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Colm Murphy

Welcome and 
Introductions
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Purpose of today

No Subject Lead Time

1 Review Actions, Report Structure and Minutes Colm Murphy 10:00-10:30

2 Modelling Update Paul Wakeley 10:30-11:30

3 Locational Transmission Constraints Discussion and WAGLL Colm Murphy 11:30-12:00

4 Lunch - 12:00-12:30

5 Locational Transmission Constraints Discussion and WAGLL Colm Murphy 12:30-15:30

6 Summary and Next Steps Colm Murphy 15:30-16:00

• The purpose of the task force meeting today is to continue to develop the locational transmission 

constraints potential option as a task force 
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Deliverable

TF Work

Report

Engage

Programme Plan
Jan 19 Feb 19 Mar 19 Apr 19 May 19 ...

2nd TF 3rd TF1st TF 4th TF 5th TF 6th TF 7th TF 8th TF 9th TF

Current Potential
Feasible

Draft report
Final report

podcast

webinar

Other Event

Potential

Feasible

Current

review

1- TF 29Jan 2- TF Feb 3- TF Feb 4- TF Mar 5- TF Mar 6- TF Apr 7- TF Apr 8- TF May 9- TF May

• TF plan

• Currently: 

analysis 

actions

• Currently:

agree 

conclusion

• Potential: 

agree scope 

+ analysis 

actions

• Potential: 

progress 

analysis -

review 

options 

• Potential: 

finalise 

options and 

decide

progression 

towards 

Feasible

• Feasible: 

further 

analysis 

options

• Feasible:

agree 

conclusion all 

options

• Report: 

finalisation 

before 

consultation

• Report: 

comments

review and 

actions

• Final report + 

event

analysis

Task Force

Industry

NG ESO

analysis

criteria analysis Ad hod

reviewreviewreviewreview

draft draft draft draft draft draft

prep prep

prepAd hoc updates to CDB, mod panel, etc. Consult
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Action log (1)

No Action Owner Open/Closed

1 Come back to the next meeting with Information on 

whether a formal consultation process would follow the 

Task Force

Tim Aldridge Closed

2 Check if Terms of Reference refer to conflicting 

opinions and subsequent decisions

Mike Oxenham Closed

3 Ensure feedback received from the wider industry is 

taken on-board by Task Force

Sophie van Caloen Open/Ongoing

4 Give consideration to analysis, questions and data 

sets required and provide this to the taskforce where 

possible

All TF Members Open/Ongoing

5 Live Data Sets/Dashboards to be looked into Paul Wakeley Closed

6 Liaise with Elexon in regards to Data Provision Mike Oxenham Open/Ongoing

7 TF Members to feed in thoughts to MO on which 

data from Elexon may be helpful.

All TF Members Open/Ongoing
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Action log (2)

No Action Owner Open/Closed

8 All TF members to consider if they can help provide 

meeting spaces

All TF Members Open/Ongoing

9 Secretariat to confirm next meeting date Joseph Henry Closed

10 ESO to confirm arrangements for Alternates in case of 

TF member apologies

Joseph Henry Closed

11 Secretariat to distribute minutes to Task Force 

members for a short period of review to agreed 

wording in section 4 prior to publication

Joseph Henry Closed

12 NGESO to engage EUIG in regards to Task Force 

Feedback

Colm Murphy Closed

13 Lisa, Paul and Mike to agree who will liaise with 

Elexon on data available.

Lisa Waters , Paul Wakeley, 

Mike Oxenham

Open/Ongoing

14 Contact GP with a further explanation re: 

Embedded Wind and provide an update to the TF.

Paul Wakeley Open/Ongoing
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Action log (3)

No Action Owner Open/Closed

15 Update Terminology Definitions John Tindal Closed

16 Distribute Spreadsheet to Task Force Mike Oxenham Closed

17 Distribute Spreadsheet Template for Consideration John Tindal Closed

18 Secretariat to Organise WebEx for 21 March 2019 Joseph Henry Closed

19 Task Force Members to Populate Spreadsheet All TF Members Closed
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Engagement - Feedback

Feedback from previous engagements: 

• Frontier Economics - 14th March

Next engagements:

• Ops Forum – 26th March

• EIUG – 27th March

• TCMF – 10th April



Paul Wakeley

Future Markets Modelling 

Manager

Data Update 
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Updated dataset

We are continuing to 

update the dataset 

with more recent, 

and more granular 

information

This will refine the 

‘evidence’ about the 

current signal in the 

final report of the 

taskforce

Data up to 03/03/2019

New fields relating to Scottish Wind in particular

Continuing to mine existing data to obtain data in more 

granular ways

These slides:

