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Project Title

SHEDD - System HILP Event Demand Disconnection

Project Reference Number Funding Licensee(s)
NIA_NGS00034 NG ESO - National Grid ESO
Project Start Date Project Duration
May 2020 2 years and 1 month

Nominated Project Contact(s)

CanLi (NGESO) and Yiango Mavrocostanti (WPD)

Scope

Frequency plays a very important role in power transmission and distribution in relation to the balance between the demand and
generation requirements of the network. The maintenance of system frequency within set levels is required to maintain stability and
prevent a full system collapse. Under normal operating conditions National Grid Electricity System Operator (NGESO) is obligated to
maintain the system frequency between 49.8 and 50.2 Hz.

Under exceptional circumstances (e.g. loss of a large generator) the frequency should not deviate outside the range 49.5 to 50.5Hz for
more than 60 seconds. In order to achieve this, NGESO contracts frequency response to secure the power system for a number of
events. There may be certain circumstances where the contracted frequency response may not be sufficient to maintain the system
frequency between the statutory limits where the total loss of generation exceeds the amount secured for and a deficit of generation
arises.

In order to reduce the generation deficit (or excess in demand) to maintain stability, Distribution Network

Operators (DNOs) have low frequency relays to disconnect demand (LFDD). To comply with the requirements of the Grid Code,
Western Power Distribution as a DNO is obligated to install LFDD schemes. The schemes are designed to automatically disconnect
at least 60% of the total DNO demand on a stage by stage basis at the time of the forecasted national electricity transmission system
peak demand. The demand subject to automatic low frequency disconnection is divided into 9 predetermined discrete MW blocks
which are disconnected at defined low frequency levels. Each block of demand is distributed across each license area, so far as
reasonably practical, so that the demand at different Grid Supply Point (GSP) sites is reduced evenly.



The current LFDD schemes do not take into account the growth of distributed generation and decreasing system inertia. The growth of
distributed generation connected on DNO networks at voltage levels below where the LFDD relays are installed is likely to impact on
the effectiveness of the scheme. If the level of distributed generation output is high when the relay is triggered, the amount of demand
disconnected may be lower than expected. In addition, levels of system inertia are decreasing (e.g. due to the closure of traditional
generation) along with net transmission system demand.

This reduces the effectiveness of LFDD schemes as changes in frequency will be faster and larger. Should the frequency fall at a high
rate, more than one LFDD stage could operate resulting in too much demand being disconnected. These increasing changes risk the
effectiveness of LFDD, impacting security of supply, unnecessary customer interruptions and price impact. If the LFDD scheme does
not deliver the demand reductions required, the whole system is at risk; while if the response results in sub-optimal economic
disconnection of customers, the economic impact (and so cost to consumers) of High Impact Low Probability events will be higher than
necessary. Furthermore, an ineffective LFDD scheme could increase the risk of rolling brownouts / blackouts.

For example:
» The LFDD scheme is simplistic in design and overestimates the demand reduction achieved by operating LFDD relays

e Evidenced by 9 August event
e Current approach to determining magnitude of demand reduction from each relay is simplistic
e Unknown what volume of DG is also lost when a relay operates

+ Load shedding does not take into account the variation in Value of Lost Load (VoLL) for different customer types.

+ Vulnerable customers and safety critical loads are also not sufficiently protected by the current LFDD scheme.

* The performance of the scheme is decreasing as the uptake of Distributed Generation increases, and system inertia falls. This
degradation of performance is expected to worsen with time.

Objectives

The objectives of the project is to design and test a new LFDD scheme to maximise its future performance as the network continues to
decarbonisation, Distribution Generation (DG) integration increases, and system inertia continues to decrease.

Success Criteria

The project will be deemed a success if a proposed new LFDD design is proven successful in simulations and examined to be viable
by Subject Matter Experts.

Performance Compared to the Original Project Aims, Objectives and Success Criteria

7

National Grid Electricity System Operator (“NGESO’) has endeavoured to prepare the published report (‘Report’) in respect of
SHEDD — System HILP Event Demand Disconnection - NIA_ NGS0O0034 (“Project’) in a manner which is, as far as possible,
objective, using information collected and compiled by NGESO and its Project partners (“Publishers’). Any intellectual property
rights developed in the course of the Project and used in the Report shall be owned by the Publishers (as agreed between NGESO
and the Project partners).

