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K[ KL&R59, &:

Generation Models — Overall Process Flow

Generator Scenario Dispatch Data

» Dispatch Instructions to test
»  Existing Physical Notifications (PNs)
for given period

For each generator...
(“To accurately predict generators response to dispatch instructions under a variety of scenarios”)

Scenario Input Data

» Etc.

Forecasted Additional Information
Weather

Evaluation of input data quality
and correlation to help inform pre-
processing logic steps.

ﬂ) Data Quality /
Correlation Analysis

s \x
Training Input Data Y Pre-Processing Logic

Supervised learning algorithm —
consider target variable definition,
train/validate/test data split etc.

A=} Model Training

Historic Generator Data (1-3 years) » Data Cleaning
> Generator Offer Data > Missing Data Handling Ongoing evaluation
> Production Fgfr_eca_st Data : E)Ea?:tau;reaieslfe;rt::: and retraining
(;:E\:Is;?vl ::Eo:ln ::;n:;st i(oPr:s), > Feature Engincering Perf?rmance' through continuous
(FPNs) etc.) »  Dimensionality Reduction Evaluation Metrics stream of data
»  Instructed MW output - FEtc (adaptive)

»  Actual MW output e.g., For generator classification, Macro /

Additional Information (1-3 years) Weighted average of

>  Weather »  Accuracy

» Generator Conditions »  Precision

» Total System Demand > Recall

» Binding Transmission ’ F1-Score

Constraints » Hec

’ Dispatch State For predicted MW regression calculations,

s Be ¥ Mean Squared Error (MSE)
» Root Mean Square Error (RMSE)
» Mean Absolute Error (MAE)
» Etc.

¥,

(Y

Generator Conditions

Total System Demand

Binding Transmission Constraints
Dispatch State

Etc.

Pre-Processing/

Cleanlng

Trained “Correct, enhance and
create generation input

Model g P

data”

m Probabilistic Output

Scenario testing capability:
“Probabilistic response trajectory for a
generator over current & upcoming
operating period”

Corrected Static Data

e.g., MW limits, ramp rates etc.
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Levels
Final Flag
Dispatch Scenario Instructions
PK | DispatchScenariolD

Forecast Generator Conditions
FK | GenTimelD

PK | GenForecastiD
Instructions

OH FK | GenTimelD
Time and Generator Key Info

Condition Forecast
PK | GenTimelD

FK | GenlD

Time Interval

Forecasted Transmission Constraints
Generator Information

PK | ConstraintID

PK D Weather Forecasts
—O0¢ FK | GenTimelD
G tor T PK
enerator e
b ) Constraint Type
Locati Time Interval o
ocation 90—‘
Quantitative Impact
Location
Temperature
UV Levels
Wind Speed
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Historic Generator Offer Data
Historic PNs
PK | GenOfferlD
PK | PNID
09 FK | GenTimelD
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BOD
Profile
Price offers
Historic Generator Output PN Number
Levels
PK | GenOutputiD Final Flag
FK | GenTimelD
Instructed MW output Historic Generator Conditions
Actual MW output PK | GenCondID
OH FK | GenTimelD
Time and Generator Key Info (Historic)
Condition
PK | GenTimelD H
FK | GenlD

Time Interval

Historic Transmission Constraints

Generator Information

PK | ConstraintlD

Historic Weather

PK niD

—04 FK | GenTimelD

PK | WeatherlD

Generator Type

Constraint Type
Time Interval

Location
. Quantitative Impact
Location

Temperature

UV Levels

Wind Speed
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K\ KL8R59, &:

Transmission Model — Overall Process Flow

(“To develop a set of prioritised transmission constraints (thermal, contingency, voltage and stability)”)

! Potential TO Ownership

» Wind Speed [ Direction,

1

1

. 1
Calculation of short Temperature, Humidity |
1

1

1

I

1
1
1
| and long-term dynamic
1
1
|

Dynamic Line Rating == Line Rating Input i
’ ; . -— » Material
line ratings based upon =2 Calculation Model -— Data > Height ofline above
forecasted data ground

