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Abstract  
Injections to and withdrawals from the electricity grid should continuously be in balance to 
avoid large deviations from the reference grid frequency. In case of grid imbalance, 
transmission system operators (TSOs) activate balancing reserves to correct the imbalance. 
With increasing variable renewable generation, different model studies expect that balancing 
reserve capacity should increase to cover the larger forecast errors of variable renewable 
generation. However, different studies identified that balancing reserve capacity has 
decreased in the past, while variable renewable generation has increased. The goal of this 
study was 1) to provide an overview of developments in the Dutch and German balancing 
markets 2) study the relationship between different possible contributors, including variable 
renewable generation,  and system imbalance, using 15-minute data between 2015 and 2017 
for the Netherlands and Germany.  
 
The results showed that in both the Netherlands and Germany the penalty for being in 
imbalance has decreased over time. Imbalance volumes increased in the Netherlands, but 
stayed relatively constant in Germany. Market design seemed to have a major impact on 
these developments. Regression analyses were performed to study the relationship between 
variable renewable generation, total generation, total load, and the forecast errors of these 
factors on the one hand and system imbalance on the other hand. All regression analyses 
followed the expected trends (e.g. higher system imbalance with higher variable renewable 
generation), but the correlation values were weak. This indicated that the impact of variable 
renewable generation on imbalance volumes is limited. 

List of abbreviations  

aFRR  :  automatic frequency restoration reserves 

DSO  : distribution system operator 

ENTSO-E :  European Network of Transmission System Operators for Electricity 

FCR  : frequency containment reserves 

FRR  : frequency restoration reserves 

IGCC  :  international grid control cooperation 

ISP  : imbalance settlement period 

LFC  : load frequency control 

mFRR  :  manual frequency restoration reserves 

mFRRda : manual frequency restoration reserves, directly activated 

mFRRsa : manual frequency restoration reserves, schedule activated 

RR  : restoration reserves 

TSO  : transmission system operator 

UCTE  : Union for the Coordination of the Transmission of Electricity 

VRES  : variable renewable energy systems 
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1. Introduction  
Balancing the electricity grid is one of the main responsibilities of European Transmission 
System Operators (TSOs). The alternating current grid frequency in Continental Europe 
should not deviate too much from 50 Hz to avoid damage to electrical appliances connected 
to the grid. To maintain this frequency, the electricity injected to the grid should be equal to 
the sum of electricity withdrawals and grid losses (Hirth & Ziegenhagen, 2015). In a situation 
where supply does not match demand, grid imbalance occurs. TSOs generally cover this 
imbalance by utilising flexibility options to compensate for under- or oversupply to the grid. 
 
The electricity  market could face major developments in the coming years, which might 
influence TSOs balancing practices. Firstly, the size of the balancing market could change. 
Some studies expect that increasing penetration of variable renewable electricity 
technologies in the energy system can result in more and higher grid imbalances, because of 
their intermittent nature (Lund et al., 2015; Bird et al., 2013). This intermittent nature could 
make generation forecasts less robust, causing that renewable energy sources supply more 
or less electricity to the grid than sold in the market, resulting in grid imbalance.  
 
In addition, the technologies providing flexibility could change drastically. The 
implementation of variable renewable energy technologies reorganises the merit order. Due 
to its low marginal costs, renewable sources push out different fossil generation plants from 
the merit order, reducing the average load factor of power plants (Brunekreeft et al., 2015). 
The merit order effect also results in a lower average electricity price (Sensfuß et al., 2008, 
Clò et al., 2015, Nicolosi & Fürsch, 2009; Brunekreeft et al., 2015). Both effects have a 
negative impact on the business case of power plants, resulting in potential decommissioning 
or mothballing of conventional power plants which could provide reserve capacity 
(International Energy Agency, 2014; Brunekreeft et al., 2015).  
 
