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= The Fragmentation of Wholesale Prices in Europe (2024.01.01. — 2025.07.31.)
= What factors can cause the formation of price regions?
= Demand-side factors
= Supply-side factors
= System bottlenecks: price differences arising from network constraints
= |dentification of the key network elements in the region
= Relationship between the remaining available margin (RAM) and price differences
= Determining the combined effect of the factors: regression analysis
= Role of critical parameters in the case of TOP5 CNEC
= Flow without any commercial exchange (FOall)
= Flows from assumed commercial exchanges outside the Core region (Fuaf)
= Modeling the high-price environment -> scenarios analyses

= Summary and policy conclusions
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THE FRAGMENTATION OF WHOLESALE
ELECTRICITY PRICES IN EUROPE
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In the summer of 2024, unprecedented long-term spikes in
wholesale electricity prices (day-ahead) occurred. The spikes
affected individual countries differently and were even more

{ severe in the South-Eastern European region.
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Correlation of price differences compared to the German DAM & rex
identifies the High-price Region Central-Europe

= To define the region, it is useful to @ Region

examine price developments DE
compared to the German day-ahead

SK
market price (DAM)
= Threshold: 0.8 (or 0.75 as a softer A

= Across European countries, the Si / RO
correlation of their price differences / !
with Germany reaches 0.8 in only 5%
of cases. Z .1 RS

. . e L T QE°
= Based on this, our price region is HR

defined as follows:

High-price

= High-price Region: HR-HU-RS-RO-BG- Region GR
GR

= "In between": SK and Sl ---->0.75

> 0.8
Correlation network based on differences compared to the German DAM g
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Price Divergence Peaks in Late-Afternoon Summer Hours
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Diff. compared to DE: 2024/7 Diff. compared to DE: 17:00 - 18:00
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The largest break is observed in July 2024, this phenomenon could not be observed in the summer of 2025

The price difference is volatile within a day, the price spread in late-afternoon hours varies markedly over the
analysed period

Based on this, the focus of the study is: Why do prices in the High-price Region differ so significantly
from those in Central Europe? 7
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DEMAND- AND SUPPLY-SIDE DRIVERS OF
PRICE-REGION FORMATION




Highest consumption growth appears during critical & rexx
periods in the High-price Region

Change of consumption (2024/2025)
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Central-European Region: consumption 2024/25 High-price Region: consumption 2024/25 Ra nge of diff. in High-price Region Ra nge of diff. in Central-European Region
e Central-European Region: Monthly change compared to 2023 == == Central-European Region: Yearly change compared to 2023
== == & High-price Region a= == & Central-European Region

s High-price Region: Monthly change compared to 2023 == a= High-price Region: Yearly change compared to 2023

= Annual demand growth in the High-price Region (~3%) is substantially higher than in the Central-European Region (~1%).
= The gap widens most during periods with pronounced price divergence.

= |n 2024 July, the consumption increase was always higher in the High-price Region and the difference was particularly
significant in the late-afternoon hours. 9
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Daily consumption profile also differs in the two regions

Normalised load by hour (%) 2024/7

5.0%

= In July 2024 the intraday consumption
curve has completely “slipped” between

the two regions
4.5%

= The high system load observed in the
afternoon-evening hours in the High-
price Region may partly cause the

. . 4.0%
prices to diverge

3.5%

3.0%
01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

hours

—High-price Region = =——=Central-European Region

10
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Production: the increase in residual demand shows the missing
generation in the High-price Region

e DAM Average 2023 = = = DAM Average 2024 DAM Average 2025

N = Relatively small difference in
A residual demand:
!

200

150
= Higher regional consumption

(+1000 MW)

100

EUR/MWh

= Lower nuclear power generation
(~100-200 MW)

20 = Lower hydropower generation
. (~1000 MW)
15 ="/
) ‘:,\'('\,,\ R - = There is no significant difference
5 10 NN A in production that would explain
N N\

’ the extreme high prices/price
difference by itself in July 2024

JAN FEB MAR APR MAY JUN JUL AUG SEP OKT NOV DEC
— Residual demand 2023 = = = Residual demand 2024 Residual demand 2025
*Residual demand: Regional demand — RES generation — Nuclear generation 11




Western-import cuts down during price peaks & rexx
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DETERMINING THE MOST IMPORTANT
NETWORK ELEMENTS FOR THE REGION
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Critical network elements play a significant role in

determining price differences

In the day-ahead market (across the Core European
Region), flow-based market coupling is used to
allocate cross-zonal capacity by maximizing social
welfare while ensuring simultaneous feasibility based
on network constraints, rather than fixed coordinated
NTC limits.

CNECs (Critical Network Elements with Contingencies)
are the specific grid elements and their associated
contingencies (e.g., an outage) that define the
constraints in the flow-based calculation.

The contrast between the High-price Region and the
Central-European Region is well captured by the
average price spread across their shared borders.

Accordingly, we analyse the average impact of critical
network elements on the price spread for the AT-HU,
SK-HU, SI-HR, and SI-HU borders.

[@ REKK

14




Five grid bottlenecks account for 84% of price differences & rexx

84% by 5 CNEC

=  TOPS5 network elements account for 84 percent of the
price difference between the two regions. Average

= Almost 60% of the total congestion between the two

. . A : :
§f 1
regions is caused by the bottlenecks of two internal lines:  si-+r _

one Slovak and one Austrian network element.

= Congestion on certain pipelines may even have a SI-HU
downward effect on the price difference between two

= e.g. the congestion of the Czech-Slovak pipeline reduces the
Slovak-Hungarian price difference (because it prevents

AT-HU
Slovak prices from falling to the level of western markets),
= but at the same time increases the overall price difference -20% 0% 20% 40% 60% 80% 100%
between the two regions, because cheaper electricity from m V.Dur - Levice 1 m Levice - God
the west is less accessible to the region. B Neusiedl- Wien Suedost 246A m V.Kapusany - Mukachevo (WPS)
m Nosovice - Varin Other CNEC
o Maximum admissible power
V.Dur - Levice 1 Internal line in SK 1455-1839
Levice - God Cross-border line: SK-HU 1386
Neusiedl - Wien Suedost 246A Internal line in AT 312
V.Kapusany - Mukachevo (WPS) Cross-border line: SK-UA 1088-1372

Nosovice - Varin Cross-border line: SK-CZ 1550 15




.
A single CNEC can cause a price increase of 110 EUR/MWHh & rexx

The impact of the CNECs on the DE-HU price

= The TOP5 CNEC's average impact and the difference
number of times they represent a constraint 120 2000
vary significantly. o o0
= V.Dur-Levice 1: the most impactful overall; 100 1600
when critical (>1,400 hours), it is associated °
with an average DE-HU spread of €48/MWh. 80 1
1200 =
= Neusiedl-Wien: relatively rarely critical (~100 < 2
hours), but in those cases the associated z 10003
average spread is €110/MWh. . 800 S
= Nosovice-Varin: the opposite profile — critical v 600
in ~13% of hours, yet the average associated 200
spread is about 18 €/MWh. 20 I
. 200

o

0
V.Dur-Levicel Levice-God Neusiedl-Wien V.Kapusany- Nosovice-Varin
Suedost 246A  Mukachevo
(WPS)

B Average price effect (if critical) EUR/MWh @ Number of active constraint hours
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Recurring price differences, drifting critical network £ revx
elements

Average daily price difference caused by a given network element: DE-HU
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= The impact of network elements varies significantly throughout the year
17




Z REKK

price effect/ DE-HU

ime

price effect/ DE-HU

hange over t

Neusiedl - Wien Suedost 246A

lines ¢

ission

Most critical transm

Levice - God

price effect/ DE-HU

V.Dur - Levice 1

2025

2024

Year
7 Month

2025

2024

Year
7 Month

12

2025

2024

Year

1 12

10

1

6

1 12

10

1

6

1 12

10

8
27
17

1

Month

28
18
35

30
29
25

32 11

39
40

10

0

10

10
17 41

23]
36
13

27
22
13

18
35

30
37

12

36
24
16

10

— N
—

sinoy

o o

13
14
15
16
17
18
19

11

26 14

15
24
18
11

20
16
14
13

27
27

22
15
16
14
36

15
16
17
18
19

45

11

17
15
22

27
24

58 31

10
15

35
34

24
26

19
23
31

10

17

21

19
17

0
0

57

40 48

20

15

29 44 44

10

9

[
o

31

12

18
23

1

m O O O O o o o

17

19
12

10

34
56

13
14
15
16
17
18
19

29

15

18 10

0

o
—

13
14
15
22

15
19
15
22
13

20
32

30

11

wn
—
N O
— N
o o
~ O
N
o~
Q
—
o
—

<
o ©
—

o o
o o
0~
0-
o o
o o
o o
o o
—
—

o m
—

o
N N
o o
o o
o o
o o
o o
o o
o o
o o
o o
o o
o o
o o
o o
o o
o o
o o
o
N N
~ o
—

o
-

m o
—
o o
— O
o o
o o
o o
—
—
oM
—
[eo]
wn
<
—
o o
-
o o
o o
o o
<t ©
-

o o
N~

12

14
35

22
23

16
13

0. 48

0

38
38

13
Nosovice - Varin

28
29

22
23

18

30

32
V.Kapusany - Mukachevo (WPS)

price effect/ DE-HU

price effect/ DE-HU

V. Dur-Levice

2025

2024

Year
7 Month

2025

2024

Year

t especially in

impac

high-
summer 2024 and around year-end 2024.

