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Appendix: Detailed monitoring results

Preliminary note: For ease of readability in graphs the bidding zone "DE/AT/LU" is commonly
abbreviated by "DE".

A.0 Boxplots

Boxplots are used throughout this report to show a simple representation of the statistical
characteristics of an observed phenomenon. From the observed samples first a best fitting
normal distribution is found and the 1 and 99 percentile values of this fitted normal distribution
are represented by the vertical extreme lines of the boxplot. Observations outside the 1 to 99
percentile range are shown as individual dots. Other vertical lines in the boxplot represent the 25,
50 and 75 percentile value of the observed distribution. The range from the 1 percentile value of
the fitted normal distribution to the 25 percentile value of the observed distribution is
represented by a vertical line, as is the range from the 75 percentile value of the observed
distribution to the 99 percentile value of the fitted normal distribution. The observed range of
samples from the 25 percentile to the 50 percentile value is represented by a rectangle as is the
range from the 50 to 75 percentile of the observed distribution. This is graphically explained in
the figure below.

“outlier"samples
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Fo+ T outliers (99% of fitted
normal distribution)

< 75% percentile

- 50% of samples < Median -
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“outlier"samples _
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Figure 1: Explanation of the use of a boxplot
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Al FFC aspects

A.1.1 Classification

Absolute frequency

FFC frequency by classifier (number time steps, out of 11016 hours in total)
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A.1.2 Net exchange positions (+=export)
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A.1.3 Prices
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Cumulative distribution function (CDF) of prices for FBI in different zones
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Sum of FAV in active constraints by TransnetBW
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A.1.6 Flow-Based Intuitive patch

FB intuitive patch applied (1 for applied)

Juni15s = 1 1
JUIS
{09 0.9
Aug15 g
Sep15 108 0.8
Oct15
l s 0.7
Nov15
0.6
Dec15 0.6
5
o Jan1é w 05
g 0.5 >
Feb16 04
Mar16 0.4
Apri6 = 0.3
0.3
May16 i 0.2
Jun16 0.2
0.1
Julg
0.1 0
huate cooo0oLoCeOOEeE
_ cS Do zVEcOs s >CcS D
S8 10 15 20 " 3528028882223 2
Hour of the day Date
2000 Boxplot of CWE Net Exchange Positions delta due to FBI (NEP in FBI minus NEP in FBP)
T T ; T
1500 - ot .
1000 - _E;: ]
500 - el -
=
= o 8
8
©
©
o -500- ]
w
=z
-1000 [~ f
-1500 - T
-2000 - + + T
-2500 | 1 T |

BE DE FR NL

E-BRIDGE CONSULTING GMBH 13



Price delta [EUR/MWh]

NEP delta [MW)]

2000

1500

1000

500

-500

-1000

-1500

-2000

-2500

T

CWE Net Exchange Position delta due to FBI (NEP in FBI minus NEP in FBP)
T T T T

I cE |
[ o
R
[ INL |

Mean

Boxplot of price delta due to FBI (price in FBI minus price in FBP)
T T T T

Maximum

Minimum Standard deviation

350

300 -

250

200

150 -

100 -

50 -

E-BRIDGE CONSULTING GMBH

14



350 Price delta due to FBI (price in FBI minus price in FBP)
T T T

300

250 -

200 [~

150 -

100 [~

50 -

50 1 1 1 1
Mean Maximum Minimum Standard deviation
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Volume of FB domain (zero balance posi>t<i1oon, before LTA inclusion)
5 S

Value

Date

Jus [ ———

Aug15
Sep15
Jul1e

Junip ==
Auglt e

Jun15

Oct15

Nov15

Dec15

Jan16 §
Feb16 E
Mar16

Apr16 F
May16 =

5 10 15 20
Hour of the day Date

E-BRIDGE CONSULTING GMBH 15



Empty FB domain (zero balance position, before LTA inclusion)
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A19 CBCOs
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Number of CBCOs by TSO
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FRM selected branch 1
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A1.11 Fmax

