
consistency, accuracy and understanding and to help prevent non-compliance with the Grid

Code.
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Issue-
The way CC.6.3.15(a)(i) is written deals both with plant capability and

actions to be taken during a fault, however, it does not clearly distinguish
between either leading to confusion.

Proposed solution-

It is suggested that the current CC.6.3.15(a)(i) is split into two sections,
one dealing with the required capability CC.6.3.15(a)(i)(a) and a second
section CC.6.3.15(a)(i)(b) dealing with actions to be taken during a fault.
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Proposed solution-

The new section CC.6.3.15(a)(i)(a) will only deal with plant capabilities by clarifying that the plant has
to be capable of riding through the worst fault that the network could impose which is a 3-phase short
circuit at the connection point which lasts for up to 140ms.

Proposed Legal text

The words “be design to” will be added to section CC.6.3.15(a)(i)(a) as
can be seen in the legal text in appendix 1.
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Issue-

The new section CC.6.3.15(a)(i)(b) will specify the actions to be taken if a fault occurs by requiring
that plants ride through faults in the transmission system which can be cleared by the transmission
system circuit breaker as shown in figure 2 below and by adding the following text as the introduction
to the section

Proposed Legal text

(b) Each Generating Unit, DC Converter, or Power Park Module and any constituent Power Park Unit

19

thereof and OTSDUW Plant and Apparatus shall remain transiently stable and connected to the
System without tripping of any Generating Unit, DC Converter or Power Park Module and / or any
constituent Power Park Unit, OTSDUW Plant and Apparatus, and for Plant and Apparatus installed
on or after 1 December 2017, reactive compensation equipment, for any balanced and unbalanced fault
where subjected to a voltage dip at either the Onshore Grid Entry Point or Interface Point as
applicable where the voltage remains either on or within the envelope shown in figure CC.6.3.15(a)(i)(a)
except where:
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Connection

Point
Users Transmission TCB?2
System System
Generator
Transformer
Generator ' TCB4
Circuit
TCB1
Generator Auxiliary Breaker
supplies GCB1
TCB3

Figure 2 showing a fault which can be cleared by transmission system breakers TCB3 & 4

20
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Issue-

Whilst the introduction deals with plants riding through faults as it is currently drafted in the Grid Code, it
IS not clear what is supposed to happen where the plant’s circuit breaker has to open to clear the fault.

There are concerns that the current text could be interpreted that the plant shall remain connected
feeding the fault for 140ms which could lead to dangerous situations. Itis clear this is not the intent, and
that plant should trip during these circumstances.

It is proposed that the following subclauses are added to clarify each situation where tripping is
permitted.
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If the fault is on the Generator’'s equipment then the Generator shall be required to trip to clear the fault
from the transmission system as detailed in the proposed new section CC.6.3.15(a)(ii)(b)(i) (note that this
Is already permitted in the ECCs), as follows:-

Power Park Module and any constituent Power Park Unit thereof and OTSDUW Plant and Apparatus
shall trip to clear the fault from the Transmission System. The protection schemes and settings should
not jeopardise Fault Ride Through performance as specified in CC.6.3.15.1

Connection
Point

Users Transmission TCB2
System System

w

Generator
Transformer

Generator . TCB4
Circuit
TCB1
Generator Auxiliary / Breaker

supplies I GCB1

w

TCB3

Figure 3 showing a fault which can only be cleared by generator breakers GCB1
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If the location of the fault on the network that means that the fault can only be cleared by operation of both
Transmission and the Generator circuit breaker as shown in figure 4, again the Generator will be permitted
to trip to clear the fault as detailed in the proposed new section CC.6.3.15(a)(i)(b)(ii) and ECC.6.3.15.8(vi)(i),

as follows:-

the location of the fault means it cannot be fully cleared without tripping the of Generating Unit, DC
Converter, or Power Park Module and any constituent Power Park Unit thereof and the OTSDUW Plant

shall trip as required.