Commercial parties see this as an opportunity to introduce new types of flexibility f or 
resolving grid imbalances to the market. In the past years different (pilot ) projects have been 
set up to test the suitability of these techniques to provide reserve capacity. These projects 
include projects with electric vehicle batteries (The New Motion, n.d.; Breuning, 2017), 
Lithium -ion batteries (AES Energy Storage, April 30 2015), and ammonia (Nuon, n.d.) as 
providers of balancing energy.  Different studies have shown that providing balancing energy 
could be profitable for some of these technologies (Hoogvliet et al., 2017; Camus et al., 2009; 
Kahlen & Ketter, 2015; Guinot et al., 2015). 

1.1. Problem definition  & research questions  
Different authors have already looked into the developments of the balancing market. 
Despite the previous work on this topic, there is still much ambiguity about the current state 
of the balancing market. Studies either addressed specific products on the balancing market 
(De Jong et al., 2017), or only looked at the contracted reserve capacity (Hirth & 
Ziegenhagen, 2013). Therefore, a comprehensive, recent and in-depth overview of 
developments in the balancing market in the Netherlands and Germany is lacking.  
 
Therefore, the first of goal of this research is to answer the following research question: 
 
How have the balancing markets in the Netherlands and Germany developed since 2013? 
 
In this analysis, imbalance developments in general will be addressed, as well as 
developments in the balancing products in the Netherlands and Germany: Frequency 
Containment Reserves (FCR), automatic Frequency Restoration Reserves (aFRR) and manual 
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Frequency Restoration Reserves (mFRR) (Lampropoulos et al., 2016). The analysis is divided 
into three aspects: 
¶ Volume developments 
¶ Price developments 
¶ Market developments 

 
Moreover, some possible effects of variable renewable generation on imbalance volumes are 
still understudied. Brouwer et al. (2014) provided an overview of the increase in balancing 
reserve requirements in different model studies when moving from a scenario with low 
variable renewable generation to a scenario with high variable renewable generation. In all 
studies except one, an increase in balancing reserves is expected. The increase in required 
primary balancing reserves ranged between 2-12% in different studies, while the expected 
increase in required secondary balancing reserves ranged between 0-21% between different 
studies (Brouwer et al., 2014). However, different retrospective studies showed different 
trends. Hirth and Ziegenhagen (2013) did observed a decrease in the reserve requirements 
when looking at German data between 2008 and 2012, although variable renewable 
generation increased significantly in Germany in this time period. Similarly, Holttinen et al. 
(2006) found that the reserve requirements did not increase in West-Denmark, Germany and 
Spain with increasing variable renewable generation, a similar conclusion which was made 
by Kling et al. (2011) when looking at Irish, Danish, Spanish and Portuguese data. On the 
other hand, Bal (2013) noted that imbalance volumes increase when the variable renewable 
energy sources make up at least 20% of the installed capacity in a country.   
 
Altogether, it is visible that there is a discrepancy between different studies on the impact of 
variable renewable generation on system imbalance. Therefore, additional research on this 
relationship is necessary. Most studies either looked at the annual reserve requirements 
(Hirth & Ziegenhagen, 2013; Holttinen et al, 2006; Brouwer et al., 2014), or annual imbalance 
volumes (Bal, 2013). However, studies on a shorter timescale are lacking; it has not been 
studied whether the moments with high variable renewable generation are the moments 
with the highest imbalance volumes. To create a better understanding about the role of 
variable renewable generation on imbalance volumes, a study on smaller time scales is 
required.  
 
Similarly, the effect of other possible contributors, including total generation and load and 
forecast errors, on system imbalance will be studied. Thus, the second research question that 
will be answered is the following: 
 
What is the influence of possible contributors to system imbalance on imbalance volumes? 
 
This analysis will mainly focus on the influence of variable renewable energy systems on 
imbalance volumes. It will address the relationship between variable renewable generation 
and imbalance volumes on a 15-minute basis, as well as the relationship between installed 
variable renewable capacity and imbalance volumes. Also, the variable renewable generation 
forecast error will be estimated, and the relationship between these forecast errors and 
imbalance volumes will be examined. Lastly, this study will address the relationship between 
total generation, load, generation forecast errors and load forecast errors on the one hand, 
and imbalance volumes on the other hand.  

