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Abstract: The intraday electricity market is increasing its importance within the electricity energy 
markets. This article introduces a case study, basing on the real examples of the contribution of the 
intraday electricity markets make to prevent and/or solve the emergencies in the electric system. 
The case study was conducted in four possible states on short-term markets – different variants of 
trading period lengths and intervals in which the system imbalance is evaluated. The outage of the 
biggest power plant’s unit in the transmission system was always considered, and together with the 
situation in the short-term markets, the impact on the operation and maintenance on a transmission 
system was evaluated from that point-of view, system imbalance, and necessity to activate 
necessary ancillary services by an operator. 

Keywords: transmission system; market; intraday market; electricity; capacity; imbalance; ancillary 
services 

 

1. Introduction 

The intraday electricity market (IM) has an increasingly important role within the electricity 
market. For market participants, the intraday electricity market is the last option where they can, 
even shortly before the delivery date, respond to the current situation in the electricity grid or in their 
production, i.e., to buy or sell the respective amount of electricity. This article introduces real-life 
examples of the contribution of the intraday market to prevent and/or solve prevention and 
resolution of Sthe emergencies in the electricity system [1,2]. This article shows the positive 
contribution of the integration of the intraday electricity market into the Single Intraday Electricity 
Market in Europe (SIDC). 

The liberalized market has not only brought new opportunities to involve individual market 
participants in electricity trading, but also brings greater complexity in the management of the 
electricity system. The ever-increasing share of decentralized generation with a high proportion of 
intermittent energy sources (mainly renewable) – such as wind and solar power plants, causes 
another demand on the Transmission System Operator´s (TSO) to ensure a balanced power system 
and to maintain nominal frequency in the electricity system. For transmission system operators, this 
means careful planning of a sufficient volume of Ancillary services (AnS) and subsequently activating 
these back-up sources or otherwise obtaining regulating energy. The price of regulating energy is one 
of the most important aspects in determining the price of the imbalance [3,4]. If the price of regulating 
energy at a given hour is high, the corresponding imbalance price is at least at the same level. 
Financial losses on the part of market participants, who have an imbalance at a given time, are 
noticeably increasing. The aim of this article is not to analyze processes on the part of the TSO, but to 
point out the existence of other opportunities that will help to solve exceptional situations in the 
transmission system. 
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One of the most important opportunities for market participants is their involvement in the 
short-term electricity markets [5]. On the Czech market, these short-term electricity markets are 
organized by OTE (the market operator) [6]. In the Czech Republic, these short-term electricity 
markets currently consist of day-ahead before (spot) market that allow trading on days before the 
delivery date and also an intraday marketplace (IM) allowing trading which permits trade up to 5 
minutes before the delivery hour starts [7,8].  

These markets allow market participants to trade at a time close to the day or hour of delivery. 
Long-term trading primarily serves to ensure long-term price and expected load/generation, while 
short-term markets allow market participants to respond effectively to exceptional operational or 
trading situations. The aim and purpose of the short-term markets is not only to reduce the risk of 
imbalance, but also to increase security and reliability of supply and to offer the last opportunity for 
market participants to buy or sell electricity [9]. 

Additionally, liquid short-term markets are important regarding their pricing influence, the final 
prices of trades on these markets are used as a basis for the settlement of financial instruments traded 
on commodity exchanges or serve as a guide for prices of other contracts between the market 
participants [10]. 

Since the number of studies on the Czech intraday market is limited and there are 
no actual studies concerning the impact of the intraday electricity trading on the Czech 

transmission system operation, the aim of this paper is to examine this matter and fill the gap. 

2. Materials and Methods 

2.1. Intraday Electricity Market 

The intraday electricity market plays the most important role in the prevention and resolution 
of emergency situations in the electricity grid from the above-mentioned short-term markets. A well-
functioning intraday market significantly helps to lower costs for the market participant with an 
imbalance and subsequently for the whole system [11,12]. 