Neusiedl-Wien

1 12

10

1

6
22
20
18
13

12
20
16
21

11
10
10
17
21

10

8
21

1
16
10

Month

23
16
22
21

30
25

12

13 30
13 25
25

1
0

14

3

20
22

12
28
48
26

26
25
15

11

14

rare but severe effect

23
31

30
30
32
20

22
22
23
33
23
11

27

28
12

19
11

15
21

21
22

12

26

(notably late-June/July 2024)

0

16

Levice-God

30
18

29
13

ts

recurrent large

o

impac

16

across several periods (summer 2024 and

0

spring

10

10

/summer 2025).

0
0

0
0

sinoy

arin

Om

13
14

16
21

10
20
24
26
31

21

13
14
15
16
17
18
19
20
21
22
23

many appearances with

Nosovice-V

10 23 11

34
29

35
20
18

12
32

14
22

18
33
32

12

30 16
36
41

10

20
20

0 16 0

14
22
16
24
13

38
26
35
17
20
10
13

22
16
11

21

15

27

26

20

modest price effects.
V. Kapusany-Mukachevo

18

ofiez

26
36

16

12
21

33
31

17
19
25
23
23

11

26

26 41
34 36

21

14

17
18
19
20
21
22
23

19
18
11
15
15
11
16

25

13
23

15

IC

sporad

3
16
48
15
25

14
21

32
32

35

18
0

19
17

20

24
12

31

15

30
39
21
22

12
21

12

large events (e.g., winter 2024/25, mid-

2025).

0
0
0

12

18
15
19
16

19
26
13
26

29

34
33
30
33

32
28
24
26

25

5
6

4
2

20
23

20
18
10

18
16
12

36 11

39
24

0
11

18

10
12

15

29

18

16




[@ REKK

RELATIONSHIP BETWEEN RAM AND
PRICE DIFFERENCES
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Remaining available margin (RAM) caps the traded volumes & rex
on day-ahead flow-based market coupling

Flow without Flow from assumed

any FIO.W . commercial

commercial reliability exchanges outside Fmax: maximum admissible
exchange margin the Core region power flow

CNEC RAM: remaining available margin AMR

+— Adjustment for
minimum RAM

At least 20% of Fmax

minimum RAM: 70% of Fmax

Frr:ax Flow margin for
LTA inclusion

—

CNEC RAM AMR | LTA

AMR

< g
G r 4 E i o >

Final RAM i v '
Flow from  Coordinated and
long-term  individual validation
nomination  adjustment




Fullfilling the 70% rule can bring substantial change & rexc

=  Minimum RAM requirement (the “70% rule”)

= In flow-based market coupling, TSOs must make at least 70% of each critical network element'’s
capacity available from January 2026 for cross-zonal trade in the day-ahead (and intraday) timeframes.

= Temporary derogations/action plans can apply where full compliance isn’t yet feasible.

= Currently, the minimum required allocated capacity (MinRAM factor) on the two critical internal lines (V.Dur
Levice1 and Neusiedl-Wien) is significantly lower than 70%.

= When V.Dur-Levice1 is an active constraints, the ex-post calculated RAM factor does not always meet even
this lower threshold.

= Because these lines drive sizable price differentials between the High-price Region and the Central-European
Region, ensuring compliance with the 70% minimum RAM requirement is critical to foster price convergence
and maximize social welfare.

Neusied! - Wien V.Kapusany - _

MlnRAM Factor 50% 70% 40% 70% 70%

constraint 49% 63% 60% 85% 81%
constraint 52% 69% 68% 88% 81%




Reduced RAM leads to larger price spreads & e

Cnec: Levice - God - Ram Cnec: Nosovice - Varin - Ram Cnec: V.Kapusany - Mukachevo (WPS) - Ram
Year 2024 2025 Year 2024 2025 Year 2024 2025
Month 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7Month 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 Month 1 2 3 4 9 10 11 12 1 2 3 4 5 6 7
0 908 910 933 944 904 878 826 822 884 912 929 883 898 901 931 909 911 853 875 0 1053 1083 1069 923 897 859 899 939 864 914 1072 1120 1067 1096 1122 966 945 845 932 0 1175 1044 1162 1244 723 871 1145 1131 1148 1114 1195 1197 913 874 915
1 914 912 935 943 906 878 827 823 882 912 927 884 899 913 929 914 909 859 882 1 1048 1082 1062 927 906 860 903 943 867 917 1063 1100 1075 1112 1128 973 957 837 933 11174 1037 1152 1248 721 871 1147 1130 1147 1147 1201 1202 913 869 913
2 910 913 932 942 903 879 829 820 875 914 899 879 898 908 937 907 905 874 877 2 1048 1078 1066 924 904 864 901 936 861 924 1056 1107 1064 1099 1134 973 964 844 923 2 1167 1029 1152 1243 696 856 1126 1128 1141 1135 1194 1187 898 851 899
3 902 911 934 938 902 874 824 816 865 908 888 873 895 885 925 904 905 866 861 3 1057 1069 1053 927 911 850 890 925 855 912 1070 1096 1058 1094 1129 954 945 839 913 3 1154 1021 1147 1236 661 810 1105 1105 1116 1109 1155 1146 874 843 876
4 897 897 929 929 874 878 814 818 847 903 877 855 869 847 904 881 909 891 894 4 1029 1060 1041 931 886 833 858 914 846 895 1061 1083 1063 1082 1106 917 941 844 911 4 1142 1008 1146 1230 623 768 1055 1059 1085 1051 1118 1112 859 880 872
5 878 8384 919 926 879 878 761 832 849 898 853 834 826 779 877 901 918 919 911 5 1016 1063 1037 915 881 844 874 912 833 882 1014 1040 996 1011 1063 933 950 852 928 5 1137 1027 1165 1247 ¢ * 660 770 1018 1009 1032 981 1084 1147 880 954 941
6 863 877 906 930 889 839 763 838 873 899 850 820 815 775 861 909 927 925 918 6 993 1061 1040 952 889 846 884 912 863 879 995 1009 930 977 1085 974 952 924 957 6 1109 1012 1183 1312 946 678 521 747 736 808 1014 972 984 965 1118 1233 934 1021 1007
7 871 894 907 932 901 897 773 853 879 911 855 820 824 814 884 918 934 926 920 7 1012 1076 1074 969 903 855 901 931 903 903 1042 1005 952 1039 1149 977 965 938 969 7 1107 1045 1212 1354 983/ 698 575 808 816 927 1053 978 993 1018 1194 1272 965 1036 1038
8 880 911 910 933 918 901 794 856 880 913 855 835 840 850 923 925 938 927 919 8 1045 1098 1087 969 896 862 904 929 914 916 1057 1030 1018 1114 1177 978 961 911 974 8 1156 1134 1259 1361 980 717 610 836 853 966 1099 1006 1041 1102 1238 1274 986 1042 1044
9 890 916 915 938 920 905 784 850 879 918 853 841 860 870 928 924 938 928 918 9 1065 1115 1088 970 898 875 904 919 906 910 1076 1057 1076 1155 1179 979 942 897 959 9 1186 1171 1270 1363 977 727 632 844 866 991 1121 1035 1096 1151 1236 1263 993 1033 1038
10 894 914 916 946 923 904 784 848 881 919 853 836 862 903 929 922 935 930 918 10 1080 1113 1089 958 900 882 908 916 900 906 1078 1064 1070 1162 1167 973 934 901 940 10 1195 1167 1271 1350 968 739 647 848 872 990 1131 1040 1103 1162 1232 1252 981 1032 1026
£ 11 887 907 915 945 917 902 772 845 882 919 833 841 860 872 917 920 £ 11 1082 1105 1094 940 894 884 897 919 892 905 1073 1065 1067 1147 1161 972 943 911 939 £ 11 1199 1151 1267 1327 944 745 631 831 850 966 1110 1036 1098 1157 1224 1238 970 1005 1012
2 12 886 904 913 942 909 896 767 839 878 914 838 833 855 863 912 917 2 12 1069 1114 1084 927 887 880 899 920 893 908 1070 1045 1031 1152 1142 967 934 907 936 £ 12 1175 1142 1254 1305 908 725 598 790 807 894 1077 1012 1058 1136 1188 1213
13 868 895 909 930 899 881 755 825 868 907 844 816 838 838 886 910 13 1049 1108 1075 928 892 871 896 937 875 919 1054 1028 990 1124 1130 950 938 886 924 13 1148 1105 1233 1240 873 676 543 726 750 799 1030 984 1012 1066 1144 1177
14 851 885 904 913 877 865 776 810 859 907, 840 810 803 779 856 897 14 1021 1089 1066 940 878 855 908 932 866 901 1022 993 948 1052 1111 937 14 1109 1060 1183 1167 817 636 514 632 648 693 995 952 975 995 1068 1112
15 814 826 888 900 856 861 790 791 843 88) 833 790 769 751 825 365 15 1000 1060 1054 937 877 872 907 928 862 1043 1060 912 15 1045 956 1133 1120 779 649 530 604 586 660 943 923 957 906 983 1044
16 826 820 903 894 849 866 814 792 834 875 827 787 777 745 809 781 16 1009 1065 1034 926 881 858 919 939 872 948 1065 903 16 1043 936 1119 1114 733 677 580 635 580 636 939 911 927 909 981 990
17 836 830 906 897 857 869 837 801 839 877 828 790 784 748 809 756 17 1015 1057 1041 918 877 878 938 953 858 949 1050 896 17 1055 951 1111 1133 755 706 605 659 592 663 957 927 995 911 994 979
18 841 869 906 900 853 870 825 790 837 885 830 794 798 760 819 745 18 1018 1066 1031 910 857 889 940 942 866 984 1087 912 18 1069 988 1119 1150 775 700 619 660 571 701 973 941 1010 963 1003 999
19 853 891 903 912 851 867 822 792 842 902 839 791 800 772 822 768 19 1018 1065 1031 905 848 883 931 935 833 985 1069 911 19 1092 1033 1133 1176 757 689 613 657 542 744 994 963 992 975 1013 1053
20 868 892 915 928 896 877 818 783 834 90 853 820 835 798 839 821 20 1009 1052 1023 908 874 887 923 923| 818 863 1027 1066 905 20 1122 1051 1171 1283 936 704 600 681 595 803 1031 1006 1043 1038 1087 1121
21 894 905 926 933 904 874 814 786 847 910 865 851 861 808 828 863 21 1019 1083 1035 908 881 907 906 918 836 904 1005 1054 1041 1051 1047 925 21 1158 1070 1194 1282 943 709 576 710 660 834 1090 1061 1075 1084 1142 1158
22 895 915 925 940 904 874 817 779 877 907 883 863 851 806 864 890 22 1032 1083 1055 914 878 861 900 927 857 915 1050 1093 1020 1051 1071 963 22 1165 1058 1194 1253 911 666 532 721 701 841 1123 1094 1106 1112 1172 1170

