Short-term operation

From snapshots to forecast casefiles
Future vision




From snapshots to forecast
casefiles: the basis for good
decisions



Introduction to the RTE grid

« RTE network i a central position in the European system
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 Key numbers

— 100000 kms of EHV & HV lines
(from 42 kV to 400 kV)

— 2500 substations, 1100 transformers,
HVDC links with England & Spain

— Peak consumption: 110 GW (2012)

— 7 regional control centers (HV)

— 1 national control center (EHV &

interconnections)




What kind of study do we perform?
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What is the base of the forecast base cases?

SNAPSHOT ——

Measurements

Switch positions

We need frequent SN because: Network
structure

e High frequency of topological changes on the
French network = 619 172 changes in 2014

e Measurements refreshment = around 10 s




Merging phase

TODAY
7 regions in France A 7 SCADAs \ @ﬂ o
e e
Merge needed to have a full France SN 0 @

TOMORROW

1 new SCADA




External network

Countries partly
EHV network or totally
represented

Two areas for the neighboring systems

~500 nodes = Belgium
» Closest to the border = real network +
measurements transmitted to RTE state _1000tines | H Netheriands
estimator
. . - Spain
e Second part = equivalent lines used to
simulate power flows  cermany
= Switzerland

- Italy



State estimation use at RTE

Manage incomplete and unreliable data A
State estimation

* Runs every 560n the 8 regional networks and on a
national merged file to complete the measurements
and get a coherent system state

« Contingency analysis on this coherent state (merged
file) every 150




State estimation use at RTE

Observable
part of the
network

Observability State
analysis estimation

o]
|—~O,9s ~0,7s

reactive power
and voltage
measurements




Letés prepare a study together...




Forecast casefiles

- Snapshots
- Two hours ahead forecasts
- Intra day and day ahead forecasts

— All based on validated snapshots
- Two days ahead forecasts




Usages for intra day and day ahead forecasts

Provide b . "‘ |
Indexes onpre-contingency state (up
Shared and running) +automatic «basic » StUdI_es and
CaseﬁleS security analysis (under testing) COOI’dlnathn
N v/

Everyoneat RTE, CORESO etc. Ondemand

Voltage, current and short-circuit current calculation only



Focus on day ahead and intraday forecast

Example the initialization process
C=EgERe X Y Complex process
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Y Updated every hour

Y Every control center contributes
to the process

Y Mostly automated

7 local + 1 national dispatching
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25 timestamps



Quality of the forecast casefiles

Y A few inherent limits visible today

1. Interaction between frequency regulation and cross border flows + growing amount of renewable
energy sources on the network Y addressed using margins

2. Need for dynamic studies with files which are not compliant with dynamic simulation Y studies
made by experts

3. Need for automated calculations (creation of a database with curative action + automatons +
other dynamic data) to help operators focus on challenging situation Y increasing efforts in
supervision



Future vision



Main challenges

Manage uncertainties

Improve forecasts

Choose topology ahead

Improve network models and computation
Capitalize on operator knowledge

Propose an « assistant » to the operator

Frequency Generation Human
control schedule error
REINEIEL
Topolo :
rates

Remote Actions non
Loads : :
control failure coordinated
DLR pynamlc Outage
simulation duration




From a «best forecast » approach to

hypervision

Quality of data: continuous improvement

Methods to come: dynamic simulations,
uncertainties, simulation of actions

Goal: set up acontinuous vision from D-2 to real time



Annexes
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State estimation: processes

Local state estimation State estimation on EHV
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State estimation use at RTE

DATA QUALITY & CHECK = VIRTUOUS CIRCLE

Raw data
Quality criteria (based on observability rate, Measurements
measurements, redundancies, bad data Topology

. ) ) Network characteristics
detection, number of iterations, ...)
Analysi
. Estimation

