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Integration of Probabilistic Forecasts in TSO Operations
Outline

* Why Probabilistic Forecasting and Why Now?

 Current Use Case Example for Island System
* EirGrid TSO - system attributes
« Ramping Margin Reserves requirement
 Probabilistic Ramp Forecast Product
» Operator Use of Ramp Forecast Product

« Thoughts About Future Use of Probabilistic Forecasts
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ENFOR - What We Do

* HQ in Denmark — spin-off from the
Technical University of Denmark
(2006)

= Offices in Hungary, India and
Iceland

» Delivers software systems and
services for operational energy
forecasting and optimization

= Operational track record of more
than 25 years

2022 Operational Forecasted Capacity

Ill

>50GW >150GW

Solar Power Forecast

ENFOR® Totals

Mag > k2

dk2 Summary

Tee<

Te<

[ <[ Naw [ >[>> [ 5> [ 355> | 2022-04-28 11:56:25 CET [Go

Wind Power (% of installed)

100

80

Wind Ramp Event Forecast

10 15 20 25 30 35

ENFOR®



Why Probabilistic Forecast and Why Now?

* Increased penetration levels of variable generation
leads to greater need for quantifying forecast
uncertainty

- Any weather-driven event can benefit from
understanding the likelihood of occurrence. Ex:
- Dynamic capacity of transmission line
 Load forecasting
 Grid congestion / Rapid ramp events
* Electricity price forecasting
* There's a learning/refinement process with

incorporating probabilistic forecasts, so better to
start sooner than later!
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Current Use Case Example for Island System
EirGrid TSO — System Attributes

= Winter Peak Demand: ~7 GW

= Summer Night Minimum Demand: ~3 RS
GW EIRGRID

= 2021 Fuel Mix:
o Gas (46%)
o Wind (31%)
o Coal (11%)
o Hydro (2%)
o Solar (0.5%)

= Installed Wind Capacity: 5,683 MW
= |[nstalled Solar Capacity: 250 MW

= Maximum Wind Output: 4,471 MW (12
Feb 2022)

= 2 Interconnects: ]lczlrorz:bhttps/://wwv;./eirqridgroup.com/site-
- - iles/library/EirGrid/EirGrid-Group-Transmission-
o East-West (500 MW DC) Ireland-Wales | > 0= 2
o Moyle (500 MW DC) N. Ireland-
Scotland

0,
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https://www.eirgridgroup.com/site-files/library/EirGrid/EirGrid-Group-Transmission-Map-March-2021.pdf

Current Use Case Example for Island System
Ramping Margin (RM) Reserves requirement

= Wind Forecast Errors are significant portion of system demand

= EirGrid must maintain a minimum level of ramping capability from online or
offline generation and demand units

= Forecast Error Risks are explicit in operational scheduling
» EirGrid RM Definition

The increased MW output or reduction in demand, a unit can provide, within
a given time period of receiving a dispatch instruction and maintaining that
MW output for a further specified period after the initial given time period has
elapsed.

= Three categories: RM1, RM3, and RM8

Classification Category Delivered within | Maintained for

Ramping Margin Ramping Margin 1 (RM1) 1 Hours 2 Hours
Ramping Margin 3 (RM3) 3 Hours 5 Hours
Ramping Margin 8 (RM8) 8 Hours 8 Hours

From: https://www.sem-0.com/documents/general-
publications/Ramping Margin Requirements in Scheduling.pdf
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https://www.sem-o.com/documents/general-publications/Ramping_Margin_Requirements_in_Scheduling.pdf

Probabilistic Ramp Forecast Product

= At each forecast update time, 1000
forecast scenarios generated from
probabilistic wind power forecasts

o Conditioned on latest information
including NWP ENS forecast
guidance

o Respect quantiles and correlation
between time-points and regions
(NI/ROI)

o Generate independent scenarios
respecting the above and therefore
probability of specific ramp events
can be found by
#events/#samples

= A plausible ramp downis computed
by using the 2% Probability of
Exceedence from the scenario
forecasts at each time step
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Ramp Forecast Product — Simplified lllustration