Since 2004, this market has allowed market participants in the Czech Republic to continuously 
trade anonymous bids up to until 60 minutes before the start of the a delivery hour, Since 2021, 
however is this time being reduced by 5 minute prior start of the delivery hour. This type of trading 
gives market participants opportunities to react to in many different situations on the market a 
marketplace, e.g for example. the development of their consumption estimations or changes in the 
production of intermittent sources. Although it is an anonymous market, it the site provides 
comprehensive market information. The submitted bids reflect actual market prices, market liquidity, 
and real-time changes in prices and volumes. This summary information changes during the time, 
the difference between the price of the offer for sale and the purchase determines the spread. Thus, 
market participants are at any time able to assess their potential in the electricity markets. This 
includes assessing the actual prices and the offered volumes of electricity, whether it is possible to 
generate additional trading profits or to sell or buy the necessary electricity to avoid imbalance and 
consequently the financial damage resulting therefrom. The development of traded quantities and 
prices on the intraday electricity market can also act as an indicator of the situation in the power 
system in cooperation with, for example, the system imbalance published on the TSO’s website. 
Examples of such conditions may be inaccurate predictions of solar power generation, when the 
production surplus could lead to significant price drops, and vice versa. Mainly at due to lower-than-
expected production, there could be a significant increase in prices and quantities volumes, as the 
market is reacting on to the market participants that are trying to fulfill the planned production by 
purchasing on the intraday market. Other examples might be public holiday or weather 
developments that could significantly affect electricity consumption, and last but not least, an 
unexpected system power outage may occur [13–15]. 

The importance of the intraday market in the Czech Republic has further increased in connection 
with its integration with other European intraday electricity markets on 19 November 2019. The 
integration of the OTE intraday market took place on 3 out of 4 cross-border profiles - with Germany, 
Austria, and Poland. Nowadays all borders are incorporated, and 25 EU countries is involved in 
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SIDC. A major change was the shift from explicit trading of cross-border capacities to the implicit 
trading. Explicit trading means that cross-border capacity and electricity are traded separately, while 
within the implicit cross-border capacity trading is cross-border capacity acquired together with 
electricity if the cross-border bids are matched. Another difference between explicit and implicit 
trading is that explicit trading works on the principle of bilateral electricity contracts. Within the 
implicit continuous trading, traders can anonymously trade electricity from all countries where the 
transmission capacity is available from/to the Czech Republic [16,17].  

A positive sign of the integration of the intraday electricity market is the impact on the volatility 
of electricity prices. When comparing intraday electricity market operation before and after the 
connection to SIDC, price volatility is significantly lower and the intraday market prices achieved are 
more correlated with prices of the day-ahead electricity market. However, sufficient cross-border 
transmission capacities play an important factor, especially towards the German market. There is a 
plan to extend the possibilities to trade within the day by introduction of so-called Intraday Auctions 
which is planned in June 2024. These Intraday auctions will be implemented together with other 
European short-terms markets within SIDC cooperation [18,19]. 

2.2. The Intraday Electricity Market and the Loss of a Significant Production Volume in the Power System 

There is a rising the influence of IM in case of solving exceptional situations in the transmission 
system. The IM is creating price signals that results in “price spreads” between demand and supply. 
Typical example of a major operational event is the outage of the biggest power plants in the 
electricity grid on 29 June 2022. 

Figure 1 shows the situation in the power system around the outage of 1,030 MW units at around 
16:40 on Wednesday 29.6.2022. 

 

Figure 1. The situation in the power system and on the market on 29- 30. 6.2022. 

So, there was three impacted delivery hours where the activation of AnS was necessary. There 
was activation of 140 MWh of Ancillary Services by TSO and with combination of the activation of 
other units (mainly Hydro Power Plants and Pumped-Storage Power Plant), it results in the System 
Imbalance -153 MWh (see also Figure 2) in 17th delivery hour. During the 18th delivery hour was 
activated 618 MWh of AnS and System Imbalance was -685 MWh and in 19th delivery hour, there 
was activated 255 MWh of Ancillary Services and total System Imbalance in this hour was -278 MWh. 
Next delivery hours were not directly impacted by this outage in the sense of activation of Ancillary 
Services by TSO. 
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Figure 2. Generation and Ancillary services used in the power system on 29- 30. 6.2022. 

The imbalance price rise in these hours between 1.200 and 1.600 EUR/MWh (red line). 
The first tradable hour on the market was 19th delivery hour of June 29 where was bought 1.070 

MWh of imported power (pink column), 226 MWh was traded locally (grey column) and 405 MWh 
was exported (blue column), so the saldo of IM was 890 MWh that helps limited the system imbalance 
during this delivery hour. 

For the 20th delivery hour, there was bought 1.116 MWh of imported power, and the exported 
power was only 84 MWh, so the System Imbalance was +10 MWh with price 14 EUR/MWh, compared 
with price of previous delivery hour that was 1.554 EUR/MWh, the positive impact of intraday 
trading is clear. 