Controlled by the operators : any decrease in Correctlorw l

the quality level must be studied and analyzed
Estimated state

Off-line analysis and corrections possible (same Indicators M PO RTAN

tool) A Correct data errors and work on model
weaknesses




State estimation use at RTE

Calcul
Process : State estimation
Status : CONVERGENCE

BUILD REFERENCE CASES e

Criteria | value | Condion

rate 944 »85.0
Active measurements redundancy 191 =18
Reactive measurements redundancy 234 =20
Non zero injections on disconnected elements 0 0 max
Invalid measurements. 1 1 max
Critical measurements. 1319 2498 man
Nonstandard deviations 26 93 max
Iterations number 13 10 max
‘Nonzeroflows on disconnected fines ] 0 max

VALIDATED SNAPSHOTS FOR THE FUTURE

rom Qualité ESTIM | Date situa._. ¥

Quality criteria associated to the snapshot : e gl Sty >

recollement-auto-2 L ]

. . recollement-auto-20 (]
indicate whether operators can use the 7% recollement-auto-20160325-1415-snrichi byt
recollement-auto-20160325-1410-enrichi (v 25/03/2016 ...
& recollement-auto-20160325-1405-enrichi v 25/03/2016 ...
SnapShOt & recollement-auto-20160325-1400-enrichi (v 25/03/2016 ...
& recollement-auto-20160325-1355-enrichi v 25/03/2016 ...
& recollement-auto-20160325-1350-enrichi - 25/03/2016 ...
& recollement-auto-20160325-1345-enrichi - 25/03/2016 ...
. . & recollement-auto-20160325-1340-enrichi (v 25/03/2016 ...
Get reference cases available for studies (from =2 recoliement aulo 20 1603251335 enrichi o zepasors
©@ recollement-auto-20160325-1330-enrichi - 25/03/2016 ...
H H T@ recollement-auto-20160325-1325-enrichi - 25/03/2016 ...
day-ahead studies to more prospective ones)  reollomant oote 20150925 1320 s T
_©a recollement-auto-20160325-1315-enrichi o 25/032016 ...




If we want to complete observability

STATE APPRECIATOR
Need of additional data :

e data from electric meters in the non-
observable area

« results of the state estimator in observable
area




Letés prepare a study together...
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Step 1: Initialization

Y The day ahead forecasts are not created from scratch but based on several
snapshots from the past.

Y Before forecast hypothesis can be applied, the 25 cases have to be initialized
1. The structure is taken from the last snapshot available (+ corrections if needed)

2. The reference topology is applied

3. Theinitial file is copied 25 times (one timestamp every hour + 19:00)

4. A day of reference is chosen and 25 hypothesis for (P,C,V) are applied.



Step 2: Update with forecast hypothesis

Y The 25 casefiles are automatically updated every hour

Y The following hypothesis are applied:

1. Specific topologies

2. Planned outages

3. Forcasted loads (consumption + «local » production)
4. Zonal balance

5. HVDC



Future



Improve forecasts

Regional A Substation forecast
Close to RT forecast

DLR




Handle uncertainties

: . Frequency Generation
?
Goal of the experimentations: explore
which uncertainties can be adressed Topology Weather Politics
with the methods developped in iTesla.

» Worst Case Approch Remote Actions non
Loads : :
control failure coordinated
e Monte Carlo Like Approach
DLR Black swans Outage
duration




Choosing topology ahead

Automatic studies A

 Identification of commands (action & date)
to implement

e Automatically provide orders to the SCADA
(always after automatic security check)

» Optimized positioning and coordinated set
points (local automatons, PST, HVDC, ...)




Improve network model and computation

Automatons

Exchange with other countries: coordination

oS> EXCELLENT
" JGOOoD

Dynamic simulations



Capitalize operator knowledge

Preventive & curative actions database

Operational documentation

Q
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Propose an « assistant » to the operator

Generation of efficient information: relevant and
synchronized with the issues/actions

Output via stream and synthesis (GUI)