» Conduction Direction

~— Constraint
-— a0 . .
weo ' Live” Input Data T Pre-Processing / Cleanin . .
- P g/ g Calculation Logic
Transmission Facility Loading Trends #» Data Cleaning #»  Evaluates the rate of change of
(past few hours) » Missing Data Handling actual and expected flow versus
> Expected Flow » DataTransforms forecasted dynamic limit
> Actual Flow » Etc
»  Limit (based on Dynamic Line
Ratings)
Forecasted Loading Data Performance

»  Limit (based on Dynamic Line

! Evaluation Metrics
Ratings)

Evaluation of input data
quality to help inform
pre-processing logic
steps.

Data Quality

Analysis

PN

// \\‘
Training Input Data Y Pre-Processing Logic

“Correct” Strategy Decisions under
certain constraint conditions

'IHI' Model Training

Data Cleaning

Missing Data Handling
Feature Selection

Data Transforms

Feature Engineering
Dimensionality Reduction

Active Constraints

» Ordered list of
active
transmission
constraints for
time period in
question

.

Additional Pre-
ocessing / Cleaning

Rule-based Resultant

W,
Ongoing evaluation

and retraining
through continuous
stream of data
(adaptive)

“Suggests control
strategies to
mitigate the severity
and cost of the
managing
constraint”

Strategy Model

¥ Grouped, ranked, and
prioritised active
transmission constraints

» Resultant control strategy

Y VY VY YY

Etc.

suggestions
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| Dynamic Line Rating Inputs

Static Line Properties
H#| PK | LinelD H }
Weather
Material
PK | WeatherRecordID
Height of Line
Time Interval
Location |
| Temperature
Operational Status o
Humidity
PK | OpID
Wind Speed |
i P | Li
| LinelD Wind Direction
Time Interval
| Conduction Direction |
- = — = = |
— — — — — — — — — — — —_
| Recent ("Live") Loading Trends
Time and Line Key Info |
—H PK | LineTimelD.
| Recent Dynamic Line Rating Output
FK nelD
| Recent Expected Flow Time Interval K | LineT D Line Rating
PK | ExplD - Calculation v
Line Rating (Recent Historic) Line Rating
FK | LineTimelD ?
Associated Limit Calculation
| Expected Flow Recent Actual Flow fs’}__'z’rt ::)rm
. PK | ActiD |
I Ll F | LineTimelD
Actual Flow | Forecasted Dynamic Line Rating Output
B PK | FutureDynLineRatiD
| J FK | LinelD p—
Future Time (Granularity TBC)
Line Rating
Associated Limit
Constraint
Calculation
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Thermal Constraints

Input Data Model Functionality

Local Network
=t Characteristics
“BA*  Relatively Static

(e.g., size of cables,
type of cables etc.)

Scenario Building

‘ Weather "

Network Configuration

Dynamic

o) (e.g., TO / DNO outages, voltage
control circuitsin / out, internal

m HVDC flow settings, quad booster
tap positions, intertrip in / out,
substation configuration etc.)

Generation, Demand, and
Interconnector Forecasts

? System Operating Plans
X| (Energy and Transmission)

Note: Line ratings are dictated by the
e |\N~ (Dynamic) Line Ratings | T0Os. Asa result, the form of these is

not controlled by ESO.

! Optimiser Input
Intertrip arming decisions, QB tap
Power Flow Modelling position decisions, constraint

groups and constraints (circuit
level) as input for the optimiser

Post-Event Validation Process

—~ After the event: validate if
Kt) constraint predictions were valid
and support continuous

improvement

Optimiser Run including
Thermal Constraints
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Generator Stability Constraints

Input Data Model Functionality Assumption: In the case of an actual

event, there will be a separate
investigation outside of the balancing
process. No post event analyses are
therefore included within the model.