• Comparing forecast and actual wind

• Wind vs Constraint Cost

• Interconnector Flows

• Summary Statistics

• (Average) Costs of Time
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Forecast vs Actual BMU Wind (national)
[Wind forecasts are two-day ahead forecast]

BMU Wind Forecast 

compared to BMU 

Wind Actual, 

has R2 = 0.85
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Forecast vs Actual BMU Wind (Scotland)

For Scotland

BMU Wind Forecast 

compared to BMU 

Wind Actual, 

has (lower) R2 = 0.63
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BMU Wind vs Non BMU Wind

We receive 

operational metered 

data for a small 

amount of embedded

wind farms. The rest 
we estimate and add 

to metered wind to get 

the total wind 

generation. 

For Scotland, R2 = 

0.82
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Total Actual Wind vs Total Constraint Cost

Total Scottish Wind

R2 = 0.166412

Total Wind

R2 = 0.196177
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Forecast BMU Wind vs Total Constraint Cost

Total Scottish Wind

R2 = 0.223748

Total Wind

R2 = 0.231656
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Summary Statistics

Mean     Median       S.D.        Min        Max

Constraints             22543       6293      40572     -6382.  7.306e+05

Positive_reserve 6408       1750      27113 -6.918e+04  1.884e+06

Energy_imbalance -2268.     -3910.      16623 -9.433e+04  4.450e+05

Negative_reserve 622.5      0.000       3144 -1.285e+04      79138

Frequency_control 2413       1244       3698 -1.126e+04      67102

Ramping                 3.407      0.000      313.1     -15.79      50791

Other                    1325      433.5       4411 -8.510e+04  1.613e+05

The cost data is highly skewd (compare Mean and Median), so and ±2𝜎 should be read 

with a ”pinch of salt”
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Component Costs averaged over time

Constraint costs 

have increased 

significantly in 

recent years
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Paul Wakeley

Future Markets 

Modelling Manager

Modelling:
A simple model 
for two-zone 
locational 
constraints 
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Towards locational constraints

To illustrate the 

effect, we have 

developed a “2 

zone” model to show 

effect of  charging 
constraint zonally.

Some initial observations from my work…

Constraint cost 

= f(cost of bidding of generator behind 

constraint x volume, cost of offering 

generating in front of constraint x volume)

Tariffs = f(constraints, chargeable volume)

Aside from everything else, can a market party be 

expected to know this in advance?

Does polluter pays model still fail? The generator 

causing a constraint, if bought off avoids the charge.

Does any of this give an economically rationale 

signal, or just targeted cost recovery. 
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Section 1: Equivalent “signal” Tariffs

The following 

calculate what the 

tariffs would be, in 

the absence of any 

action being taken 
by market parties. 

Section 2, deals with 

an assumed 

response and effect 

on tariffs.



21

A two zone model….

Model is indicative of the GB market, with data 

drawn (and smoothed) from an indicative actual 

data (06/01/2019 SP34)

Total cost: £125,000, 
of which £25,000 is constraints

Total Volume: 40,000 MWh

For comparison, assume that other costs are 

recovery in the same way as today (socialised, 
ex ante half-hourly charge).

Zone 1:

Generation: 6000 MWh

Demand: 1200 MWh

Zone 2:

Generation: 14000 MWh

Demand: 18800 MWh
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1. Status Quo BSUOS

Costs socialised over total volume in half-hour

£125,000 / 40,000 MWh = £3.125 /KW

Tariff applies to all parties equally

Zone 1:

Generation: 6000 MWh

Demand: 1200 MWh

Zone 2:

Generation: 14000 MWh

Demand: 18800 MWh

Tariff

Z1 Gen 3.125

Z1 Dem 3.125

Z2 Gen 3.125

Z2 Dem 3.125

Boundary Flow 

4800MWh
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2. Target Constraint Cost to
Z1 Gen behind the constraint

£25,000 charging to 6000 MWh of Z1 Gen

= £4.17/MWh

Remaining £100,000 / 40,000 MWh = 

£2.50/MWh, charged equally to all parties 
including Z1 Gen.