As there were enough cross-border capacities also during following delivery hours, there was 
traded more than 800 MWh of imported power in 12 out of 14 delivery hours. Sufficient liquidity of 
the market based on the availability of the cross-border capacities also enable to maintain the average 
weighted price on IM market (dark blue line) very close to day-head price (green line), even the 
maximum price of individual trades raised up to double during the first hours after the outage (light 
blue line). 

3. Results 

Case study 

The basis for this case study was the data from the outage on 29/06/2022, which is described 
above, and when the following state within the system was as follows: 
• Calculation of the system imbalance and activation of Ancillary services took place in 60-minute 

granularity. 
• Trading on the intraday electricity market (IDM) took place with 60-minute products, with the 

deadline for cross-border trading (ID GCT) being 60 minutes before the start of the delivery 
hour. 
As described in previous chapter, the outage of 1.030 MW unit happened at 16:40, so as it is 

shown on the Figure 3, there are impacted 3 (three) delivery hours/imbalance intervals (16-17, 17-18 
and 18-19). 
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Figure 3. System imbalance and usage of AnS in case of trading 60 min products with ID GCT 60 
min. 

The difference between the size of the unit (1.030 MW) that was in fault and the size of the 
activated AnS (618 MW) during delivery hour 17-18 is given by the fact that the operator of this unit 
has at its disposal, among other, a fast-starting pumped-storage power plant with an installed 
capacity of 320 MW that was activated shortly after the outage. 

There was no possibility to trade for the first two impacted delivery hours, but for the third one 
(18-19) such volume of electricity was traded that the need for activated AnS was reduced to half the 
value of the previous hour. 

Figure 4 shows in yellow cells volume of activated AnS, total System Imbalance, other influence 
to SI a Local trades) related to mentioned outage. Total volume of activated AnS was 1.014 MWh with 
overall price 1.619.001 EUR. 

There are prices of the activated AnS are accessible on the OTE website [20], so the activation of 
AnS in the delivery hour 16-17 cost a total of 193.332 EUR, which is converted to a unit price 1.380 
EUR/MWh, in the hour 17-18 it was a totally 990.249 EUR, i.e., with 618 MWh of activated AnS it 
comes to 1.602 EUR/MWh. In the delivery hour 18-19, the activation of 256 MWh of AnS cost 435.420 
EUR, so it is 1.704 EUR/MWh. 

 

Figure 4. Usage of AnS in case of trading 60 min products with ID GCT 60 min. 

These unit prices will be used for following cases for valuation of activated AnS. This approach 
is not fully correct because the AnS are activated from the cheapest price to more expensive ones. So, 
in real state the price for activated AnS shall be lower, but as the prices are not public, but since the 
prices are not public, the average price approach used is sufficient for cost comparison. 
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The following 3 states are considered in this case study: 
1. 15 min_ID GCT 15 min 

• Calculation of the system imbalance and activation of AnS would take place in 15-minute 
granularity, 

• Trading on the intraday electricity market took place with 15-minute products, with the 
deadline for cross-border trading (ID GCT) being 15 minutes before the start of the delivery 
hour. 

2. 15 min_ID GCT 60 min 
• Calculation of the system imbalance and activation of AnS would take place in 15-minute 

granularity, 
• Trading on the intraday electricity market took place with 15-minute products, with the 

deadline for cross-border trading (ID GCT) being 60 minutes before the start of the delivery 
hour. 

• This status is assumed to be active within the transmission system from 1 July 2024 [21]. 
3. 15 min_ID GCT 30 min 

• Calculation of the system imbalance and activation of AnS would take place in 15-minute 
granularity, 

• Trading on the intraday electricity market took place with 15-minute products, with the 
deadline for cross-border trading (ID GCT) being 30 minutes before the start of the delivery 
hour. 

• This status is expected to be active within the transmission system from 1.1.2026 at the latest 
[22]. 

For the purposes of this case study, the AnS activation data on June 29, 2022, in 15-minute and 
30-minute resolution will be used [23]. 

The traded quantity on IDM will be considered with the same dynamics with which it was 
traded within the 60-minute products. The specified GCT ID influences which trading period can 
already be traded in response to an outage. 

The interval from 16:00 to 19:00, when the imbalance in the system was caused by this outage, 
will be essential for assessing the effect of the length of the system imbalance calculation period, IDM 
products and activation of support services. 

15 min_ID GCT 15 min 

The following state within the system is considered as follows: 
• Calculation of system imbalance and activation of AnS would take place in 15-minute 

granularity, 
• Trading on the intraday electricity market took place with 15-minute products, with the 

deadline for cross-border trading (ID GCT) being 15 minutes before the start of the delivery 
hour. 