23 912 912 935 942 906 878 821 813 887 910 893 832 872 843 898 914 23 1037 1092 1069 922 897 858 901 927 866 915 1105 1113 1036 1058 1092 970 23 1160 1055 1167 1257 907 660 528 741 723 854 1166 1115 1140 1121 1196 1188
Cnec: V.Dur - Levice 1 - Ram Cnec: Neusiedl - Wien Suedost 246A - Ram Total price spread: DE-HU
Year 2024 2025 Year 2024 2025 Year 2024 2025
Month 1 2 3 4 5 10 11 12 1 2 3 4 5 6 7 Month 1 2 3 4 9 10 11 12 1 2 3 4 5 6 7MMonth 1 2 3 4 5 0 11 12 1 2 3 4 5 6 7
0 781 829 873 868 662 804 1001 937 923 931 1023 962 700 689 704 0 211 214 213 221 235 0 6 9 -1 -1 4 -2 17 22 18 19 10 4 4 12 3]
1 775 827 873 867 665 797/1005 946 929 939 1030 963 698 693 703 1 211 204 214 219 230 1 6 8 -1 -1 3 41 15 19 16 16 8 4 3 11 3
2 776 821 869 863 663 795/1002 933 930 939 1022 956 693 677 691 2 210 200 212 216 233 2 5 6 -1 -1 4 2 16 19 13 17 9 5 3 10 2
3 770 821 870 853 665 79111002 924 921 922 1003 938 690 669 664 3 208 193 213 215 223 3 6 6 -1 0 3 5 18 22 16 18 11 6 4 10 3
4 770 813 865 844 621 771 984 892 883 860 978 922 683 676 669 4 203 199 219 206 251 4 9 11 0 1 5 13 23 31 24 27 15 6 5 5 1
5 755 809 854 836 635 757 951 850 823 820 948 926 689 706 679 5 194 186 229 196 252 175 5 13 14 2 2 0 14 40 45 34 47 17 2 2 3 -
6 740 802 832 856 657 783 934 825 804 818 947 962 705 719 708 6 187 187 220 205 201 169 6 14 11 0 -5 -1 0 6 3 1 3 54 5 40 5 6 -1 0 1 -3
7 733 803 835 878 685 827 944 817 803 834 975 1001 733 727 757 7 185 188 217 202 248 154 . 7 10 6 -2 -5 -3 0 2 6 0 -1 64 38 24 13 5 -6 2 1 -3
8 736 825 843 896 709 849 941 817 817 860 999 1044 760 763 776 8 184 182 216 211 264 144 ThlS network 8 7 4 2 8 3 3 5 11 1 -3 37 2 17 9 3 5 9 1 -
9 745 832 853 918 719 861 940 821 840 884 1026 1053 782 790 782 9 187 183 220 218 268 151 . 9 6 3 3 6 2 8 10 16 9 5 29 17 14 7 5 -1 10 5 1
10 745 832 857 930 722 873 939 824 846 891 1031 1055 780 790 782 10 187 182 224 217 266 element IS nOt 0 5 3 2 -3 2 11 17 24 10 -5 32 19 15 9 9 2 16 11  §
g 11 741 823 857 921 708 867 929 816 842 888 1026 1046 774 780 776 g 11 190 183 227 217 248 t fﬂ g 11 5 4 0 -1 -1 2
2 12 734 816 848 908 689 827 929 798 825 8751012 1031 761 759 760 £ 12 194 186 225 218 248 par 0) ow- 2 12 7 s 2 2 =2
13 729 802 841 789 923 792 799 842 992 998 13 194 182 220 210 252 : 3 9 7 2 1 2
14 711 794 825 741 915 783 783 805 942 951 14 191 177 212 206 237 171 based domaln 14 11 7 2 2 5
15 683 741 807 727 884 780 743 766 866 887 15 185 177 209 199 206 15 18 11 4 3 7
16 692 742 819 715 873 778 751 772 854 842 16 185 172 217 205 229 16 18 11 1 2 11
17 702 756 820 722 874 780 760 778 854 849 17 189 173 212 199 225 17 14 12 2 2 15
18 706 784 829 723 882 789 771 781 858 853 18 188 178 224 193 222 18 14 12 2 3 27
19 719 804 834 742 901 802 773 783 863 859 19 190 181 224 200 207 19 12 12 4 3 20
20 739 819 849 777 922 832 802 808 887 895 20 195 185 213 199 206 20 8 11 4 2 4
21 761 828 864 793/ 956 876 841 836 890 917 21 199 190 215 207 208 210 6 7 2 3 10
22 768 824 867 782 983 901 846 831 929 928 22 206 202 217 219 236 22 5 5 0 3 8
23 778 829 870 806/1000 927 887 883 972 945 23 209 221 215 222 239 23 7 1




: : : .
Strong correlation between the price difference and the RAM & rexc
of the critical network elements

= Price spreads correlate closely with the RAM on the key CNECs driving them.

= July 2024: For all four elements —except Levice-God — capacity is scarcest at night and especially in the
afternoon, coinciding with the extreme price differences.