Zone 1:

Generation: 6000 MWh

Demand: 1200 MWh

Zone 2:

Generation: 14000 MWh

Demand: 18800 MWh

Tariff

Z1 Gen 6.67

Z1 Dem 2.50

Z2 Gen 2.50

Z2 Dem 2.50

Boundary Flow 

4800MWh
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3. Target Constraint Cost to
Z1 Gen and Z2 Dem

£25,000 charged to 6000 MWh of Z1 Gen and 

18800MWh of Z2 Dem

= £1.01 /MWh

Remaining £100,000 / 40,000 MWh = £2.50/MWh 
charged equally to all parties

Zone 1:

Generation: 6000 MWh

Demand: 1200 MWh

Zone 2:

Generation: 14000 MWh

Demand: 18800 MWh

Tariff

Z1 Gen 3.51

Z1 Dem 2.50

Z2 Gen 2.50

Z2 Dem 3.51

Boundary Flow 

4800MWh
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4. Target costs at Z1G/Z2D, and 
credit same tariff to Z2G/Z1D

£25,000 charged to 6000 MWh of Z1 Gen + 

18800MWh of Z2 Dem = £1.01 /MWh, recovering 

£25000

14000MWh of Z1 Gen, and 1200MWh of Z2 Dem 

are credited at £1.01/MWh, costing £15322

Note: This doesn’t guarantee “correct” recovery 

of the constraint cost, so credit needs to be  

socialised.

So Total – Constraints + Credit to be recovered = 
125000 – 25000 + 15322 = £115322 = 

£2.88/MWh, applied to all parties equally

Zone 1:

Generation: 6000 MWh

Demand: 1200 MWh

Zone 2:

Generation: 14000 MWh

Demand: 18800 MWh

Tariff

Z1 Gen 3.89

Z1 Dem 1.86

Z2 Gen 1.86

Z2 Dem 3.89

Boundary Flow 

4800MWh
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5. Target cost of Z2 Demand 

£25,000 charged to 18800 MWh of Z2 Dem 

= £1.33/MWh, recovering £25000

Remaining £100,000 / 40,000 MWh = £2.50/MWh 

charged equally to all parties

Zone 1:

Generation: 6000 MWh

Demand: 1200 MWh

Zone 2:

Generation: 14000 MWh

Demand: 18800 MWh

Tariff

Z1 Gen 2.50

Z1 Dem 2.50

Z2 Gen 2.50

Z2 Dem 3.82

Boundary Flow 

4800MWh
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6. Target cost of Z2 Demand, plus
credit Z1 Demand same tariff

£25,000 charged to 18800 MWh of Z2 Dem 

= £1.33/MWh 

1200MWh of Z1 Dem are credited, costing £1595

Note: This doesn’t guarantee “correct” recovery 
of the constraint cost, so credit is socialised.

So Total – Constraints + Credit to be recovered = 

125000 – 25000 + 1595 = £101595, which across 

40000MWh = £2.54/MWh

Zone 1:

Generation: 6000 MWh

Demand: 1200 MWh

Zone 2:

Generation: 14000 MWh

Demand: 18800 MWh

Tariff

Z1 Gen 2.54

Z1 Dem 1.21

Z2 Gen 2.54

Z2 Dem 3.87

Boundary Flow 

4800MWh
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Comparison of Prices under the scenarios

1. Status Quo

2. Target Z1 Gen

3. Target Z1 G and Z2 D

4. Target costs of 

Z1G/Z2D, and credit 

same tariff to Z2G/Z1D 

5. Target Z2 Demand

6. Target Z2 Dem and 

credit same tariff to Z1D

 -

 1.00

 2.00

 3.00

 4.00

 5.00

 6.00

 7.00

1 2 3 4 5 6

BSUoS Prices under Different Scenarios

Z1G Z1D Z1G Z2D
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Section 2: Tariffs after some assumed market response

The following show 

how the tariffs 

change, based on 

some “response” to 

the variation seen in 
zonal tariffs as a 

result.

Looking at here 

whether this is 

enough to drive a 
market response
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1. Status Quo BSUOS

There is no signal for any particular zone to 

behave, so assumed zero response to the cost of 

constraints.

Zone 1:

Generation: 6000 MWh

Demand: 1200 MWh

Zone 2:

Generation: 14000 MWh

Demand: 18800 MWh

Original Tariff Tariff after 

market response

Z1 Gen 3.125 3.125

Z1 Dem 3.125 3.125

Z2 Gen 3.125 3.125

Z2 Dem 3.125 3.125

Boundary Flow 

4800MWh
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2. Target Constraint Cost to
Z1 Gen behind the constraint

The higher tariffs for Z1 Generators, causes a 

drop in Z1 generation and an increase in Z2 

generation to keep the system balanced.