Local Network

. Characteristics
Relatively Static

(e.g., size of cables,
type of cables etc.)

Scenario Building

e Faults

Optimiser Input
Constraints as input for the
optimiser (e.g., must run unit at
given MW level)

Network Configuration

Dynamic

o) (e.g., TO / DNO outages,
substation configuration, SSSC

m modes, TCSC / series capacitors /

| |
| 1
I 1
| |
| |
| |
| 1
I 1
| ]
: : Optimiser Run including
| |
| 1
1 1
| |

2l 1

Pl ASACS in / out, intertrip in / out |

H 1
I 1
| 1
| |
| |
| 1
| 1
I 1
| |
| |
| 1
| 1
1 T
I 1
I 1

Generator Stability
Constraints

Power Flow Modelling

etc.)

Generation, Demand, and
Interconnector Forecasts

? System Operating Plans
X| (Energy and Transmission)

C, (5@5! 160, 66 hD&R1EBUEL 5@PL7G #5 !/, I7XK6
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Voltage Constraints

Input Data Model Functionality

Assumption: Inthe case of an actual
event, there will be a separate
investigation outside of the balancing
process. No post event analyses are
therefore included within the model.

Local Network

= Characteristics
Relatively Static
(e.g., size of cables,
type of cables etc.)

Generator

F
Characteristics
Il‘_ (e.g., reactive

power capability)

Scenario Building

Voltage Profile

Not too variable
Intended voltage based on

Optimiser Input

forecasted demand Power Flow Modelling Constraints as input for the Optimiser Run including
or Rule-Based Logic optimiser (e.g., run two out of five Voltage Constraints
units)

Network Configuration

Dynamic .

m (e.g., outages, repair, switching, |
m voltage control circuitsin / out, :
capacitor / reactor in / out, \
substation configuration etc.) :
1

1

1

1

it‘_T System Operating Plans
X | (Energy and Transmission) |

C, (Ba@5/ 160, 66 h82/ J@Fa&6 75! , 176
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RoCoF / Inertia / Largest Loss Constraints

Assumption: In the case of an actual
event, there will be a separate

Input Data Model Functionality

S investigation outside of the balancing
-, Network Model Gene_rat.or process. No post event analysesare
>< m Characteristics therefore included within the model.
(e.g., inertia
power)
Fault Understanding
(e.g., understanding of potential
faults and associated tripping
effect on generation)
Contract Information
=] (e.g, understanding of which
x= units are able to provide Optimiser Input Optimiser Run including Largest
reserve] Power Flow Modelling Constraints as input for the Loss Constraint that considers
optimiser (e.g., largest loss) correct reserve (and inertia)

Largest Demand Loss

Largest Generation Loss

? System Operating Plans
X| (Energy and Transmission)

e
[
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Interconnector Models — Overall Process Flow

(“To create predictive models of interconnector flows”)

Evaluation of input data quality
and correlation to help inform pre-
processing logic steps.

'@ Data Quality /
Correlation Analysis

N
, ~

e ~
s, ~
e ~
e ~
e ~
s ~

Interconnector Scenario Data

#» Real-time power flows on
transmission interconnectors

Scenario Input Data

»  Scheduled interconnector flow
trends

Forecasted Market Data

Supervised learning algorithm —

#» Forecasted GB power market
conditions

»  Forecasted foreign power market

conditions

Y Pre-Processing/
Cleaning

consider target variable definition,

train/validate/test data split etc.

’I \x
Training Input Data Y Pre-Processing Logic

'll—ll- Model Training

“Analyse information
using advanced data
analytics and digital

Trained
Model

Historic Interconnector Flows

» Data Cleaning
»  Scheduled interconnector ” Missing Data Handling
flow trends #  Feature Selection
¥ Actual interconnector flow ’ Data Transfa.)rms.
trends »  Feature Engineering
» Dimensionality Reduction
Historic Market Data > Etc.