= September 2024: Scarcity is most evident on Nosovice—Varin and Dur-Levice, primarily in the afternoon.
= Jan-Feb 2025: Low RAM is most pronounced on Levice-God during the hours with large price spreads.

= Summer 2025: Afternoon prices rise again (well below 2024 peaks), driven by recurring RAM scarcity on
the same lines.
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RAM is significantly lower, price difference is significantly £ revk
higher when a critical CNEC is active constraint

DE-HU Price | Dur-Levice 1 RAM DE-HU Price spread | Neusiedl-Wien
2024 Jul
Active FB constraint
average

Active FB constraint-average
N ive FB traint-
43 637 No constraint average 38 211
average

= Focusing on July 2024, it is clearly visible in the case of Dur-Levice and Neusiedl-Wien (afternoon

hours) that for non-active constraint hours the average RAM is significantly higher, while the price
difference is much lower

= V. Dur-Levice: When this CNEC is an active constraint, average RAM is more than 20% lower and the DE-
HU price spread is ~170% higher than in non-binding hours.

= Neusiedl-Wien: When it is an active constraint, average RAM is ~25% lower, while the associated DE-HU
spread is ~600% higher compared with non-binding hours.
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Very high daily swings across RAMs of CNECs

2024.07.01
2024.07.02
2024.07.03
2024.07.04
2024.07.05
2024.07.06
2024.07.07
2024.07.08
2024.07.09
2024.07.10
2024.07.11
2024.07.12
2024.07.13
2024.07.14
2024.07.15
2024.07.16
2024.07.17
2024.07.18
2024.07.19
2024.07.20
2024.07.21
2024.07.22
2024.07.23
2024.07.24
2024.07.25
2024.07.26
2024.07.27
2024.07.28
2024.07.29
2024.07.30
2024.07.31

= RAM changes significantly within a short period of time:

8

Dur_Levice RAM

9

10

11

12

13

14

15

17

18

19

20

21

22

23

582

584

579

562

536

623

623

624

692

694

670

623

594

524

518

524

637

642

599

604

604

554

536

536

552

535

532

525

535

554

539

571

605

620

622

600

601

581

570

574

580

616

604

609

607

558

548

542

532

521

516

544

561

643

622

629

657

662

649

635

630

617

625

606

670

658

644

593

621

559

521

524

531

522

530

532

538

567

557

553

604

587

612

577

597

630

559

548

576

572

601

576

574

561

505

531

553

550

551

540

525

521

536

545

530

524

518

521

510

499

513

523

510

516

543

508

507

536

543

539

529

535

533

532

533

544

537

569

612

644

625

622

614

572

546

530

529

578

582

541

529

546

562

563

565

573

567

573

569

588

610

633

699

681

668

715

715

688

639

610

577

602

579

562

550

551

607

598

654

631

629

640

664

641

633

665

696

738

758

741

724

668

638

620

577

557

518

521

523

550

543

549

554

561

574

573

538

541

581

622

558

624

719

746

741

629

607

589

589

569

573

583

582

567

514

518

424

484

532

481

515

515

514

529

557

575

596

558

573

513

510

526

570

582

575

582

541

436

531

468

460

543

543

550

530

523

525

535

583

610

595

570

555

523

512

515

572

584

585

595

570

531

549

446

550

494

559

437

506

371

530

558

560

561

580

569

557

546

537

536

527

514

473

572

486

512

528

455

534

526

469

540

541

401

484

546

554

553

576

562

568

571

542

479

357

300

261

230

285

334

511

517

448

447

489

491

524

529

550

566

596

593

591

643

629

562

531

518

514

514

527

496

499

529

510

455

456

524

453

428

536

482

416

511

557

563

562

561

563

553

471

559

574

513

515

577

469

438

549

542

538

550

547

420

541

360

400

504

556

561

563

554

534

535

498

457

451

570

421

397

413

502

519

427

441

459

479

481

511

340

454

554

567

560

555

550

535

407

513

438

448

556

545

347

382

313

498

490

447

499

499

448

473

395

440

531

540

558

560

554

534

520

527

566

571

559

451

556

390

545

515

361

425

556

438

402

500

451

488

560

552

550

550

545

537

536

482

444

422

404

456

386

426

371

498

262

308

290

281

298

495

374

471

561

572

552

554

549

538

507

395

417

389

376

374

376

376

343

556

398

408

430

442

446

526

419

544

549

568

557

583

578

563

545

467

502

449

495

542

542

454

522

530

512

537

547

521

512

514

721

750

791

797

835

852

835

816

791

739

717

656

649

631

629

633

630

621

639

680

693

691

667

609

695

729

727

715

717

709

724

695

616

629

662

663

680

675

662

734

649

658

643

639

611

608

628

632

662

676

712

709

712

698

709

629

579

627

629

636

641

633

695

731

727

742

753

723

747

687

695

725

729

733

731

705

692

678

673

628

646

668

643

660

656

657

613

641

629

634

644

597

595

662

712

779

791

777

793

790

757

724

659

630

656

627

612

609

644

627

648

657

658

650

666

685

707

747

763

803

832

840

844

858

847

811

780

741

696

688

684

691

704

697

750

732

730

739

750

751

750

756

786

816

840

865

885

901

900

842

774

792

798

791

772

789

820

800

763

758

802

804

797

780

723

734

794

835

851

856

848

858

860

803

765

712

674

655

650

634

683

700

764

787

810

819

It is often observed that the available capacity is higher during the midday hours, while it is 20-25% lower during the
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critical afternoon hours of the same day.

It is also common for capacity at a given hour to be twice as high as it is at the same hour a day later.
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Neusiedl Wien_ RAM
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0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
236 272| 244| 232| 231| 227| 224| 226
184| 187
239
287| 288
199| 231| 254| 270| 274| 273| 270| 265| 260| 246| 221| 191| 171
229| 236| 262| 272| 282| 268| 272| 260| 245| 239| 200| 174| 162| 150| 148| 157| 154| 148| 157
162| 165| 168| 171| 173| 198| 195| 218| 212| 234| 237| 243| 235| 211| 194| 178| 158| 152| 155| 155 150
143| 170| 194| 200| 218| 229| 237| 239| 234| 211| 200| 186| 155| 151| 150| 144| 140| 127
168| 180 155| 151| 148| 144 149| 139
132| 145| 168| 185 209| 227 176| 165| 151| 142| 144| 157
165| 193
195| 187| 187| 182
192| 192 194
204
185 258| 243| 228| 198| 175| 168| 170| 175| 176| 185
216| 192| 184| 173| 186| 176| 177
176 170| 181 186| 190 188
193| 185| 183| 198| 182 183| 179| 200
200

Note: If the cell is empty, the network element is not part of the domain.
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The 5% rule also can play an important role in price ’-@ REKK
differences: the example of Neusiedl-Wien

800

. ﬁ = The “5% rule” (PTDF threshold) in flow-based

market coupling
600

500 ﬂ calculation only if, for that hour, at least one
Core zone-to-zone exchange has a max

0 ﬂ |PTDF| = 5%

R = a CNEC isincluded in the flow-based

EUR/MWh

300 = Hourly, on/off effect: because the rule is applied

per time periods, a line can be binding in one
\Aj hour and absent the next, purely due to small

200

AL

2024.07.08  2024.07.09 2024.07.10 2024.07.11 2024.07.12 2024.07.13  2024.07.14

PTDF changes.
= Case study — Neusiedl-Wien:

= in hours when the line meets the 5%
threshold and becomes critical, it is

DE-HU Price spread Price difference caused by associated with an average DE-HU price
2024. July (EUR/MWh) ] zé’:’J';?MSW“ﬁ;’W 246A spread is higher than €110/MWh;

Average if Neusiedl - Wien Suedost - = in the very next hour, if it falls below 5% and
240A1IS notinthe domain is excluded, it no longer drives a spread.

Average if Neusiedl - Wien Suedost 97
246A is in the domain
Average if Neusiedl - Wien Suedost
246A is active constraint A Al

In the domain === DE-HU Price spread == Price difference caused by Neusiedl - Wien Suedost 246A
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DETERMINING THE COMBINED EFFECT OF
FACTORS: REGRESSION ANALYSIS
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. i L. [@ REKK
Model specifications and database variations

= Dependent variable: Consumption-weighted difference in DAM prices between DE and the High-
price Region [EUR/MWh]

= Explanatory variables
= Consumption data: regional load [MWh]

= Generation data: PV, wind, hydro and nuclear production in the region, and variable RES-E in Germany
[MWh]

= RAM of critical elements in the FB domain, in the region [MW]

= German DAM price [EUR/MWh]
= Datasets:

= entire period (January 2024 — July 2025)

= high price period (one year period between end of March, 2024 and beginning of April, 2025)
= 2 models for each period: DE_DAM level included/not included

= the results vary slightly depending on the model specification, but they can be considered robust to the
main variables.
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Robust regression results

= R2over 0.3 - the models explain over 30% of
the variation in price differences.