Connection
Point

Users Transmission TCB2
System System

Generator
Transformer

Generator . TCB4
Circuit
TCB1
Generator Auxiliary Breaker 1
GCB1 i

supplies

TCB3

Figure 4 showing a fault which can only be cleared by generator breaker GCB1 &
transmission circuit breaker TCB1
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if the location of the fault on the network means that the Generator will become islanded by the operation
of the transmission circuit breakers as shown in figure 5 then it shall be permitted to trip as detailed in the
proposed new sections CC.6.3.15(a)(ii)(b)(iii) and ECC.6.3.15.8(vi)(ii), as follows:-

clearance of the fault results in the Generating Unit, DC Converter, or Power Park Module or OTSDUW

Plant becoming islanded and disconnected from the Total System and not supplying Customers (where
CC_6_3_7(c)(i) applies), then the Generatina LInit DC Converter or OTSDIIW Plants shall be permitted to

Connection

trip as required. Point

Users Transmission TCB2
Generator

System System _D
Transformer

Generator = [] TCB4
¢ L
N Circuit TCBH
Generator Auxiliary Breaker
GCB1

supplies

Figure 5 showing a fault which can be cleared by transmission breakers TCB1,2&3, however this results in the
Generator being islanded from the main transmission system and needs to come off
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Also, If there are inter-trip arrangements with the TO or ESO in relation to protection schemes to prevent
cascade overloading, etc then plants shall be required to trip as per these arrangements as detailed in the
proposed new section CC.6.3.15(a)(i)(b)(iv & v) and ECC.6.3.15.8(iii & iv),as follows:-

the Generating Unit, DC Converter, or Power Park Module and any constituent Power Park Unit
thereof and OTSDUW Plant is part of combined protection scheme with the Transmission Operator,
then the Generating Unit, DC Converter, or Power Park Module and any constituent Power Park Unit
thereof and OTSDUW Plants shall be permitted to trip as required.

the Generating Unit, DC Converter, or Power Park Module and any constituent Power Park Unit
thereof and OTSDUW Plant is part of and intertrip scheme which is switched into service and triggered,
then the Generating Unit, DC Converter, or Power Park Module and any constituent Power Park Unit
thereof and OTSDUW Plants shall be permitted to trip as required.
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Issue-

The area of the current legal text which technically creates the biggest problem in relation to compliance
are in sections CC.6.3.15 (a)(ii)) and ECC.6.3.15.9.2.1(a)(i) which currently state “for which the voltage at
the Grid Entry Point (or Interface Point in the case of OTSDUW Plant and Apparatus) is outside the limits
specified in CC.6.1.4, each Generating Unit or Power Park Module or OTSDUW Plant and Apparatus
shall generate maximum reactive current”. If this requirement is drawn out on the figure 6 below where
the current and voltage must always either be within the green shaded area or on the red line.

Grid Entry Point or

User System Entry Point Voltage (pu)
K
Normal voltage control
operation

09

: Q\\\§\ 5

Peak Rating 1.0pu

Current needs to be
either inside green
shaded area or on red
line

NOT TO SCALE

-0.312 0 0.312

Reactive Current (1) (pu)

1.0

>

1.5

Figure 6 showing an interpretation of the existing legal text requiring the
26 current to either be in the green box or on the red line
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Proposed Legal text

(iv) During the period of the fault as detailed in CC.6.3.15.1 (a) (i) for which the voltage at the Grid
Entry Point (or Interface Point in the case of OTSDUW Plant and Apparatus) is outside the limits
specified in CC.6.1.4, each Generating Unit or Power Park Module or OTSDUW Plant and Apparatus
shall inject a reactive current above the heavy black line shown in Figure CC.6.3.15(b) without
exceeding the transient rating limit of the Generating Unit, OTSDUW Plant and Apparatus or Power
Park Module and / or any constituent Power Park Unit or reactive compensation equipment.