Assumed that (10%) 600 MWh of generation 

moves from Z1 (now 5400MWh) to Z2 (now 
14,600MWh) and this reduced constraints 

costs from £25k to £15k, as border flows 

reduces

Effect is to reduce Z1 Gen Tariffs 
from £6.67/MWh to £5.28/MWh

Zone 1:

Generation: 6000 to 5400MWh

Demand: 1200 MWh

Zone 2:

Generation: 14000 to 14600MWh
Demand: 18800 MWh

Original Tariff Tariff after 

market response

Z1 Gen 6.67 5.28

Z1 Dem 2.50 2.50 

Z2 Gen 2.50 2.50 

Z2 Dem 2.50 2.50 

Boundary Flow 

4800MWh

To 4200MWh
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3. Target Constraint Cost to
Z1 Gen and Z2 Dem

The higher tariffs for Z1 Generators and Z2 

Demand, causes a drop in Z1 generation and Z2 

demand. 

Assumed that (10%) 600 MWh of Generation 

reduction, is met by reducing Z2 demand to 
18200MWh and this reduces constraints costs 

from £25k to £15k.

Effect is Z1G and Z2D Tariff reduce 

from £3.51/MWh to £3.19/MWh, but other 
tariffs increased by 6p/MWh as lower 

overall volumes

Zone 1:

Generation: 6000 to 5400 MWh

Demand: 1200 MWh

Zone 2:

Generation: 14000 MWh

Demand: 18800 to 18200 MWh

Original Tariff Tariff after 

market response

Z1 Gen 3.51 3.19

Z1 Dem 2.50 2.56

Z2 Gen 2.50 2.56

Z2 Dem 3.51 3.19

Boundary Flow 

4800MWh

To 4200MWh
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4. Target costs at Z1G/Z2D, and 
credit same tariff to Z2G/Z1D

The higher tariffs for Z1 Generators and Z2 

Demand causes a decrease in both.

The lower tariff in Z1 Demand and Z2 Generation 

causes an increase in both.

Assumed all changed are 600MWh, but that 
constraint is now £10k as effect 

over the boundary is double compared to 

previous options

Effect is Z1 Gen / Z2 Demand tariffs 

reduce, but (as it is the same tariff 
credited)  Z1 Dem and Z2 Gen are 

“penalised” for doing the right thing 

through a higher tariff

Zone 1:

Generation: 6000 to 5400 MWh

Demand: 1200 to 1800 MWh

Zone 2:

Generation: 14000 to 14600 MWh
Demand: 18800 to 18200 MWh

Original Tariff Tariff after 

market response

Z1 Gen 3.89 3.10 

Z1 Dem 1.86 2.25 

Z2 Gen 1.86 2.25 

Z2 Dem 3.89 3.10 

Boundary Flow 

4800MWh

To 3600MWh
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5. Target cost of Z2 Demand 

The higher tariffs for Z2 Demand causes a 

600MWh reduction, met by reduction in Z1 (to 

5820)  and Z2 generation (to 13580) in proportion 

to original.

However, this means only slightly reduced flow 
over the border, as no signal to affect generation 

in the right zone. Assumed constraints costs

only reduces to £20k.

Effect is Z2D tariffs decreases, but 
constraints not fully removed as no 

way to target where generation 

reduction comes from.

Zone 1:

Generation: 6000 to 5820 MWh

Demand: 1200 MWh

Zone 2:

Generation: 14000 to 13580 MWh
Demand: 18800 to 18200 MWh

Original Tariff Tariff after 

market response

Z1 Gen 2.50 2.58

Z1 Dem 2.50 2.58 

Z2 Gen 2.50 2.58 

Z2 Dem 3.82 3.68

Boundary Flow 

4800MWh

To 4620MWh
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5. Target cost of Z2 Demand, plus
credit Z1 Demand same tariff

The higher tariffs for Z2 Demand, causes a 

600MWh reduction, but the lower tariff in Z1 

Demand sees an increase of 600MWh

Assumed that the reduced constraints costs 

moves from £25k to £10k as border flow lower

Effect is Z2D tariffs reduces from 

£3.87/MWh to £3.36/MWh, but Z1 

Demand tariffs increases by 50p/MWh 

for “doing the right thing”.

Zone 1:

Generation: 6000 MWh

Demand: 1200 to 1800 MWh

Zone 2:

Generation: 14000 MWh

Demand: 18800 to 18200 MWh

Original Tariff Tariff after 

market response

Z1 Gen 2.54 2.54

Z1 Dem 1.21 1.71

Z2 Gen 2.54 2.54

Z2 Dem 3.87 3.36

Boundary Flow 

4800MWh

To 4200MWh
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Effect of (an assumed) Market Action