The Report provided is for information only and viewers of the Report should not place any reliance on any of the contents of this
Report including (without limitation) any data, recommendations or conclusions and should take all appropriate steps to verify this
information before acting upon it and rely on their own information. None of the Publishers nor its affiliated companies make any
representations nor give any warranties or undertakings in relation to the content of the Report in relation to the quality, accuracy,
completeness or fitness for purpose of such content. To the fullest extent permitted by law, the Publishers shall not be liable
howsoever arising (including negligence) in respect of or in relation to any reliance on information contained in the Report.

Copyright © National Grid Electricity System Operator 2022

Project Overview
The project sets out to identify the shortcomings of the current LFDD scheme and opportunities to improve its performance. It will
undertake this by:

e Building on current literature and taking into account thoughts from network operators and research groups.
¢ Investigate a new methodology to assess the effectiveness of the LFDD scheme and design options for future LFDD alternatives.

e Techno-economic analysis for the alternatives to capture the wider impact of such changes.

The project objective is to create the technical specifications and identify the necessary changes of the codes and operational



strategies.

Project objectives
The objectives of the project are to design and test a new LFDD scheme to maximise its future performance as the network continues
to decarbonisation, Distribution Generation (DG) integration increases, and system inertia continues to decrease.

Complete - A number of LFDD scheme options were designed during the course of the project, with three of these being taken
forward to the final outputs and recommendations. Simulation was carried out to test the performance of these when compared to the
existing scheme.

Success Criteria:
The project will be deemed a success if a proposed new LFDD design is proven successful in simulations and examined to be viable
by Subject Matter Experts.

Complete — The project’s proposed designs were examined by Subject Matter Experts within WPD as well as in the wider industry
during dissemination events and meetings with the Energy Emergencies Executive Committee (E3C)

Project Plan

WP 1 — Identify performance issues with current LFDD scheme (Timescale: 1.5 months)
WP 2 — Establish a new methodology to establish VOLL within LFDD (Timescale: 2 months)
WP 3 — Create new LFDD designs (Short & Medium Term) (Timescale: 5 months)

WP 4 — Modelling of LFDD schemes against HILP events (Timescale: 2 months)

WP 5 — Testing of new LFDD process to simulated HILP events (Timescale: 4 months)

WP 6 — Reporting, Dissemination, (incl. Project Management) (Timescale: 1.5 months)

Project Activities

LFDD Schemes Review

Identification of the GB LFDD schemes shortcomings and opportunities to improve, resulting in the initial proposal of 8 alternative
options.

Optimisation of LFDD Relay Settings

Disabling LFDD Relays During Power Export
Relocating LFDD Relays to Lower Voltages

Active Adjustment of Relays Settings (medium term)
Responsive RoCoF — based Demand Shedding
Responsive RoCoF — based Frequency Settings
LFDD Support from DERs

LFDD Functionality Delivered by Smart Meters

ONOOAWON =

Alternative LFDD Designs
Initial design and shortlisting LFDD design options for Short-and Medium-term solutions. The following provides a summary of the

shortlisted alternative LFDD scheme options proposed in Work Package 3 and later re-classified in Work Package 4 based on their
technical, commercial, societal, and environmental performance.

Short-Term Design Options (<5 Years)

The short-term alternative solutions for the LFDD scheme are defined as those which represent least disruption to current ways of
working, allowing the solutions to be implemented by GB DNOs within five years and with relatively limited additional cost or resource
requirements.

1. Optimisation of LFDD Relay Settings

“Optimisation of LFDD Relay Settings” scored highest initially. This solution focuses on the optimisation of key parameters and
settings associated with the LFDD schemes to maximise its technical performance. These parameters include the percentage of
loads connected to each under-frequency stage of the LFDD scheme, under-frequency thresholds associated with each LFDD stage,
frequency dead-bands, and the relay time delay settings.

These parameters can be re-optimised based on the dynamic characteristics and strength of each protected region, the associated
consumer impact, and Value of Lost Load (VoLL) to improve the technical and economic performance of the targeted LFDD scheme.

