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Market Products in the GB System

Constraints Other (e.g.
SUIERSER; Headroom

thermal
Imbalance (voltage SpinGen etc.)
management other)
\ Restoration / Footroom

Constraints

Day-ahead
Intraday < Operating reserve L d
(incl. Balancing
Reserve)
Power Stability
futures markets Static (incl.
Bespoke Static
Recovery)
Day-ahead + : Value Ancillary Fi"n?es? &
streams in SErvices > ,  Dynamic
) Regulation
Intraday < the GB
electricity Mandatory
market Freq. Resp.
Forwards Other
value Dynamic
streams containment Dynamic
Contracts moderation
for
difference
Quick
reserve
Renewable Obligator Enhanced
Obligation Reactive R
Power Service Power Service
Slow
Regulated
Asset Base Future services Fast reserve USSR G
Grants & Distribution Transmission STOR
other
AFRY
nationalgrid
01/12/2025

Edit this text via Insert > Header and Footer

Imperial College London



Incentives and Grid codes

T « What mechanisms are currently being
LICENSE . ULA 3 ‘ REGULATORY SPOT MARKETS CONSTRAINTS AND
conpiTions I} OBLIGATIONS  Jf  DELEGATIONS INTERVENTION adopted or proposed by system operators

to enhance the provision of system

Mandatory conditions imposed on Regulatory obligations on Delegations to independent Creation or expansion of spot _Direct_qperator intervention or the . .
Siniuct b sysanaiccas 1|  rovce systom sorices, ster 0 source services viaoies”  [ENIRIREERREERIN o osa dpach s services from the supply side?
through rec%l:‘l‘i:tac;rtymsgelf-buﬂd or contrac:ggﬁc:’rn ggamzed ahead or real-time timeframe maintain a secure envelope.
: * What are the benefits and challenges of
it b o1 s sy S ety Fosrpsaan e seuncmvaneans approe_lches hinged on incentives, market
and grid codes?
w‘%’“ Min. inertia (NEM) m‘mﬁ“ mm Residual unit commitment
Mandatory reserves (Spain) Pot rd formation Pathinder stabity auctons (UK) e OQUeNCY €S8 - et nervention  drections * How can we enhance existing metrics for
e e e different services to support the
requirements (NEM) (UK)
markets?
Obligatory reactive power services DS3 system services tender
(UK) (Ireland)
Enhanced reactive power services
(UK)
MVaR services tender (Belgium)

Source: authors, compiled from EU-Sysflex (2019); Rebours et al. (2007); Zhou et al. (2016)
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Classification of System Needs

By operational areas

Core to the overall gaps in power
system operation from the system
operator point of view
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Classification of System Needs

By delivery timeframe

Vital for analysing the dynamic
evolution of services requirements
during various operational events
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Dynamic Evolution in the UK stability needs

O'r;\hn

December 2019

- Large growth in stability need
D Medium growth in stability need

G Small growth in stability need

Detailed need specified in
pathfinder project

West and West
Midlands — Large
Growth but zero
requirement in the

Phase 3 tender

East of England -

Small Growth (lowest

in the country) but
second highest

requirement in the
Phase 3 tender

October 2021

A e o by S b it &
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Source: https://www.ofgem.gov.uk/sites/default/files/2021-12/Statkraft%20part%201.pdf
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Impact of FFR services on angular stability
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Source: "Effects of inertia distribution on regional frequency heterogeneity":
Porformance https://www.sciencedirect.com/science/article/pii/S0378779624002281
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Impact of inertia distribution on frequency heterogeneity
FFR and inertia

Impact of inertia distribution on frequency
heterogeneity during an underfrequency disturbance

event

* Disturbance in Area 1

» Increasing the quantity of inertial energy within the
disturbance area is advantageous and improves the
system performance.

« Conversely, providing the synthetic inertia services
within the non-disturbance area would risk the

system stability
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Impact of FFR: (a) derivative scheme impacts on frequency heterogeneity; (b)

comparison between different FFR schemes on alleviating frequency heterogeneity.

Z.Zhang and R. Preece, "Effects of inertia distribution on regional frequency heterogeneity," 13th Mediterranean Conference
on Power Generation, Transmission, Distribution and Energy Conversion (MEDPOWER 2022), Hybrid Conference, Valletta,

Malta, 2022, pp. 29-34, doi: 10.1049/icp.2022.3299.

12

01/12/2025



Impacts of active and reactive power interactions on a planning timescale
Market clearingimpacts

Base case: No transient security constraints. Only MG static islanding constraints
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Quantifying system services: Coupling Effects in Service Delivery

How does the heterogeneous distribution of service provision affect the fulfilment of power system’s
needs?

How can we account for the existing couplings to ensure reliable quantification and provision of system
services?

* Dimensionality of system services
« Physical couplings in different stability groups
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Quantifying system services: Interactions and Metrics
How can we improve system metrics to aid in the quantification and optimisation of service
provision?

» What constitutes appropriate metrics for effectively quantifying power
system services across the planning and operational timeframes?

Increasing
complexity

* How can these metrics be formulated to maintain conceptual simplicity
while rigorously reflecting the system’s underlying physical dynamics
particularly within operational timeframes?

Physics

* How can the physical characterisation of these services be translated into S5 ?
actionable requirements for market design and or grid code compliance? increasing A
applicability Q@ 6 ®
"""""" : iy
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Framework for System Services Study

How do services evolve?

» Behavioural changes = Changes in dynamic and steady state characteristics of the system
» Support gaps = Lack of voltage and frequency support

* How do we ensure there exists sufficient capability in the system to satisfy these gaps as the power

system evolves?

Services
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Ecosystem of system services

= |Inertial response
= Frequency containment
Services = Voltage containment
(technical requirements) = Reactive power regulation
= System strength
= Fault ride through, etc. ...

= Observability and controllability

» TSO-DSO and or TSO-TSO coordination
* Metrics

» Modelling, planning, and system studies
* Incentives and regulation, etc..

Operational enablers

» Synchronous generation

* Non-synchronous generation

* Demand-side support
Technology enablers = HVDC

» Synchronous condenser

= Storage

= etc. ...

Imperial College London Edit this text via Insert > Header and Footer 18 01/12/2025



Classification of System Needs

By spatial need
Regional
Accounts for the influence of
technology mix, technology siting, and
the resulting interdependencies
between services
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Source : https://www.esig.energy/event/webinar-grid-stability-services/
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