Fref/[Fmax

Power [MW]

Boxplot of Fref/[Fmax ratio of active constraints by TSO
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Fmax selected branch 2
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A.1 Indicators

FFC frequency by classifier (number time steps, out of 11016 hours in total)
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Frequency of branches belonging to an active constraint (50 branches with highest frequency, out of 204)
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Summed shadow price [EUR/MWh]
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Summed shadow prices (50 branches most frequently active, out of 204)
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Price spread [EUR/MWh]
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Summed absolute value of welfare effect [EUR]

Correlation of zone to zone PTDFs and price spreads

BE-DE

e
o
o

Price spread [EUR/MW]
<

R=0.25

Price spread [EUR/MW]

-
o
o

fu
o

BE-FR

R=0.38

Price spread [EUR/MW]

100 BE-NL

R=0.36

0
o

0.5
Zone-to-zone PTDF Zone-to-zone PTDF Zone-to-zone PTDF
100 DE-NL 100 DE-FR 100 FR-NL
. R=0.27 R=0.44 R=0.49

2 g d g
= P =
4
% 50 % 50 %
w, w, w,
e © el
© © @
o o o
3 0 o0 &
@ @ @
A2 2 L2
a a a

-50 -50

-0.5 0 0.5 -0.5 0 0.5
Zone-to-zone PTDF Zone-to-zone PTDF Zone-to-zone PTDF
12 X 10° Summed welfare effect by parameter variations for active constraints
T | T

Fmax: +1%

Fref: -1%

FRM: -1%

PTDF BE: -0.01

PTDF DE: -0.01

PTDF FR: -0.01
PTDF NL: -0.01

E-BRIDGE CONSULTING GMBH

31



PTDF

Welfare effect [EUR]

: Dlstrmn of zone-to-hul'DFs

1 T
0.8 .
0.6 _
0.4 T —
0.2 1
0 ﬁ _
-0.2 L S =
- A o
04 F o BRI L ]
-06 - N .
-0.8 - 1
-1 — : e —_—
BE DE FR NL
5 X 104 Sensitivity of hourly welfare to parameter variations for active constraints
I T I I T T |
4 [ -
3 N + .
2+ + n o t —
ik = = P ]
ok ; i - i
1 -
2 : T -
3+ o + |
4 - + _
-5 1 1 | | 1 T 1

Fmax: +1%
Fref: -1%
FRM: -1%

PTDF BE: -0.01
PTDF DE: -0.01

PTDF FR: -0.01

PTDF NL: -0.01

E-BRIDGE CONSULTING GMBH

32



%108

Fmax: +1%
T

B w

Sum of absolute value of welfare effect [EUR]
w

25

1.5

Welfare effect [EUR]

0.5

%10*

.

Elia TenneT (DE) TransnetBW  Amprion  Special (DE) RTE

TenneT (NL)

Fmax: +1%
T

e

| p——

— 1

Elia TenneT (DE) TransnetBW  Amprion  Special (DE) RTE

-

TenneT (NL)

-BRIDGE CONSULTING GMBH 33



Sum of absolute value of welfare effect [EUR]
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Welfare effect [EUR]

Sum of absolute value of welfare effect [EUR]
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Sum of absolute value of welfare effect [EUR]
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Sum of absolute value of welfare effect [EUR]
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Selected case for FBP versus FBI
Oct. 16, 2015, 8:00 h (Hour of maximum price spread of FBI vs. FBP)

Copperplate FBP FBI
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A.2 FFC Indicators

A.2.1 FFC frequency
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A2.2 FFC severity
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Summed shadow prices (50 branches most frequently active, out of 204)
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EUR/MWh

Price spread between zones (FBI)
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A.24 FFC sensitivities

«10° Summed welfare effect by parameter variations for active constraints
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Sum of absolute value of welfare effect [EUR]
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Welfare effect [EUR]