Effects of explanatory variables (other factors held
constant)

= A1 GWh increase in regional load raises prices
by 5.9 EUR/MWh.*

= A1 GWhincrease in PV, wind, nuclear, or
hydro generation on a regional level lowers
prices by 5.4, 7.7, 9.5, or 2.6 EUR/MWHh,
respectively.*

= A1 EUR/MWh rise in German DAM price
reduces price difference by 0.297 EUR/MWh.

= Increasing RAM by 100 MW for the included
critical network elements cuts price differences
by 1.1-3.5 EUR/MW.

*Under the 1st specification

[@ REKK

Dependent variable

Specification

N
R Square
Adjusted R Square

(Constant)
Load_Regional
PV_Regional
Wind_Regional
Nuclear_Regional
Hydro_Regional
DAM_DE
DE_VRES
Levice_God_RAM
Dur_Levice_RAM
Nosovice Varin_RAM

Price difference between DE and the region,

[EUR/MWh]
1 2
Entire period
12725 12725
0.334 0.302
0.334 0.301

Coefficients

33.5720#*** 30.8303*+* -26.8921x+*

0.0059 %+
-0.0054 #**
=0.0077 #*x
=0.0095%**
-0.0026***
-0.2974 %%

0.0003 =
-0.0348#**
=0.0111 %
=0.0277 **

0.0041 #**
-0.0052**+
-0.0073#**
-0.0082**+
-0.0027 #**

0.0012 ==
-0.0312**+
-0.0209**+
-0.0212***

3 4
High price period
7877 7877
0.380 0.330
0.379 0.329

4.1637
0.0073#***  0.0045%+
-0.0067**+  -0.0064 ***
-0.0087**+  -0.0080***
-0.0084*++  -0.0084 ***
0.0010*+=  0.0000
-0.4160 %=
0.0004#**  0.0016**=
-0.0208+**+  -0.0307 ***
-0.0212%#x  -0.0352%xx
-0.0065 -0.0032
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Availability of CNECs are as important as supply-demand

patterns

9%

B Load_Regional
m PV_Regional
Wind_Regional
Hydro_Regional
B Nuclear_Regional
B FB total effect
B DE_VRES
m DAM_DE 67%

Unexplained variance

3%

1%
1%

8%

3%
2%

—

p—
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50%

40%

30%

20%

10%
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[@ REKK

Relative importance of explanatory variables: Regression 1 (Full dataset)

FB_total effect

PV_Regional

Load_Regional

= We examined the relative importance of each variable: this shows how much of the price

difference each variable explains

= The RAM variables related to network elements together account for a quarter of the explanatory

power, meaning that based on the regressions they clearly influence price differences.
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What influences the development of RAM the most? & rexx

Dur_Levice_RAM Dur_Levice_Fo0all
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
. 2024.07.01[ 582 584] 579] 562 536 623] 623] 624 692 694] 670 623 594] 524] 518 524 637] 642] 599 604] 604] 554] 536 53¢ 2024.07.01| 643| 624] 624] oauy. -~*| 542] 519 502] 436 432] 448] 491] 513] 556 600] 619 547] 538] 573 610] 555 637] 579 585
I n t h e Ca S e Of t h e eXa m I n e d 2024.07.02| 552| 535| 532| 525| 535| 554 539 571 605| 620| 622| 600| 601| 581| 570 574| 580| 616| 604| 609| 607 558‘ oy 542 2024.07.02] 572| 583] 591 589 650 609] Sve f”“ 533‘ 523‘ 532| 545| 545| 549| 598| 635 651| 673| 654 665| 651| 648 615| 575
2024.07.03|_ 532 521 516] 544 561 643] 622] 629 657] 662] 649] 635 630] 617] 625 606 670] 658| 644 593 621] 5eo; 21| 524 2024.07.03|_575] 588 593] 562| 572 518 511| 505| 486l 492 498 505[ 503[ 489] 508| 500 521 533 576] 554 581] 664 635
2024.07.04| 531| 522| 530| 532| 538| 567| 557| 553| 604| 587| 612| 577| 597| 630| 559| 548| 576| 572| 601 576| 574| s561| 505 531 2024.07.04| 575 591| 623| 636 648| 608) 572| 554| 527| 539| 513 .72 534| 481| 607| 660| 665 674 696| 724| 691| 715 724| 704
n etWO rk e | e m e nts FO a | | a n d 2024.07.05| 553] 550] 551 540[ 525 521| 536] 545] 530] 524 518 521] 510 499] 513[ 523 510 516 543] 508] 500 536[ 543 539 2024.07.05| 673 692 683[ 651 654] 674] 650 652 596 615] 595] 618] Sway "ol s8] 656 652] 690] 755] 755 750] 751] 694] 686
i 2024.07.06| 529| 535| 533| 532| 533| 544| 537 569| 612| 644| 625| 622| 614| 572| 546| 530| 529| 578 582| 541| 529| 546| 562| 563 2024.07.06| 680 694| 701| 678 659| 628| 577| 551| 529| 502| 529| 543| 546| 572| wva., 645 703| 717| 725| 725| 737| 738 678 585
. 2024.07.07_565] 573 567] 573 569 588] 610 633] 699 681] 668 715] 715] 688] 639 610] 577] 602 579 562[ 550] 551| 607 598 2024.07.07|_589] 590 605| 584] 604 564] 535| 506] 472 490] 503[ 457 4so| 470 49| 523 -sal 531 se0| 614] 599 663] 519 525
F u af a re th e m a I n C a u Se Of th e 2024.07.08|_654| 631 629] 640| 664| 641 633 665 696| 738| 758| 741 724| 668| 638| 620] 577| 557| 518 521 523 550 543 549 2024.07.08|_484] 493 492| 480| 466| 457| 447| 425| 388| 351| 339| 343| 357| 417 463| 475| 527] >a| 613| 578] 603| 621] 759 675
2024.07.09| 554| 561| 574| 573| 538| 541| 581| 622| 558 624| 719| 746| 741| 629| 607| 589| 589 569| 573| 583| 582| 567| 514 518 2024.07.09| 636 628| 635| 654 655| 592| 538 531| 535| 490/ 409| 393| 404| 480| 512| 508 546| 575| 591| 609| 603| 653| 790 746
. 2024.07.10_424| 84| 532] 481| 515 515| 514] 529 557 575| 596 558 573] 513| 510 526 570] 582| 575 582[ 541] 436 531| 468 2024.07.10_750] 776 734] 728 704] 669 606| 561] 554 532] 521 557] 548 636 656] 679 665| 661 678 685] 717| 775| 729 747
d e C r‘ea Se I n RA M th e ro | e of 2024.07.11| 460| 543| 543| 550| 530 523| 525| 535/ 583| 610| 595| 570 555| 523| 512 515  5/2| 584| 585| 5Y5| 5/0| 531 549| 446 2024.07.11 756 755| 670 671 713| 731] 672| 595| 545| 516| 541| 563| 571| 633| 658| 641 636| 615 618| 648| 679| 661| 823| 781
] 2024.07.12| 550 494| 559] 437 506 371 530] 558 560| 561] 580 569 557| s46| 537] 53] 527] s14| 473 572 486| s12| . 28] 455 2024.07.12 779] 749] 769] 788 788| 821 684 680] 619 583] 588 628 677] 663 694] 649 ,us| suz| sow| swe) sor] souy 832 812
. . . . 2024.07.13| 534| 526| 469| 540| 541| 401| 484 546| 554| 553| 576| 562| 568| 571| 542| 473| 357| 300| 261) 230| 285| 334| '11] 517 2024.07.13| 838| 805| 804| 755| 766| 809| 799| 769 694| 609| 614 605/ 609| 628 671 717, 800| 846| 881| 912| 898| 881 9_9 770
2024.07.14]_448| 447 489] 491] 524 529 550] 566 596] 593] 591| 643 629 se2| 531| 513 514] 514] 527 496 499] s29] :10[ 455 2024.07.14_771] 723 684] 687 677 681 639 598] 551 545 548[ 510 521 553 594] 60t| 657 683] 689 704] 698 680] 09 805
I O n g _te r m a | | O Ca tl o n I S m I n I m a | . 2024.07.15| 456| 524| 453| 428| 536 482| 416| 511| 557| 563| 562| 561 563| 553| 471| 5f)| 574| 513| 515/ 577| 469| 438| ! E 542 2024.07.15| 741 741| 751| 804| 825| 839| 808| 749 717| 693| 667| 661 679| 743| 751| 72( 750| 731| 737| 749| 766| 772 E 819
2024.07.16| 538 550] 547] 420 541 360] 400 504 556] 561| 563 554] 534] 535 498 4c7[ 4s1| s7o| 421] 397 413] s02 2024.07.16]_809] 790 772| 789 791] 843[ 809 729] 666 665 662] 681 746] 789 759] 77 | 821] 825 819] 84| saz| 822] 51 763
2024.07.17|_441| 450 479] 481| 511| 340| 454] 554 567| 560| 555 550| 535| 407| 513| 4:3| 448] 556| 545| 347 382] 313 2vem.2717|_770] 749] 729] 715| 848| 867| 845| 746] 713| 706] 693 723| 764| 807 792| 81| 803| 772 so3| 73| sza| 901] 17| 747