»  GB power market conditions
»  Foreign power market
conditions

Performance
Evaluation Metrics

e.g., For classification,
»  Accuracy

Precision

Recall

F1-Score

Etc.

YOV VOV

For predicted flow regression calculations,

» Mean Squared Error (MSE)
Root Mean Square Error (RMSE)
Mean Absolute Error (MAE)

Etc.

Y OV VW

|
’& J technologies”
Ongoing evaluation
and retraining
through continuous
stream of data
(adaptive)

m Probabilistic Response

Scenario testing capability:
“Probabilistic response model and

trajectory for the interconnector flows
under a variety of scenarios”
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Scheduled Interconnector Flows

Real-time Interconnector Flows PK | SchedIntFlowlD
PK | RTIntFlowlD FK | IntTimelD
g FK | IntID Scheduled Flow Profile

"Real-time" flow records

Time and Interconnector Key Info
Forecasted GB Market Data
PK | IntTimelD
Interconnector Information PK | MarForecastiD
FK | IntID
—+ PK | IntlD 'H—,_OG _J—H- Time Interval
. Time Interval BO— i
FK | EoreignMarketlD po— Forecasted Prices
Interconnector Type Additional Info
Location
Linked Foreign Market Info
Foreign Market Information

Forecasted Foreign Market Data

H ForeignMarketID H—
= PK | ForeignMarForecastIiD

Foreign Market Name \O(
FK | EoreignMarketlD

Market Information

A

Time Interval

Forecasted Prices

Additional Info
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Deterministic Regression

Predicting a single numerical value (or
profile from a series of points) for actual
flow across the different interconnectors for
each half-hour interval, given a set of input
conditions.

Deterministic Classification

Predicting a single class (group) value for
actual flow across the different
interconnectors for each half-hour interval,
given a set of input conditions.

Regression

Giving a probability distribution across
numerical values for actual flow across the
different interconnectors for each half-hour

interval, given a set of input conditions.

Classification

Giving a probability distribution across
class (group) values for actual flow across
the different interconnectors for each half-

hour interval, given a set of input

conditions.
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DER Scenario Dispatch Data

DER Models — Overall Process Flow L ementons (7

for given period

» Etc.
For each resource / resource group... = o Inbut Dat -
(“To accurately predict the resource’s response to dispatch instructions under a variety of scenarios”) = >cenario input Vata | Forecssted Ad:'tm"a' Information
»  Weather
Resource Conditions
. . . Total System Demand
Evaluation D.f input data. quality Binding Transmission Constraints
and correlation to help inform pre- X
. . Dispatch State
processing logic steps.
Etc.
@ Data Quality /
Correlation Analysis Y Pre-Processing/
Cleaning
/ \ Supervised learning algorithm —
Pie . consider target variable definition,
/' \\ train/validate/test data split etc.

“Correct, enhance and

u
Training Input Data E T Pre-Processing Logic A= Model Trainin Trained create distributed
° 8o & P Model energy resource input
data”
Data Cleaning KJ

Historic DER Data (1-3 years) g
» DER/ DER Group Offer Data > Missing Data Handling Ongoing evaluation
»  Production Fofrecast Data : EZ:;U;faiilfe::ﬁs” and retraining
(Physical Notifications (PNs), / X i Performance ]
Final Physical Notifications »  Feature Engineering . . through continuous
(FPNs) etc.) > Dimensionality Reduction Evaluation Metrics stream of data
»  Instructed MW output ~ Ec (adaptive)
»  Actual MW output e.g., For resource classification, Macro / L 4

Additional Information (1-3 years) Weighted average of

>  Weather »  Accuracy ||||. Probabilistic Output

Resource Conditions ’ ;reu;lon
» Total System Demand : Fi—cgcore : - .
»  Binding Transmission > Ete Scenario testing capability:
Constraints ) “Probabilistic response model and
» Dispatch State For predicted MW regression calculations, trajectory for the resource over the
» FEtc. » Mean Squared Error (MSE) current & upcoming operating period”
» Root Mean Square Error (RMSE) Corrected Static Data
» Mean Absolute Error (MAE) -
¥ Etc. e.g., MW limits, ramp rates etc.
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Resource Offer Data