Sum of absolute value of welfare effect [EUR]
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Sum of absolute value of welfare effect [EUR]
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A2.5 Typical FFC cases



Discussion of selected case
Oct. 16'™, 2015, 8:00 h (Hour of maximum price spread of FBI vs. FBP)

Copperplate FBP FBI
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A.3  Modelling accuracies

A.3.1 Bidding zone positions

BE - CWE net position determined in FBMC and as assumed in reference program
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CWE Net Position [MW]

CWE Net Position [MW]

FR - CWE net position determined in FBMC and as assumed in reference program
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Boxplot of CWE net position forecasting error (FBMC result minus reference program)
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Mean of nodal power deviations having the same sign per time step (D2CF net - DACF net)
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Boxplot of nodal forecasting error - D2CF vs. SN (net)
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Boxplot of relative nodal forecasting error - D2CF vs. DACF (net)
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Boxplot of relative nodal forecasting error - D2CF vs. DACF (load)

| | I | |
o o (=] o (=] o o
w o w w o wn
— — v - -

[94] Jo112 BAne|IEY

RTE TenneT NL APG

TenneT DE TransnetBW  Amprion 50Hertz

Elia

I Eiia

I TenneT DE
I TransnetBW
[ Amprion
[ 50Hertz
C—JRTE

[ JTenneTNL
C_JarG

Relative nodal forecasting error — Weighted average
T

[o4] 10118 BAnEIDY

Weighting factor: nodal D2CF value

65

E-BRIDGE CONSULTING GMBH



<108 Nodal forecasting error - Sum of absolute values
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%10" Nodal forecasting error - Sum
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Boxplot of nodal forecasting error for selected nodes - D2CF vs. DACF (net) - 50Hertz
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Boxplot of nodal forecasting error for selected nodes - D2CF vs. DACF (net) - TenneT NL
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Boxplot of nodal forecasting error for selected nodes - D2CF vs. DACF (gen) - 50Hertz
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Boxplot of nodal forecasting error for selected nodes - D2CF vs. DACF (gen) - Elia
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Boxplot of nodal forecasting error for selected nodes - D2CF vs. DACF (gen) - TenneT NL
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Boxplot of nodal forecasting error for selected nodes - D2CF vs. DACF (load) - TransnetBW
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Boxplot of nodal forecasting error for selected nodes - DACF vs. SN (net) - 50Hertz

3000

2000 -

[mn] 1emod

-2000 [~

-3000

15 16 17 18 19 20

14

12

0 1
Node

ting error for selected nodes - DACF vs. SN (net) - Amprion
T

Boxplot of nodal fol

3000

[ semod

-3000

11 12 13 14 15 16 17 18 19 20

10
Node

Boxplot of nodal forecasting error for selected nodes - DACF vs. SN (net) - APG

3000

2000 -

[m] Jemod

-2000 -

-3000

1 12 13 14 15 16 17 18 19 20

10
Node

79

E-BRIDGE CONSULTING GMBH



Boxplot of nodal forecasting error for selected nodes - DACF vs. SN (net) - Elia
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Boxplot of nodal forecasting error for selected nodes - DACF vs. SN (net) - TenneT NL
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GSKs per node for January 2016 for TSO Elia
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odal GSKs (observed) - TenneT NL
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Nodal GSKs ohserved TransnetBW