• The trading deadline for all contracts on IDM is 5 minutes before the delivery interval, 
however, the local market is not as liquid as the connected European market, moreover, if 
an outage occurs on the side of a major producer in the BZ, the liquidity will decrease even 
more. 

Figure 5 shows similarly as previous ones, that there are impacted 3 (three) delivery/imbalance 
intervals (16:30-16:45, 16:45-17:00 and 17:00-17:15). 

Now we can also use unit prices calculated from hourly products for price of activation AnS in 
case of 15 minutes imbalance period. So, the activation of AnS in the imbalance periods between 16-
17 costs also 193.332 EUR (13,4 MW*0,25 h + 17,9 MW*0,25 h + 115,8 MW*0,25 h + 413,2 MW*0,25 h = 
140 MWh * 1.380 EUR/MWh), because no difference could happen also in 15 minutes interval. 

Activation of the lower amount of AnS is expected in the first 15 minutes interval of the time 
interval 17-18 because of intraday trading and following 3 ones are expected to be balanced by trading 
on IDM, so the total volume of activated AnS is 90 MWh (320,9 MW*0,25 h + 12,5 MW*0,25 + 12,5 
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MW*0,25 + 12,5 MW*0,25). So, we can use for the whole interval 17-18 calculated unit price 1.602 
EUR/MWh, and it gives us total activation price 143.550 EUR. 

In the delivery hour 18-19, the activation of only 13 MWh of AnS at price 1.704 EUR/MWh costs 
21.315 EUR. 

In case of 15-minutes System Imbalance interval with 15-minutes IDM products with 15 minutes 
GCT, total volume of activated AnS would be 242 MWh with overall price 358.198 EUR. 

 

Figure 5. System imbalance and usage of AnS in case of trading 15 min products with ID GCT 15 
min. 

15 min_ID GCT 60 min 

The following state within the system is considered as follows: 
• Calculation of system imbalance and activation of AnS would take place in 15-minute 

granularity, 
• Trading on the intraday electricity market took place with 15-minute products, with the 

deadline for cross-border trading (ID GCT) being 60 minutes before the start of the delivery 
hour. 

Figure 6 shows that because of GCT 60 minutes that allows to trade as first delivery interval 
17:45 – 18:00, so there are impacted 6 (six) delivery/imbalance intervals (16:30-16:45, 16:45-17:00, 
17:00-17:15, 17:15-17:30, 17:30-17:45 and 17:45-18:00). 

Now we use unit prices calculated from hourly products for price of activation AnS in case of 15 
minutes imbalance period. 

So, costs of the activation of AnS in the imbalance periods between 16-17 are still 193.332 EUR 
(13,4 MW*0,25 h + 17,9 MW*0,25 h + 115,8 MW*0,25 h + 413,2 MW*0,25 h = 140 MWh * 1.380 
EUR/MWh), because no difference could happen also in 15 minutes interval. 

Activation of the lower amount of AnS is expected in the last 15 minutes interval of the time 
interval 17-18 because of intraday trading, so the total volume of activated AnS is 549 MWh (601,3 
MW*0,25 h + 632,0 MW*0,25 + 639,8 MW*0,25 + 320,9 MW*0,25). So, we use for the whole interval 17-
18 calculated unit price 1.602 EUR/MWh, and it gives us total activation price 878.726 EUR. 

In the delivery hour 18-19, all intervals are expected to be balanced by trading on IDM, so the 
activation of only 13 MWh of AnS at price 1.704 EUR/MWh cost 21.315 EUR. 

In case of 15-minutes System Imbalance interval with 15-minutes IDM products with 60 minutes 
GCT, total volume of activated AnS would be 701 MWh with overall price 1.093.373 EUR. 
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Figure 6. System imbalance and usage of AnS in case of trading 15 min products with ID GCT 60 
min. 

15 min_ID GCT 30 min 

The following state within the system is considered as follows: 
• Calculation of system imbalance and activation of AnS would take place in 15-minute 

granularity, 
• Trading on the intraday electricity market took place with 15-minute products, with the 

deadline for cross-border trading (ID GCT) being 30 minutes before the start of the delivery 
hour. 

Figure 7 shows that because of GCT 30 minutes that allows to trade as first delivery interval 
17:15-17:30, so there are impacted 4 (four) delivery/imbalance intervals (16:30-16:45, 16:45-17:00, 
17:00-17:15 and 17:15-17:30). 