Existing PNs
PK | ResOfferlD
PK | PNID
o4 FK | ResTimelD
FK | ResTimelD pPo—
BOD
Profile

Price offers

Current Flag

Levels

Final Flag

Dispatch Scenario Instructions
Pk | Di hs iolD
FK | ResTimelD

Forecast Resource Conditions

PK | ResForecastiD
Instructions

O+ FK | ResTimelD

Time and Resource Key Info

Condition Forecast

PK | ResTimelD

FK | ReslD

Time Interval

Forecasted Transmission Constraints

Resource / Resource Group Information

PK | ConstraintID

Weather Forecasts

PK | ResID

——o04 FK | ResTimelD

PK | EorecastiD

Resource Type

. Constraint Type
] Time Interval
Location L
. Quantitative Impact
Location

Temperature

UV Levels

Wind Speed

C, (85%BO2%&%VB, ! 03/ & 9, &: 2' %! 7! 02%&/ '25 6%&1!/5, 2

Q+,6 02%&/ &; &03/ ,A&6 7+& 5&/ 17,216+, 36 #&7: &&1
351/$7,8%!/ 9, &: 'e 72 21& :!'< 7+& &1% 9,6, 21 %! 7!

>6 !'1 &;!03/&n 7+& %, 63!7%$+ 6%$&1!5,2 ,1B57&8B%$7, 21
9,! I &< 72 7+& 63&%,1% 5&6285%$& 2 5&6285%& (52
#< 7+& $211&%$7,21 7<3&6 ,1 7+& !'#29& %,! (5!'0n &!
21& 0&6285%$& @ Q,0& F17&59!/+%2&#,0Q03,R211. &%2 08
75,17 ,16758%7, 216k Q+& 0&6285%$& FA $!1 7+&1 #&
/2% 7,21 =vl7 5&48,5&% / &9&/ 2 (5018/ 15, 7<¥ 72 |/

P,0,/ !5/ < "25 7+& [/ ,67&% +,6725,%$ 75! ,1,1( %! 7!n
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Historic Resource Offer Data
Historic PNs
PK | ResOfferlD
PK | PNID
04 FK | ResTimelD
FK | ResTimelD po—
BOD
Profile
Price offers
Historic Resource Output PN Number
Levels
PK | ResOutputlD Final Flag
FK | ResTimelD
Instructed MW output Historic Resource Conditions
Actual MW output PK | ResCondID
OH FK | ResTimelD
Time and Resource Key Info (Historic)
Condition

PK | ResTimelD

FK | ResID

Time Interval

Historic Transmission Constraints

Resource / Resource Group Information

PK | ConstraintlD

Historic Weather

PK | ReslD

'——oq FK | ResTimelD

PK | WeatherlD

Resource Type

) Constraint Type
Time Interval

Location
Quantitative Impact
Location

Temperature

UV Levels

Wind Speed
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@216, &5 'ABE11368 7 2! 7! J 2 %&/ 6

>1 &48,9!'/&17 V/ (25, 7+0 0! 75, ; 72 7+!'7 352%8%&%
Deterministic Regression Deterministic Classification
Predicting a single numerical value for Predicting a single class (group) value
actual output for each half-hour for actual output for each half-hour
interval, given a set of input conditions. interval, given a set of input conditions.
Regression Classification
Giving a probability distribution across Giving a probability distribution across
numerical values for actual output for class (group) values for actual output
each half-hour interval, given a set of for each half-hour interval, given a set of
input conditions. input conditions.
C, ( 8 & ABD%&IE 75, ;, 2' 02%&//, 1( 7&%+1, 48&6
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