2024.07.18| 447| 499| 499| 448| 473| 395| 440| 531] 540| 558| 560| 554 534 520| 527| 5€5| 571 559 451 556 390| 545
2024.07.19| 425| 556| 438| 402| 500| 451| 488| 560| 552| 550 550| 545| 537| 536| 482| 4<% 422| 404| 456 386| 426| 371

M M 2024.07.20( 308| 290| 281| 298| 495| 374| 471| 561| 572| 552| 554 549| 538 507 395| 41.' 389| 376| 374| 376/ 376 343
n e Case O eUS|e - |en 2024.07.21| 408 430[ 442] 446 526 419 544] 549 568| 557] 583 578 563] 545 467| 502| auv) avs| ous| ous| ace| ocz

2024.07.18|.. ]| 690| 693| 723| 747| 774| 759| 700| 691 660 649| 651| 702| 714| 740| 76(| 814| 795| 778| 825| 839| 832| (75| 829
2024.07.19 795w 76| 777] 809| 824| 762| 731| 637] 587 622] 617] 650 642| 691 775| 81 | 821| 841 817 859| 822| 85| i51| 883
2024.07.20( 845 8‘9\“60 847| 837| 819| 745| 665 626| 596| 599| 595| 622| 685| 746| 74.| 796| 799 809| 813| 811 824) 59| 794
2024.07.21| 757| 745| 74w, 751 735| 765| 768| 753| 703| 690| 642| 648| 643| 693| 734| 725 727| 693| 715| 717 751 717| /63| 734

2024.07.22| 537| 547| 521| 512| 514| 721 750| 791| 797| 835| 852| 835 816| 791| 739| 717| 656 649 631 629| 633| 630| 621| 639 2024.07.22| 696 696| 680| 6.2 733| 431] 412| 398| 396| 361| 342| 358| 375| 397| 434| 483| 543 oo4| ov4| ovo| wid| sz 580 556

. 2024.07.23_680] 693 691 667 609 695] 729 727 715 717| 709 724] 695 616] 629 2024.07.23]_521| 518 519 531] <72 468| 464| 488 497 497 508| 495] 510] 568] 559

a n d D u r— LeVI C e F O a I I C h a n g e S 2024.07.24| 662| 663 680 675 662 734| 649] 658 643| 639] 611] 608 628 632 662 2024.07.24] 521[ 529 508[ 510] S0u, 430] 519 526 562 562 599 585[ 552] 555| 519
! 2024.07.25]_676] 712| 709 712| 698 709] 629 579| 627] 629 636] 641| 633] 695 731 2024.07.25]_509| 488| 487 475 471 443 529 572| 569| 569| 566 550 548 482] 455

. 2024.07.26 727] 742| 753 723| 747] 687| 695 725 729] 733| 731 705 692] 678| 673| 628] 646] 668 643| 660 656] 657| 613 641 2024.07.26_459| 445 442| 460| 429| 457, 441 440| 451 452| 455| 480] 459] 461| 457] 509] 528 525 546 527 526 513| 559| 522

h ave a g re ate r | m p a Ct O n R A M 2024.07.27_629] 634| 644] 597 595| e62| 712 779 791] 777| 793 790| 757] 724 659| 630 656] 627| 612 609] 644| 627| 648 657 2024.07.27|_545| 539 532 590 596 487| 2| 393| 384| 393 385] 390] 410] 438] 462] 487] 535 565 590| 577 547 538 535 520
U 2024.07.28_658] 650| 666 685 707] 747| 763| 803| 832| 840| 844| 858 847] 811 780| 741| 696| 688| 684 691] 704] 697| 750 732 2024.07.28]_508| 518 501| 482| 456 426| 412, 382| 350| 333| 329| 320] 301| 331] 354] 430] 504| 546 543| 539 517 512| 464| 485

. . 2024.07.20_730] 739 750 751| 750] 756] 786 816 840| 865| 885| 01| 900| 842 774 792| 798| 791 772| 789] 820] 800| 763 758 2024.07.20|_485| 477| 473| 474| a56| 463 435 2| 403| 374| 365| 358| 337] 365| 418] 41a] 419| 4as| 4ca| 443| 13| a1s| 438 4so

W h | | e fo r th e ot h e r I | n e S F u af O r 2024.07.30_802| 804| 797] 780 723 734| 794| 835| 851| 856| sas| 858 860| 803| 765 712[ 674] 655 650 634] 683] 700 764 787 2024.07.30_416] 415| 415| 445| 470] 461 420 374, 368| 364| 378 368| 358] 396 420] 458 514] 559 579] 578] 509 s07] 440 433
2024.07.31| 810| 819| 795| 768| 756| 747| 824| 858| 827| 828| 824| 836| 844| 813| 774| 740| 726| 721| 696 672| 679| 674| 663| 730 2024.07.31| 411| 409| 422| 441| 445 437| 392 345‘ \"1 369| 370/ 356| 344| 366| 403 455| 507| 540| 546 525| 533| 529 567| 514