12-hour deterministic
and 10 ensemble
members / scenarios

T \
of NS\

25%

Power (% Installed Capacity)

|
12 pm 3 pm e pm S pm 12am
mm Power Forecast Ensemble member

ENFOR®)



Ramp Forecast Product — Simplified lllustration

Maximum 3-hour ramp
down may be calculated
from ensembles
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Ramp Forecast Product — Simplified lllustration

For each forecast
interval, maximum ramp
down calculated from
ensemble of forecasts
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Ramp Forecast Product — Simplified lllustration

Composite of 3-hour
maximum ramp down
assigned at each
forecast time step
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Ramp Forecast Product — Simplified lllustration

3-hour ramp forecast
generated
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Ramping Margin Reserve Product Description

= Ramping reserves required to meet supply shortfalls (ramp-up capacity)

» Three different horizons allows for response to forecast error changes and the varying
notice times required by standby units

= 3 Ramping Margin Reserves: 1-hour, 3-hours, and 8-hours horizon
= Short-term forecasts: 36-hour lead time, updated 15-minutely
» Long-term forecasts: 120-hour lead time, updated every 6 hours

= The Ramping Reserve Requirement considers the difference in the deterministic wind
production ramp forecast and the probabilistic ramp forecast

= Ramp forecast product designed to cover most probable ramp events thus lowering
operating costs
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Current Use Case Example for Island System
Operator Products and Decision Support Tool

B «ua | sna | o | s | s [ETTT]] woe § ws | e | e | ]4——- 3 product by region

Region: ROI Product: RM8 RMR Calculation Case: None m
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p RV ® Qe ® RMRE (Mon)

= Ramping Requirement is an expression of the Forecast Uncertainty
= SCUC optimization model run outputs ramping margin time series

= Three different ramp horizons allows for various standby units to response to forecast error
changes

= Operator is alerted to stoplight buttons when Ramping Margin and Ramping Requirement
(uncertainty) get within pre-defined thresholds
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Current Use Case Example for Island System
Operator Products and Decision Support Tool
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Ramping Margin Requirement (RMR)* is expressed as

RMRegy = LSItypy + LFE(typ) + max(RR(HR)JUncertt(R)) + Tieyncert — IC_Capip)

LSI = largest single infeed (~500 MW conv. generator) t= sched. Intv

LFE = load forecast error R=margin category
RR = replacement reserve Tie = Tie line uncert.
Uncert = VG uncer. forecast |IC_Cap = interconn. capability

*From: https://www.sem-0.com/documents/generalpublications/Ramping Margin Reguirements in Scheduling.pdf
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https://www.sem-o.com/documents/general-publications/Ramping_Margin_Requirements_in_Scheduling.pdf

Current Use Case Example for Island System
Operator Products and Decision Support Tool

» Operator is alerted to stoplight buttons when Reserve Margins and uncertainty

get within pre-defined threshold
« System under-frequency and forecast error event detection will trigger release

of RM-reserves
« Automated Ramping Margin Reserves incorporated starting 2020

EEN D (e B E) B B B3 BT
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Less variability (less

/ windy)
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Thoughts about Future Probabilistic Forecast Use by
TSOs/ISOs

= Increase in Demand Response technologies introduces new state
dependent variables that can be modeled

= Expand the number of weather-driven grid reliability events
> Probability of Extreme temperature events
»>Lost solar power generation from aerosols

= Additional external information can be integrated into probabilistic
forecast scenarios
»Interconnected system renewable generation
> State of storage (e.g., pumped hydro or battery state of charge)
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Special thanks to the following individuals:

 Paul Carroll, Mark O’'Sullivan — EirGrid Group

- James Ryan — Former EirGrid, now Bord Gais Energy /
Centrica

« Christian Wichmann, Hans-Peter (Igor) Waldl -
Overspeed Gmbh
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Thank You For Your Attention
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DELIVERING THE FUTURE

Jeff Lerner, Customer Solutions Manager
contact@enfor.dk

Phone: +45 45 350 350
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