2. Disabling of LFDD Relays During Power Export

This alternative solution requires the LFDD relay to be deactivated temporarily when the network connected downstream of the relay-



protected area is exporting power from Distributed Generation (DG) sources. This prevents large quantities of DG from being
disconnected from the network which would worsen the frequency drop associated with any HILP event. The relay will then be
programmed to return to a default position (normal) when the protected network area returns to be a net importer.

Medium-Term LFDD Design Options (> 5 YEARS)
The medium-term LFDD alternative solutions were defined as those which are relatively more complex and sophisticated than the
short-term options, with a lower Technology Readiness Level (TRL) or increased barriers to implementation.

3. Relocation of LFDD Relays to Lower Voltages (with disabling during power export functionally)

This alternative LFDD solution combines the two topologies, moving the LFDD relays visibility from the 33kV network to lower voltages
(11kV). This results in the redirection of the LFDD trip singles to the circuit breaker of primary transformers or/and outgoing feeders’
instead of tripping the entire substation. The performance of the “Relocation to Lower Voltages” can then be improved by temporarily
deactivating the LFDD relays when the network connected downstream of the relays is exporting power from DG sources.

This solution was initially classified as a short term solution, but was reclassified during WP4. The potential to improve the
performance of the “Relocation of LFDD Relays to Lower Voltages” by combining it with the “Disabling during power export
functionality” was also identified during this WP.

Consumer Impact
Through Work Package 2 Cornwall Insight assessed potential options to account for consumer impact within the LFDD scheme. The

intention was to understand whether it is appropriate and possible to change how consumers are considered in the decisions about
where LFDD relays should be placed.
We noted there are a number of ways that consumer impact could be reflected. These were broadly categorised into two groups:

¢ Quantitative approaches — where Value of Lost Load (VoLL) data is used to determine the location and ordering of LFDD relays.
VolLL is an administratively determined value to estimate the value that consumers may place on continued security of supply

e Qualitative options (non-VoLL based options) — where other approaches could be taken to differentiate between different customer
types, including whether it would be possible or appropriate to differentiate customers that are defined as critical or essential,
domestic or vulnerable

We then assessed these options on both a standalone basis, and against the technical LFDD options. We noted that:

1. In practice, DNOs are already accounting for customers in their placement of LFDD relays;

2. There is ongoing thinking by Government to progress two actions from the E3C report related to customers in the LFDD; and,

3. Recognising the nature of the LFDD scheme and the available technologies, quantitative options such as reflecting VoLL in the
placement of LFDD relays would face a number of issues and be subject to a number of caveats and assumptions. For these
reasons we do not believe VoLL should be used as an initial decision metric, but that it could be used in a ‘tie-breaker’ situation.

In this WP final deliverable we set out a methodology that could be used to assign substations with a value based on VoLL. This is
based on the following assumptions:

e [t would be appropriate to differentiate between different customer types in this way
e DNOs would welcome an additional decision-making tool based on VoLL to support their decisions

e VoLL data is available, and that data is appropriate for use in LFDD outages

The methodology is based on available data flows to estimate demand by different customer types for different substations.

Required Modifications to the Planned Approach During the Course of the Project

A sub-project undertaken by the University of Strathclyde, assessing the SHEDD Shortlisted LFDD Scheme Recommendations by
applying existing tools developed at the University of Strathclyde was carried out. This additional work validated the original
recommendations by SHEDD project.

Lessons Learnt for Future Projects

Project outcomes

The key challenges associated with the current LFDD scheme were determined to be the disconnection of DG, the reduction in
network inertia, and the customer impact of LFDD operation.

VoLL can be used as a value of consumer impact which could be implemented in a ‘tie-breaker’ situation where all other
considerations are equal (e.g. the same amount of demand and same types of customers being disconnected).

Of the final three shortlisted alternative LFDD design options, the “Optimisation of LFDD relay seftings”solution was determined to be



the most optimal alternative LFDD design solution to upgrade the existing LFDD scheme.