both parameters may play a

Dur_Levice_Fuaf Regivn_DE_PS_weighted
M M f M | 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 0 1 2 3 4 5 6 7 8 9 ‘0 11 12 13 14 15 16 17 18 19 20 21 22 23
S I g n I I Ca nt ro e . 2024.07.01| 134| 130| 136| 154| 180 134| 154| 170| 168| 171 179| 183| 190/ 216| 198| 192| 116| 119 128 112| 139| 162| 183| 179 2024.07.01 8 12 14| 18 16 5 6] 4 6 2] 8, 20] 41 65 80| 111 126| 172| 187 141 79 84 21 24
2024.07.02| 174| 180 184| 191| 182| 163| 178 158 159| 156| 145 154| 153| 169| 147 145/ 137 101| 113| 109| 111 158 168 181 2024.07.02 21 18 15 19 21| 2 5| 5 3 [3 8 15| 20 28 24 24 24 37 63 15! 11 21| 24 24
2024.07.03| 191| 195| 200{ 194| 167| 140 166/ 166/ 156/ 155/ 159| 166 165| 179| 186/ 186/ 130/ 121| 122| 130| 124 158| 197 193 2024.07.03 22 21 19 16 9 1 11 3] 11 14 19 1.‘| 25 44 44 22| 22 30 45 39 27 29 41! 44
2024.07.04| 193| 195| 187| 185| 180 152 170/ 192| 168| 174| 174] 160| 168| 189 159 170 142| 146| 116| 141| 143| 156| 214 187 2024.07.04 55 63 67 66 54 61 63 74 74 76 82 80| 102| 151| 187| 170 104 72| 60| 30 24 30 64 59
2024.07.05| 165 168| 167| 178| 194| 198 183| 173 189 194| 199| 196| 206| 218| 205/ 194/ 208/ 203| 174| 209| 210{ 180 175/ 178 2024.07.05 56 55| 63 63 49 36 14 7] 11 20 39 48! -3 69 69 54 44 85 56 30 31 18 42! 48
M 2024.07.06| 187| 183| 184| 186 184| 174| 187| 180 159| 154| 146 134| 140| 156| 172 186 188 139| 136| 176| 187| 171 155/ 154 2024.07.06 45! 51 50| 58 63 56 48 29 16 22| 43 52 58 62| 107 94| 102| 118 142| 114 89 77| 85 80
S I n Ce t h e FO, a | I fo re C a Sts Of t h e 2024.07.07| 152| 144| 149| 143| 148| 147| 153| 161| 129 128 129| 128| 126/ 141| 165/ 166/ 168 166/ 160/ 155/ 167| 166/ 173| 176 2024.07.07 81 78 64 45 22 4 1 3 5 9| 14 18! 18] 19 48 71 85 84 56 42 11 12| 12! 11
2024.07.08| 162| 175| 179| 179| 170{ 200f 213| 203| 210/ 206| 197| 211 213| 213| 198| 204 195/ 200/ 199| 200{ 193| 166| 173| 164 2024.07.08 9 3| 4 4 9 3 8| 8 9 24 35 36 40 25 39 49| 112| 185/ 117| 183 95 63 34 13
2024.07.09| 163| 155| 141] 143| 179 177| 176 142 201| 182 167| 156/ 150/ 188 182 202| 164| 155/ 144| 135/ 135| 151| 204 197 2024.07.09 5 1] -3 -6 -9 -4 -14 -6 5 7| 10 33! 44 74, 55 62| 121 173| 163| 103 41 50 52! 41
TS O S a re n Ot t ra n S p a re nt t h e 2024.07.10| 213| 209| 185 179| 204| 203| 199/ 205/ 184| 190/ 179| 180 175| 206| 209 193 149| 138| 140| 135| 177| 179| 187 175 2024.07.10 36 25| 3 21 16 1 5| 3| 4 8| 23 37 41 45 55 72| 138| 280 254| 143 84 99 45! 24
U 2024.07.11| 177| 174| 174| 167| 188| 196/ 192| 181 170/ 171| 162| 165 173| 194| 207| 203| 146 132| 132| 121| 146| 187| 170[ 167 2024.07.11 19| 19| 15 14 10 -5 5| 4 8 14 30 47 58 59 74| 132| 326| 411| 390 347| 217| 218 69! 54
. . . 2024.07.12| 168| 150[ 158 169| 213| 201 187 159 157| 156| 137| 148 160[ 172| 183| 183| 161 162| 151| 146| 140| 165| 189 189 2024.07.12 24 26 15 36 18 47 20 0 2 3] 9 17 28 58] 59| 1121 ey vy aoo)  aoo, 111 78
RA M Va | u e I S d Iffl C u |t to 2024.07.13| 183| 183| 182| 175 175| 181| 185 171| 164| 164| 141 155 150 146| 175| 202| 233| 245| 249| 250| 208| 176| 206| 200 2024.07.13 60, 59 60 62] 54 51 14 16 18] 25 34 39, 57 82 98| 13€ 256 395| 421| 359| 214 140 71 78
2024.07.14| 218| 221| 218| 214| 192| 187 167/ 151 152| 160| 159| 146 149| 184| 186/ 199/ 204/ 192| 190| 190| 192| 181 205 190 2024.07.14 60 66 63 63 50 13 19 19 20 37| 55 70| 84 87 99| 9! 160/ 309 312| 315/ 121 82 66| 54
. . 2024.07.15| 194| 192| 192| 197| 180| 161| 176 142| 161| 156 157| 158 157| 166| 179 159| 146 149| 142| 141 155| 181| 169 175 2024.07.15 55 39 36 41] 20 6 25 15 24 37| 58] 72 88| 75 62] 6| 314| 447| 428| 384 200 114 80| 45
m O n Ito r a n d p re d I Ct 2024.07.16| 179 167| 170 182| 177 187| 180 157| 163| 157 157| 165/ 186 184 222| 178 145/ 147| 154| 155/ 159| 188 198/ 203 2024.07.16 47 55 51 42 23 36, 24 25 34 57 85| 100| 107 130{ 155| 17: 342| 472| 576 504| 161 83 i 54
. 2024.07.17| 193| 192| 191| 198| 205| 191 170/ 165/ 153| 159| 159 169| 184| 193| 172 157| 142| 161| 172| 169| 178| 199| 217 226 2024.07.17 35 38 31 24 25| 12 9| 18 24 38 49| 63 80 97| 103| 16¢| 382| 533| 548/ 573| 291 182 95| 43
2024.07.18| 226| 216| 218| 221| 244| 219 192| 160/ 161| 161| 160[ 165| 185 187| 185| 137| 146 159| 164| 161| 162| 172| 202( 201 2024.07.18 24 21 17 11 -2 24 11 11 26 38 52 57! 63 54 66| 12¢ 394| 545| 556/ 431 270 46 E 25
2024.07.19| 169| 160| 175 180| 218| 180/ 176/ 160/ 169 170 170{ 176 184| 183| 217 155/ 150/ 148| 156| 147| 145| 167| 221| 242 2024.07.19 16 7] 4 4 -4 -7 0| 2] 12 26 34 58 61 62 61 50| 207/ 617/ 587 329 78 43 300 41
2024.07.20| 234| 241| 248| 241| 222| 203| 186/ 157| 146 167| 165 168| 181| 200| 248| 232| 202 214| 205| 200{ 203| 223| 161 198 2024.07.20 22| 17 12 7] 7] 5 6] 7 35! 42 66 69! 75 92 96 X 115/ 271 366| 250/ 100 59 89| 101
2024.07.21| 223| 215| 199| 191 189| 205/ 173| 152| 149| 159| 134| 139| 154| 172| 189 206/ 212| 199| 175 175| 185| 195 183 201 2024.07.21 87 71 57 31 16 21 25 37 38 34 36 41 50 54 79 4ac 27 71| 123 73 27| 22 16 21
2024.07.22| 176| 166| 193| 201| 203| 152 141| 114 112 109 111| 111 114 117 131 105 99| 90, 91 92 89| 101| 103 109 2024.07.22 21 20 23 24 32 27 15 25 27 33| 43 67 83 97 90| 111 oo EeslAes ot . o7 36 26
2024.07.23| 102 92| 93| 105 123 142 112 91 93! 90 86 85| 100{ 121 116 2024.07.23 22 22| 20 17 1] 6 13 14 23 30 40 51 59 61 79 35 55| 211] 300/ 102 28 23 24 22
2024.07.24| 121| 113| 115 119| 137 142| 137/ 121| 100/ 104| 111| 114 124 117 122 2024.07.24 25 19 18 20 9 -8 35 36 45 66 91 91! 95| 134| 171 174] 133| 209 265| 118 18 11 66 40
2024.07.25| 118| 104| 109| 117| 135 154| 147| 154| 109| 107| 103| 113| 123| 128| 119 2024.07.25 28 22 20 14 29 45! 35 34 41! 64| 77 96| 105 97 89 74| 199| 303 324| 180 87 60 19 8
2024.07.26| 119| 117| 110{ 121| 129| 162| 169 140 126/ 121| 120{ 121| 156 167| 176/ 168| 131| 112| 116| 119| 123| 135 133| 142 2024.07.26 8 8| 6 9| 9 -6 -3 -1 4 0 4 6 9| 13 11 22| 34 74| 144 36 26 22 6 4
2024.07.27| 131| 131] 129| 126| 128 156| 131| 134 131| 135/ 127| 125/ 138 143| 183| 188 115/ 114 111| 119 114 139 121| 128 2024.07.27 2 1] 2 4 0 -4 -3 3 11! 9| 10 13! 17 15 15 18 21 48 66 44 19 12 16 9
2024.07.28| 139| 137| 138 138 142| 132 130/ 120 122| 132| 132| 127| 156 162 171| 134 104 70, 77| 74 83| 95! 91 88 2024.07.28 14 18 15 12 18 0] -11 -5 0 3| 19 42 65 65 97| 95| 60| 45 53 41! 29| 17 -2 -4
2024.07.29 89 88| 81 81 99! 86 85 77| 63 67, 56 48 69 98| 114 99 88| 69 69) 73] 72| 90| 103 97 2024.07.29 -4 -10] -12 -4 2| -10 3 5 33! 42 24 35! 57 62 63| 34 39 70 13| 18, 10 -2 15! 1
2024.07.30 86, 87| 93] 80| 112| 110 91 97 88 85 80 80 88| 108| 122| 135 117 91! 76 92| 112 98| 100 84 2024.07.30 -1 -1 -3 -6 -11] -11 -4 -3 0 9| 22 26 31] 30 30 22 10 27 22 6 11 -1 0, 1
2024.07.31 83! 76 87 95| 103| 122 90| 103| 108| 110/ 112 114| 118 128| 128 110 72| 44, 62| 107 91| 101 74 60 2024.07.31 2 -4 -5 -6 -7 -12 -1 6| 7 6] 28] 35 42 51 45 21| 44 82| 128 82 33| 8 11 18