We use unit prices calculated from hourly products for price of activation AnS in case of 15 
minutes imbalance period. So, the costs of the activation of AnS in the imbalance periods between 16-
17 are still 193.332 EUR (13,4 MW*0,25 h + 17,9 MW*0,25 h + 115,8 MW*0,25 h + 413,2 MW*0,25 h = 
140 MWh * 1.380 EUR/MWh), because no difference could happen also in 15 minutes interval. 

Activation of the lower amount of AnS is expected in the second 15 minutes interval of the time 
interval 17-18 because of intraday trading and following 2 ones are expected to be balanced by trading 
on IDM, so the total volume of activated AnS is 237 MWh (601,3 MW*0,25 h + 320,9 MW*0,25 + 12,5 
MW*0,25 + 12,5 MW*0,25). So, we use for the whole interval 17-18 calculated unit price 1.602 
EUR/MWh, and it gives us total activation price 379.359 EUR. 

In the delivery hour 18-19, all intervals are expected to be balanced by trading on IDM, so the 
activation of only 13 MWh of AnS at price 1.704 EUR/MWh cost 21.315 EUR. 

In case of 15-minutes System Imbalance interval with 15-minutes IDM products with 30 minutes 
GCT, total volume of activated AnS would be 389 MWh with overall price 594.007 EUR. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 1 August 2024                   doi:10.20944/preprints202407.2587.v1

https://doi.org/10.20944/preprints202407.2587.v1


 9 

 

 
Figure 7. System imbalance and usage of AnS in case of trading 15 min products with ID GCT 30 
min. 

4. Conclusions 

. If we compare the results of individual cases, from the a point-of view of to minimized, the 
number of affected intervals – namely and 3, when, in the an ideal case, there is a possibility when 
that the 3rd interval increment could already be balanced on the IDM. So it would be ideal if the have 
been perfectif length of the was same for imbalance interval, trading interval, and GCT was the same. 

As the value of GCT increases, the so does a number of intervals during which it is not possible 
to trade increases. This limits the of MP’s possibility to settle for setting its position as soon as possible 
and increasing the necessity of in activating AnS. 

The volume of activated AnS and its price in individual trading periods has main impact to the 
imbalance price of impacted period, because the highest price of activated AnS is creating the price 
of system imbalance in CZ. 

As the interval shortens, the a need for activated energy decreaseetho. Although however in 
terms of power it is necessary to cover the an outage as in the same way as with longer intervals 
times. This can have a negative impact on the use of units with lower dynamics. Ideal from this point 
of view would be hydroelectric plants and gas or PPC units. 
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Figure 8. Usage and total price of AnS in individual cases. 

Shortening all 3 parameters from 60 minutes to 15 minutes would reduce the activated energy 
from AnS by 76% and the price by at least 78%. This turned out to be an ideal solution, however, such 
a setting is unattainable under the current situation on the TSO side within the SIDC. 

For the situation that should occur within the transmission system from 1.7.2024, which is a 
shortening of the imbalance and trading interval to 15 minutes while keeping the GCT at 60 minutes, 
there would be a reduction of the activated energy from AnS by 31% and the price by at least 32%. 

From 1.1.2026, when the GCT will be shortened to 30 minutes, the activated energy from AnS 
could be reduced by 62% and the price by at least 63%. 

Although not the best result, it is still the second best and the result shows a significant decrease 
in the required energy from AnS, which does not need to be activated. At the same time, a decrease 
in the total price of activated AnS, even if there could be a high unit price for activation, will be a 
motivation for MPs to balance their imbalances within the IDM. 

The optimal solution from the Case study is not reachable in the close future but the European 
legislation that regulates energy sector is directing energy markets to be able to handle with the 
second-best case. The first important step was harmonization of the imbalance settlement period to 
15 minutes, and another is shortening of the deadline for cross-border trading (ID GCT) to 30 minutes. 

This is ideal state that could be limited in case that there are not sufficient cross border capacities, 
mainly with Germany. 

 
Figure 9. Percentage of hours when the minimum 70% target was reached in the CORE region 
(between 9. 6. 2022 and 31. 12. 2022 [24]. 

But Clean Energy for All Europeans Package sets a minimum level of cross-zonal capacity - also 
called Margin Available for Cross-Zonal Trade (MACZT) – to be offered to the market by 
Transmission System Operators (TSOs), respecting operational security limits. This minimum 70% 
target took effect in 2020. The Electricity Regulation allows Member States to adopt transitional 
measures to gradually reach the minimum 70% target, by the end of 2025 at the latest. 
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