Change 

£/MWh in 
Zonal Tariffs

1. Status Quo
2.Target Z1 

Gen

3.Target Z1 

Gen and Z2 
Dem

4.Target 

Z1G/Z2D, 
credit Z1D/ZG

5.Target Z2 

Demand

6.Target Z2D, 

CreditZ1D

Z1 Gen - -1.39 -0.30 -0.79 0.08 -

Z1 Dem - - 0.08 0.38 0.08 0.50

Z2 Gen - - 0.08 0.38 0.08 -

Z2 Dem - - -0.30 -0.79 -0.15 -0.51

Change in 

Volume MWh

Z1 Gen 0 -600 -600 -600 -180 -

Z1 Dem 0 - - +600 - +600

Z2 Gen 0 +600 - +600 -420 -

Z2 Dem 0 - -600 -600 -600 -600

Change in 

Border Flow
0 -600 -600 -1200 -180 -600

Assumed 

(reduce) 
constraint 

£25k £15k £15k £10k £20k £15k
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Section 3: Further Observations
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Toward the real world – more complexity 

• To resolve a C1 constraint action will typically a generator will 

bid in Z1, and offered in Z2 or Z3,

• But…. If there is a constraints at C2, the ESO might not be 
able to access the marginal generator in Z3, so must take 

the more expensive generation in Z2.

• In another example, an out of merit generator may be taken in 

Z2 as it also resolves (in an efficient way) a voltage or thermal 
constraint as well.

• It is not obvious how the previous options extend to a 3 or 

more zone world.

• Market Parties won’t have visibility of this level of system 

operation in real-time, but if affects the constraint price.

Zone 1

Generation > Demand

Zone 2:

Demand > 

Generation Zone 3

C1

C2
You could construct an economic signal about constraints 

(c.f incremental flow in TNUOS), but doesn’t TNUoS

already do (some of) that?



nationalgrideso.com

National Grid ESO, Faraday House, Warwick Technology Park, 
Gallows Hill, Warwick, CV346DA



Colm Murphy

Locational 
Transmission 
Constraints 
Discussion and 
WAGLL
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Possible Assessment Approach

- Variant Lead
Practical & 

proportionate

Cost-

reflective

Effective

signal

Consumer 

needs

Competition / 

innovation
Future-proof

A Gen&Dem Caroline B

B Dem Laurence B

C Gen Grace S

D Incr. Dem Mike O

E Surge Pricing Tom E

F Assistance v1 Graham P

G Assistance v2 Graham P

H LRMC Grace S

I TO George M

J Imbalance Tom E

➢ Objective: for each variant and for each criteria:

• discuss the advantages/limitations/overcoming limitations

• agree on a RAG status
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Or, we can come up a level and first amend the format

For example, rather than having strawmen at this stage we categorise as follows and then assess against 

the evaluation criteria prior to providing a RAG status:

When is the price signal provided:

- Ex-Ante

- Ex-Post

Who pays the price signal:

- Generation

- Demand

- Both Generation and Demand

(etc)



Colm Murphy

Summary and 
Next Steps
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Approach for 3 other Potential Options

Locational Transmission 

Constraints

Locational Reactive and 

Voltage Constraints

Response and Reserve 

Bands

Response and Reserve 

Utilisation

For example, if in ‘Zone A’ 

there are transmission 

constraint costs being 

incurred across a particular 

boundary then those costs 

could be allocated to those 

specific parties behind the 

constraint and generating 

(or not taking demand) at 

the time of the constraint.

For example, if in ‘Zone B’ 

there is a voltage issue and 

costs are incurred resolving 

that voltage issue due to 

reactive power absorption 

payments then those costs 

will be recovered from those 

in ‘Zone B’ who are 

contributing to the need for 

reactive power absorption.

For example, if analysis has 

shown that an extra ‘X’ MW 

worth of response has been 

procured to continue to 

protect system frequency due 

to the largest loss then the 

costs of this additional 

response could be paid by 

those connections in the new 

range, or by those who are 

exacerbating the issue. 

For example, a frequency 

service is automatically 

utilised for frequency support 

due to the trip of a generator 

so the costs associated with 

service utilisation are paid for 

specifically by the generator 

which tripped and caused the 

frequency issue at that time, 

whereas those other related 

costs are then treated as a 

cost-recovery charge.
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Task Force - Future Meeting Dates

Date Time Location

Monday 8 April 10am – 4pm TBD

Wednesday 24 April 10am – 4pm TBD

Tuesday 7 May 10am – 4pm TBD

Thursday 23 May 10am – 4pm TBD

- Each group to create potential option spreadsheet by COP Friday 29th March

- Each group to populate spreadsheet for their potential option by COP Friday 5th April

- Each group to playback their potential option at TF6 on Monday 8th April

If you have further views please contact ChargingFutures@nationalgrid.com. 