Fo o flows without any commercial exchange
Far: flows from assumed commercial exchanges outside the Core region 31
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MODELING THE PRICE SPIKES IN CEE-SEE

32
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Methodology

= Analysed period: 06.04.2024-08.28.2024. (2016 hours)

= Using the European Power Market Model (EPMM)

= Data collection:

Actual hourly demand for all countries based on ENTSO-E Transparency Platform data
Actual PV and wind for all countries based on ENTSO-E Transparency Platform data

Actual monthly nuclear and hydro generation for all countries based on ENTSO-E Transparency Platform
data

Net Transfer Capacity = Actual hourly day-ahead scheduled commercial flow + initail offered capactiy for
intraday trading -> based on Transparency Platform

33




Reference results — average DAM prices in the

analysed periods
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Reference results - price duration curve
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Scenarios

= Reference

= Trade: +500/1000/2000 MW additional capacity splitted 50 by the AT-HU and 50 % by both on CZ-
SK and CZ-HU borders (both export and import)

= Consumption: Decrease the consumption in the High-Price Region by 1,2,5 % ->average Regional
decerase in consumption is 300-600-1500 MW

= New PV capacity: +500/1000/2000 MW additional capacities splitted proportionally by the average
installed capacities between the countries

= New wind capacity: +500/1000/2000 MW additional capacities splitted proportionallyby the
average installed capacities between the countries

= New gas capacity: +500/1000/2000 MW additional capacities splitted proportionally by the
average installed capacities between the countries

= New BESS capacity: +500/1000/2000 MW additional capacities splitted proportionally by the
average installed capacities between the countries
36




Small decrease in consumption has a significant effect & e
on average prices and also on price-spikes
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R

1 % of consumption decrease has a very significant effect both on the average price, and on the share of high
price hours

In case of 2 % consumption decrease in the Region almost diminishes the high-price hours (prices above 150
€/MWh)

Similar effect has happened in all the four SEE countries 37




Additional PVs have limited effect on average prices, & rexx
and could even increase the number of high-price hours
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PV have positive prices on average, however the number of price spikes hours increases ->
» High-price hours occur mostly when the overall PV production is zero (evening hours)
« Higher PV capacities increase the capacity reserve needs, which could increase the number of high-price
hours in many countries

38




. . . . [@ REKK
Wind can also decrease average prices in the Region
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« Additional wind capacities have positive effect on prices on average, and the the number of price spikes hours
also decreases

« Wind power plants can produce electricity even in the high-price hours (in contrast to PV)

« Although higher wind capacities increase the capacity reserve needs, but the ,production” effect is stronger
than the reserve need growth 39




Even small increase in CBC capacities has a huge & rexx
effect on average prices in the Region
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Small increase in CBC capacities (in relation of AT-HU and CZ-SK-HU borders) have a very high effect on
average prices in the Region, and it also helps to decrease the number of high-price hours

The highest effect is in Hungary -> in the high CBC capacity expansion case Hungary and their neighboring
countries are splitted into two price regions; Hungary becomes cheaper, and congestions build up in its

southern borders
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BESS capacities have a linear effect on DAM prices
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High penetration of battery storage helps to decrease not only the number of spike price hours, but it also has
a positive effect on the average prices
Similar effect can be seen for all countries
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Additional available gas capacties have huge effects on the (A
price-spikes and on the average prices as well
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« Additional available gas capacity has the second largest effect on the prices in average, however they can not
elimanate the price spikes
« Similar effects observed on all countries
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Consumption decrease has the highest effect both on the average prices and price spikes
Small increase in CBC capacities could decrease very significantly the Hungarian prices
Additional PV has limited impact on prices

Wind and BESS has almost the same effect on average prices
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Main findings .

Based on the co-movement of price differences versus the German DAM, the High-price Region (HR-HU-
RS—-RO-BG-GR) can be clearly identified

The price differences of High-price and Central European Region in 2024 - mainly in summer (especially
July) - provides a good basis for examining the reasons behind this phenomenon

Demand and supply factors also played a significant role:
= higher demand and demand volatility,
= lower nuclear and hydro generation in the region

One of the most important factors behind regional price differences is the scarcity of network elements
associated with flow-based allocation

Five key lines are the most critical; together they account for 84% of the total price difference between the
two regions

= Of the 84%, 60% is attributable to two internal lines, whose reinforcement is problematic: costs are borne
domestically, while benefits accrue abroad

= The average impact and frequency of constraint differ markedly across critical elements: some lines constrain in few
hours but cause extreme price differences, while others constrain often but with smaller effects
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Main findings Il. & rew

= For Dur-Levice and Neusiedl-Wien: when they are not active constraints, average RAM is much
higher, and the inter-regional price difference is significantly lower.

= |ssues/questions around RAM:

= RAM changes significantly within a short period; the reason is unclear and it cannot be reliably
forecasted.

= On two critical lines, the 70% rule is far from being met.

= The 5% PTDF rule can create sharp discontinuities in which constraints shape the FB domain—and thus
observed price spreads.

= Incorporating RAM values of the critical elements, together with the main demand and supply
factors into a regression framework shows that CNEC's RAM has a significant impact on price
differences even after controlling for other factors.

= For the critical network elements studied, long-term allocations are negligible; variability in RAM
is mainly driven by changes in FO,all and Fuaf.

46




Main findings lII. & rew

+ The modeling shows the following results:

+ Consumption decrease has the highest effect both on the average prices and price
spikes

« Small increase in CBC capacities could decrease very significantly the Hungarian
prices

- Additional PV has limited impact on prices

* Wind and BESS has almost the same effect on average prices
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Policy conclusions .

= Although flow-based market coupling can increase EU-wide efficiency, its benefits are unevenly
distributed across regions. The High-price Region suffers from higher prices due to not only cross-
border congestion, which previously did not affect prices.

= In many respects the flow-based system operates like a black box, making it harder for market
participants to understand than the previous NTC-based cross-border regime.

= Transparency is needed when determining RAM in order to explain and predict sudden RAM
swings.

= The 70% minimum RAM requirement should be strictly enforced where it matters most, with full
compliance prioritized on the CNECs that drive the largest price spreads.

= A review of the 5% PTDF rule is needed, as the threshold can cause discontinuities in the flow-
based domain. A justified below 5% inclusion pathway with publicly available reasoning should be
permitted, and sensitivity analyses should be conducted on alternative thresholds.
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Policy conclusions Il.

In order to address the issue of the internal-line investment incentive gap, cost-sharing or
compensation mechanisms should be introduced for internal CNECs with cross-border benefits, so
that the hosting country is not penalised for upgrades that primarily benefit neighbouring
countries.

PCI/PMI selection should target true welfare bottlenecks. Candidate projects ought to be ranked
by persistent shadow prices, measured welfare losses, and spread-reduction potential.

Storage (especially batteries) and demand-side response (DSR) should be incentivized to deliver
peak-hour relief when flow-based constraints are most binding.

= Demand should be shifted away from the 17:00-21:00 peak window by introducing time-of-use or
dynamic tariffs.

= Supply adequacy should be addressed by using fast, flexible capacity. Where the residual gap is modest,
batteries and wind-plus-storage can cost-effectively cover peak hours.
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Determining price differences using shadow prices

= The price difference between bidding Example: Estimating the AT-HU price difference in the given hour
zones A and B at a given hour can be ] 2] [3] = [1] - [2] [4] [5] = [3] * [4]
determined as follows (without LTA PTDF_AT  PTDF_HU  AT-HU Shadow Price
domain): 0,01153 - 0,04089 0,05242 5 656,34 296,505
- 0,09862 - 0,08568 - 0,01294 240,08 - 3,107
n 0,03256 0,04217 - 0,00961 1979,70 - 19,025
PSp_p; = Z(PTDFA,i_PTDFB,i) - SP;; 0,00077 0,02192 - 0,02115 1097,32 - 23,208
= - 0,00811 -0,00745 - 0,00066 499,94 - 0,330

Price Spread: 250,836

where PSa_p Price difference between price zone A and B in hour J’

PTDF, . shows how a change in the net position of country A by 1 MW
Al affects the CNEC.

SP;; The shadow price of the i-th CNEC in hour ,j’ (if we increase the
) capacity of the given CNEC by 1 MW, how much does it
increase the total welfare

= |If the LTA domain is also active, the calculation is similar, but its shadow price must also be

added.
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