Review of benefits case

The project can improve the security of the system in the HILP event and also enable economic optimization to minimize disruptionin
such extreme events. The SHEDD project has been used to support the work carried out in WPD'’s RIIO-ED2 business plan, as well as
inputting into discussions within the E3C working group. The final shortlisted solutions (“Optimisation of LFDD relay settings’,
“Disabling LFDD relays during pover export’, and “Relocation of LFDD relays to lover voltages with disabling during pover export
functionality’) can be considered in any future development of the LFDD scheme, with the projects outputs able to assist in policy

updates required.

Dissemination

The project had multiple knowledge exchange and dissemination activities that were carried out to gain feedback on the shortlisted
design options and generate any further insights. The numerous activities are listed below (in chronological order):

e September 2020 DNO Engagement Event

e QOctober 2020 DNO Engagement Survey

e November 2020 E3C Engagement Event

e March 2021 E3C & Electricity Task Group (ETG) Engagement Event
e June 2021 E3C Engagement Event

e September 2021 CIGRE UK Webinar

e September 2021 Technical DNO Engagement Survey
e Closedown Report

e Public Webinar

e E3C Webinar

e Conference Paper

Note: The following sections are only required for those projects which have been completed since 1st April 2013, or since the
previous Project Progress information was reported.

The Outcomes of the Project

The outcomes of the project are summarized below:

Following an extensive literature review, the key challenges associated with the current LFDD scheme were determined to be the
disconnection of Distributed Generation (DG), the reduction in network inertia, and the customer impact of LFDD operation. A key
outcome of this project was to determine potential alternative LFDD design options that could replace the existing LFDD scheme. A
wide list of alternative LFDD scheme design options were produced following the literature review, before being shortlisted using an
impact scoring matrix and techno-economic assessment. The final solutions considered were: “Optimisation of LFDD relay settings’,
“Disabling LFDD relays during pover export’, and “Relocation of LFDD relays to lower voltages with disabling during pover export
functionality”.

After investigating consumer impact within the LFDD scheme it was determined that the current informal approach1 that the DNOs
take to assessing consumer impact was suitable given the role and aim of the scheme. Value of Lost Load (VoLL) could be used to
consider consumer impact in a ‘tie-breaker’ situation, where all other considerations are equal (e.g. the DNOs have used their existing
approach, the same amount of demand and same types of customers being disconnected). A gap-analysis was performed for the
barriers of each of the final shortlisted options. The “Optimisation of LFDD relay settings”solution was found to be the most optimal
LFDD design option (in terms of implementation) as it had an overall implementation barrier severity level of Low.

Data Access

Details on hownetwork or consumption data arising in the course of a NIC or NIA funded project can be requested by interested
parties, and the terms on which such data will be made available by National Grid can be found in our publicly available “Data
sharing policy related to NIC/NIA projects” and wmwnationalgrideso.com/innovation.

National Grid Electricity System Operator already publishes much of the data arising from our NIC/NIA projects at
wwwsmartemetworks.org. You may wish to check this website before making an application under this policy, in case the data which
you are seeking has already been published.



Foreground IPR

Presentation from the public webinar will be uploaded to the Smarter Networks Portal and the final report will be available upon
request.

Planned Implementation

The SHEDD project has been used to support the work carried out in WPD’s RIO-ED2 business plan, as well as inputting into
discussions within the E3C working group. The final shortlisted solutions (“Optimisation of LFDD relay settings’, “Disabling LFDD
relays during pover export’, and “Relocation of LFDD relays to lover voltages with disabling during pover export functionality’) can
be considered in any future development of the LFDD scheme, with the projects outputs able to assist in policy updates required.

Other Comments

The Project outcomes and results contain confidential information and intellectual property rights that cannot be disclosed in this
Report due to their proprietary nature. Should the viewer of this Report (“Viewer’) require further details this may be provided on a
case by case basis following consultation of all Publishers. In the event such further information is provided each and any
Publisher that owns such confidential information or intellectual property rights shall be entitled to request the Viewer enter into
terms that govemn the sharing of such confidential information and/ or intellectual property rights including where appropriate formal
licence terms or confidentiality provisions. Dependent upon the nature of such request the Publishers may be entitled to request a
fee from the Viewver in respect of such confidential information or intellectual property rights.

Standards Documents
Not applicable.
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