Grid Entry Point or
User System Entry Point Violtage (pu)
L

11 s
1.0

09 R

NOT TO SCALE

Peak Rating 1.0pu

H ——
-0.312 0 0.312 Reactive Current (1) (pu) 10 15

Figure 7 showing the proposed reactive current injection requirements,
27 requiring the current to always remain above the black line nationalgrid



(solution required)

Issue-
Minimum active Power requirements after the fault has cleared because within CC.6.3.15.1 a) ii) it states:

(or within 0.5 seconds of restoration of the voltage at the User System Entry Point to 90% of nominal or
greater if Embedded), Active Power output or in the case of OTSDUW Plant and Apparatus, Active Power
transfer capability, shall be restored to at least 90% of the level available immediately before the fault.
Once the Active Power output, or in the case of OTSDUW Plant and Apparatus, Active Power transfer
capability, has been restored to the required level, Active Power oscillations shall be acceptable provided

that:

- the total Active Energy delivered during the period of the oscillations is at least that which would
have been delivered if the Active Power was constant

- the oscillations are adequately damped

Whilst this works in principle at higher loads, it does create an issue at lower loads if you consider a real
event for a unit operating as a synchronous condenser in figure 8.
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Load response of unit at low load or as a synchronous condenser
in response to system incident

0.9
0.8
0.7
0.6
0.5
0.4
0.3
o [\ A
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02 NANELEY R
-0.3 V] Load
0.4 ‘
-0.5
-0.6
-0.7
-0.8
-0.9
-1
-1.0 0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0

Time in seconds from initiation of incident

Figure 8 showing a typical active power response of a unit at low load to a fault

If you look at the initial load which is 0.02 pu then 90% of this small number you get a very small number, it is
also difficult to see how a sensible compliance assessment can be carried out at these levels and it is hence
suggested that under these circumstances the tolerance should be changed.
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Issue-

The Grid Code defines in detail the FRT requirements for voltage dips, it is silent on the requirement for
Users or Network Operators to remain connected for transient over-voltages, particularly those that are
expected to occur after the clearance of a fault.

Therefore it is possible, for example, that currently a Generator or Interconnector may successfully ride
through a voltage dip, but trip when the fault is cleared as the resulting over-voltage transient is sufficiently
high or sustained that it could trigger over-voltage protection that would ordinarily be expected to be fitted
by the User (or Network Operator) to protect their equipment.

It is also possible a User site or Network Operator asset could ride through a low voltage fault but
incorrectly configured protection settings result in the User site or Network Operator asset(s) tripping or
de-loading.

30 nationalgrid



Proposed solution-

To provide further clarity to Users and Network Operators, it is proposed that wording along the following
lines would be added to Section CC.6.3.15.3 and ECC.6.3.15.10 (‘Other Fault Ride Through
Requirements’):

» Users and Network Operators shall ensure voltage sensitive relays installed to protect the User’s plant
and / or apparatus or Network Operator’s asset are configured such that they will not prevent correct
operation of the Fault-Ride-Through capability of the User’s equipment (or Network Operator’s assets)
against the relevant Voltage-Time curves. For example,

o Over-voltage protection shall be configured to be insensitive to transient overvoltages of at least
1.20pu for at least 0.5 seconds.

0 Under-voltage protection shall be configured to be insensitive for transient undervoltages of below
0.8pu for at least 3 seconds
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Terms Of Reference

Banke John-Okwesa — National Grid ESO Code Administrator
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Workgroup Term of Reference

Location in Workgroup Report

a) Implementation and costs;

b) Review draft legal text should it have been provided. If legal text is not submitted within the Grid Code
Modification Proposal the Workgroup should be instructed to assist in the developing of the legal text; and

c) Consider whether any further Industry experts or stakeholders should be invited to participate within the
Workgroup to ensure that all potentially affected stakeholders have the opportunity to be represented in
the Workgroup. Demonstrate what has been done to cover this clearly in the report

d) Consider EBGL implications

e) Minor changes and clarifications to the existing Grid Code Fault Ride Through (FRT) requirements
specifically but not limited to consideration of the following areas:

I. Clarify instances where User plant is required to trip in order to clear transmission system faults

ii. Amending requirements for generating maximum reactive current during faults where these may be
unachievable for some generators

lii. Amending post-fault active power requirements to consider whether generators at low load may have
greater levels of oscillation than permitted

iv. To consider clarifying and or defining requirements for over-voltage during a fault

f) Consider and address any cross code impacts on other codes especially Distribution Code (e.g. G99
requirements)

nationalgridESC



——

Next Ste s

Banke John-Okwesa — National Grid ESO Code Administrator
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* Review Actions
* Review Legal Text
« Workgroup Consultation Questions

35
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