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GOALS

» Define preventive actions (flexibility “booking”) under RES and load forecast uncertainty
» Propose a methodology to find the “decision moment” to “book” flexibility under uncertainty
» Supply the human operator with a limited set of flexibility options
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Academic state-of-the-art
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Decision

[+] Deliver optimal solutions

[+] Explicit modelling of objective functions and

constraints

[-] High computational time to get decisions
[-] Perceived as a “black-box" by operators
[-] Delivers only one solution (limited interaction)

O Provides information about cause
and effect — “interpretability”

O Multi-criteria information & iterative
process (no optimization and
“navigation” across solutions)
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Smart4RES approach ':'::::I-."S'&\orJrlfRES

Full Electrical Grid Flexibility options
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Building blocks: Scenarios & sensitivities

Spatial scenarios generated with
a Gaussian copula and marginal
probability distributions

[% of rated power]
e o o © 9o ©
£ & &8 288 8

Power
o e

------------------------------------------------------------------
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For each scenario compute
sensitivity indices relating

P, Q ~ Branch current @
P, Q ~ Node voltages @
NTW reconfiguration ~ Branch
current (Z-bus + graph theory)

..................................................................

For each flexibility option a set of
metrics are computed to
characterize its effectiveness

* Expected flexibility cost

* Probability of congestion /
voltage problem

* VaR of flexibility cost

* VaR of severity

* Expected severity

(1) Christakou, K., et al. (2013). Efficient computation of sensitivity coefficients of node voltages and line currents in unbalanced radial electrical distribution networks. IEEE Trans. on Smart
Grid, 4(2), 741-750




Building blocks: Flexibility ranking and risk curves Smor’rlrl-\’ES

Flexibility options ranking with TOPSIS

Action 1: Curtail wind park Uso

Action 2: Demand response U1

Combine top-3
flexibility options
Action n: Redispatch U1o,

Ui6 >
Probability of congestion

Action 1: Curtail wind park Uso

Probability of congestion

Action 2: Demand response U1 Cost (€)

Action n: Redispatch U1o,
Ui16

v

Cost (€)




Rethink the decision problem Smor’r4RES

Substation
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Probability of a congestion forecasted with NWP (ohoo) for day D+1 (lead —
time: t+30)
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Case-study .Smor+4|QES

O Modified Oberrhein MV network
0 Load time series: Measurements from lowa Distribution Test Systems®
O RES time series: French dataset (Smart4RES) + ECMWF NWP data

0 Rated power of wind power plants and consumption values adjusted to
create technical problems in 1-year of data

0 Only wind power forecast uncertainty is used (perfect forecasts for load)

O Flexibility prices randomly sampled between 10 and 30 €/ MWh

(1) Z.Wang, "lowa Distribution Test Systems", Available: http://wzy.ece.iastate.edu/Testsystem.html
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Results: Congestion case 1 ° -.Smor+4RES

False negative case (not detected by a point forecast) for one line

Point forecast: 87.7% of line loading
Real: value 170% of line loading
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Results: Congestion case 1 »
g E rt4RES
Top 3 Flexibilities
ast: Wind Farm 149 2nd: Wind Farm 154 3nd: Wind Farm 153
13.5 €/MWh 27 €/MWh 20.9 €/MWh
Sensitivity: +++ Sensitivity: + Sensitivity: ++
Action for probability threshold = 5%
Forecast/ Action 1 (wind Action 2 (wind Action 3 (wind
actions farm 149) farm 154) farm 153)
ohoo 11.2% 9.5% 9.91% Impact of the action: Congestion solved if the
probability threshold is 5%, 1%, 0.1%
12hoo 8.47% 6.95% 6.56%
t+2 8.41% 2.91% 7.09%
1 PMAPS
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Results: Congestion case 1 Smor’rlfREs

Line under

176—9 .
analysis

A high forecast error originated i\

deviations in line loading +229

(overload of 170%) 10

- = Forecast
=+ Real
q05-q95
ql0-q90
q15-g85
q20-g80
q25-g75
q30-q70
[ g35-g65
A [ q40-g60
Vv pm g45-g55

—-——fe
R ~

—

- -~

o
(=]
!

~,
~, ~ -
______________

Day 12, hour 7

. real deterministic
(\o]
S

4
1
1
]
1
)
\
\
-
~,
,/
~,
ower [% of rated Power]
o
=
1

P
o
N
1

Observed

~

2020-09-22
2020-09-23
2020-09-24 4
2020-09-25
2020-09-26 4
2020-09-27 4
2020-09-28 4

2020-09-2

2020-09-29
2020-09-30
2020-10-01

resolution [1h]

% of rated power
B,

- IR
- HEHE
. | e
(@] =)
(00]

0.6
0.4
0.2 .
Point forecast
(o)}
o
=

N /e
B (e
wrs I

Wind Parks

@ MANCH®ER 2022



Results: Congestion case 2
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Conclusions and future work e Smor’rlfREs

= This method brings the following advantages

= Higher interpretability — contribute to increase adoption by human operators of
information from forecast uncertainty & advanced forecast products (e.g., NWP ensembles)

= High capacity and flexibility for parallelization
= Can be combined with existing rules for grid operation

= The main limitation is the lack of an optimization engine...yet under uncertainty
optimality is a “fuzzy” concept

= Future work
= Improve the meta-forecasting approach (integrate weather ensemble data)
= Formulate interaction with human decision-maker (e.g., confidence-based decision making)

= Design a methodology and metrics to measure decision quality under uncertainty
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