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Introduction
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Denmark

e The Danish market consists of two areas
— Mutually connected with 600 MW DC

The Danish electricity transmission system
ultimo 2012

e Energinet (TSO)

Table 1 L
Load 34.021 0

Wind 0 14.779

PV 0 789
Central CHP 0 9.156
Local CHP 0 4373
Export 2.322 0

Import
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Nord Pool

e Nordic and Baltic region
e Elspot

— 12 to 36 hours in advance
— Trading closes at 12:00 CET for the next day physical delivery

e Elbas
— Trading until one hour before the delivery

— First-come, first served
— DK1 joined in 2008.
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Balancing market

e ,Real-time market”
e Balance Responsible Parties (BRPs)
© Down & Up regulation

< »
price

e Subcategories:

— Regulating power market ( within the delivery hour)
— Balancing market (after the delivery hour)
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Ancillary services

e Primary reserve (FCR)

— Activation half of the required output power up to 15s after the
signal

— Up i Down regulation (+/- 20 MW)
— Capacity auctions day before the delivery for 4-hours blocks

e Secondary reserve (aFRR)

— Activation not longer than 15 min after the signal
— Pay-as-bid

e Tertiary reserve (MFRR)
— Auction for the next day
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Data preprocessing

PH-20180325-01 38.0

e Inconsistency
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Distribution? '
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Gaussian (normal) distribution
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e Standard deviation
Table 4
13.654943 13.165629 16.732335 13.879095
9.770308 14.548433 11.475817 10.901245
9.591344 10.963596 10.328153 10.169072
14.605685 14.823140 16.934345 16.973459
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Correlations
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Spread cont.

e Standard deviation: 5.2 €/ MWh

e More than 6000 occurrences of spread higher
than +/- 5.2€/MWh in the observed period (8k
theoretically)

e Chosen as significant spread: 10 €/ MWh
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Machine learning '

e Subset of Al
e Algorithms and statistical models

e Supervised
— Trening set formed from known input and output data
— Regression
— Classification

e Unsupervised
— Trening set without known output
— Somehow tries to cluster the data
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Data used for the regression r=:gzvne
model '

e Spot prices (Elspot)
e Average intraday prices (Elbas) igh

e Balancing prices — up regulation icr%;ilation
e Balancing prices — down regulation

e For the purpose of this presentation, it is
assumed that prices for various submarkets are
known at the same time
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Estimators

scikit-learn
algorithm cheat-sheet

classification

NOT 7 N o - D G >
WORKING 3 o fewfeatures
\ J " should be
~ important

categories.

clustering

omap
WORKING Embedding —
WORKING

g;“’»“‘ﬁﬁﬁ‘
3. d1men31opa11ty
reduction

Figure 17

Fakultet elektrotehnike i raCunarstva - Zavod za visoki napon i energetiku

Unska 3, HR-10000 Zagreb Tel: 01/ 6129 907, Fax: 01/ 6129 890 E-mail: zvne@ferhr URL: http://www.zvne.fer.nr/



..
F=R ¢ @ ZVNE
%

Used algorithms

Ridge regression

03 e Doesn’t force coefficients
ﬂ 04 to be equal to zero
= 03
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a parameters I cross-validation

All Data
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Spot price prediction

—— SpotPriceEUR

Results (built-in metrics)
Lasso: 0.82795

. B | LR Ridge: 0.82820
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Significant spread classification

90% accuracy

Difference between flag values
I I i
[

Figure 22

(e
Time

e Predicted and real outputs comparison:
- ,2"1,2" => missmatch
- ,0” => match
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Conclusion

e Importance of thorough data collection and
preprocessing

e Correlation
e Big potential for future optimization models
e Further research needed
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