0.03

[ I| | ‘I “ ! HHII” ‘\
1L Ll 1l III L] 000 I L | L | | 1| \H 1
it ””;“W” i NHM', | WAL R wl,u L |‘. |
I R L | 11 |
10 0.02
15 HRMERTARUREE 8 TG H‘III\ LIS A R
‘ | | ‘ i ] | 0.01
20
| I Il
R I 1|1} 1l Il II e L | I |
w 25 HUI | II | ‘ f LI} II'IIII‘I\IIHI III | \II | IIII 'I\“”IHII M |I|WIII ‘ t"“l I|IIIM IIl H‘ ”l\ \‘IIH O 0 0
5 0
o
Z 30
35
-0.01
40
45 F “l IHIIII\I l\ 1 I\HIHHIIIIH\ LI LA U IR N
I R | l L] IIIIII\II LA T FIH 0L B | \H -0.02
OO FUR PR A T L DL AL | R || OO AN A 10 SN0 A
50
T 0T O {0 80T 0 R AN A AN L
-0.03
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Monitored hour
Nodal GSKs (applied) - 50Hertz
T T T 0.03
5
0.02
10
0.01
15
w
0]
3 0
Z 20
EENENNENENEENINNENIENNENEEN 0.01
25 :
EENINNENNNENEI NN ENEEN
30 -0.02
35
-0.03

1000 2000 3000 4000

5000 6000 7000 8000

Monitored hour

9000 10000

E-BRIDGE CONSULTING GMBH

92



Nodal GSKs (observed) - 50Hertz
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Nodal GSKs (observed) - APG
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Note on this figure: the nodal GSKs within each bidding zone sum up to 1 for each time step. The total
sum is the sum over all considered time steps (~ 11.000 hours in the monitoring period). For the bidding
zone DE/AT/LU the distribution of the GSK share in the different TSO areas can be observed in the graph,
once for applied, once for observed GSKs. In particular the difference in GSK share for observed vs. applied
GSKs between Amprion and TransnetBW is prominent
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%10% Nodal GSKs - Sum of absolute values
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Note on this figure: For interpretation of the sum of the absolute values of the GSKs it should be noted that
the number of nodes per TSO differs significantly. In the RTE area there are the most nodes for which the
observed GSKs (sometimes positive, sometimes negative, but here the absolute value is relevant) are
summed up.
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Boxplot of GSKs for selected nodes - observed - 50Hertz
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Boxplot of GSKs for selected nodes - observed - APG
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Boxplot of GSKs for selected nodes - observed - RTE

ISR UL L AU AL S 2 e e O
......................... e [

et T L °

........................ e = y

RPN {TFmmmmmmmmmmm oo © m

ens e [I}---eeemmememmmmeeem oo ° i | -
Fmnemmmee s [D---mmemmrmmemmmeem e 2 o | .
R —— T T © | R — T T —
eI R [D-eeeememe e e o m | -
o L B Fg g LI
e I SRR @2 Fleemeeenenees [JJ--rnenennensnemnraneannns
onen s I ° g T eeeemmmmmmeeeeeeeo
i LI ® Bl L ——
o I - ol reermnen s [TT}-oeeeerereresnmsnennneee]
osene e I I ° S I
oo L o I
o L R O
o L - o G
..................... L e K e 1
R L - oo L

103

E-BRIDGE CONSULTING GMBH

12 13 14 15 16

"

Node




Boxplot of GSKs for selected nodes - observed - TenneT NL
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Boxplot of GSKs for selected nodes - applied minus observed - 50Hertz
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Boxplot of GSKs for selected nodes - applied minus observed - APG
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Boxplot of GSKs for selected nodes - applied minus observed - TenneT NL
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A3.4 Flows
Most frequently active branch

@ Evaluation only for time steps when this branch was limiting FBMC

Loading of line (N-case)
T

100 T T

‘ I DACF
| I DoCF | -

Loading [%]
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Most frequently active branch

Maximum ratio of Fref in N-K and N-case (for D2CF in time steps when branch was active)
T
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e
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Line Confidential
Note on this figure: it can be observed that line loadings in the N-k case are in more than 50% of the

observations between 40% and 55% higher than the line loading in the N-case. Outliers range from almost
0% increase of N-k loading compared to the N-case loading (ratio=1) to more than 80% (ratio = 1.8)
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Most frequently active branch

100 Loading of line in DACF (N-case)
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() Flow in N-1 case estimated by scaling DACF flow in N-case with the maximum
| | Fref-ratio between N-K-case and N-case in D2CF in time step

120 Loading of line in DACF (estimated N-1-case)
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