1.2. Relevance 
The results of this research are relevant for different stakeholders. Firstly, the results are 
relevant for stakeholders interested in entering the balancing market or others interested in 
understanding the balancing market. It will provide a clear overview of the balancing market 
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for these stakeholders. By indicating the price, volume and market size developments and by 
linking it to the variable renewable energy share, market parties can determine the potential 
and risk of stepping into one of the balancing markets.  
 
In addition, the effect of variable renewable generation on imbalance volumes is relevant for 
TSOs and policy makers. The results of these studies gives an indication in future imbalance 
volumes and balancing reserve requirements with increasing variable renewable generation, 
and provides insight in whether the current balancing system design is suitable for a 
situation with high variable renewable generation, and whether changes in balancing market 
design are necessary to assure a robust balancing system in the future.  

1.3. Background  
This internship report is the end product of an internship performed at TenneT TSO B.V.  

1.4. Document outline  
The report will start with detailed background information on the Dutch and German 
electricity transmission system landscape in chapter 2 and the Dutch and German balancing 
markets in chapter 3. Subsequently, chapter 4 will elaborate on the methods used in 
answering the research questions. Chapter 5 to 7 will provide results of the first research 
question; chapter 5 will discuss volume developments in the balancing market, chapter 6 
price developments and chapter 7 market developments. Chapter 8 will look at the impact of 
different possible contributors on imbalance volumes. This report will be concluded with a 
discussion in chapter 9 and a conclusion in chapter 10.  
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2. Electricity transmission in the Netherlands and Germany  
In an electricity system based on (partly) centralised electricity generation, electricity 
transmission is crucial to ensure security of supply. After the liberalisation of the European 
electricity sector, electricity generators were no longer allowed to both manage generation 
and transmission of electricity (Directive 96/92/EC)1. The transmission of electricity became 
the responsibility of distribution system operators (DSOs) and transmission system 
operators (TSOs). DSOs are responsible for maintaining and managing the low voltage grid 
and for investing in this grid.  TSOs have the same responsibilities for the high voltage grid 
and are also responsible for maintaining grid balance and facilitating an integrated European 
electricity market (Elektriciteitswet, 1998). As this report focusses on balancing, DSOs will 
not be further addressed in this report. 
 
The Netherlands knows one TSO: TenneT TSO B.V. TenneT owns and manages the whole 
electricity  grid of 110 kV and above in the Netherlands, as displayed in Figure 1 ɀ The 
TenneT grid in the Netherlands. Source: TenneTFigure 1. TenneT is, together with other 
TSOs, current owner of the NorNed interconnection line and the future owner of the COBRA 
interconnector line (TenneT, n.d.a., TenneT n.d.b). TenneT is 50% shareholder in the BritNed 
TSO, which is responsible for the BritNed interconnector line between the Netherlands and 
the United Kingdom (TenneT, n.d.c). Since 2016, TenneT is also assigned as the Dutch 
offshore TSO (Nugteren, 2016). The Dutch state is the sole shareholder of TenneT.  
 

 
Figure 1 ɀ The TenneT grid in the Netherlands. Source: TenneT  NL 

                                                             
1 Directive 96/92/EC of the European Parliament and of the Council of 19 December 1996, concerning 
common rules for the internal market in electricity, OJ L27/20   
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The German high voltage grid has been divided among four TSOs: Amprion, 50 Hertz, 
Transnet and TenneT TSO GMBh, as displayed in Figure 2. TenneT TSO GMBh is owned by 
TenneT TSO B.V, making TenneT the first transnational TSO. German TSOs are responsible 
for 220 kV and 380 kV grids.  
 
 

 
Figure 2 ɀ TSO areas in Germany. Source: Wikimedia commons  
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3. Grid imbalance  and the balancing market  
Grid imbalance and the different products of the balancing market are interrelated and 
relatively complex to understand. In this report, Figure 3 will be used to illustrate how the 
different products of the balancing market are deployed in case of grid imbalance. The 
process of grid imbalance and the use of balancing power in Europe can generally be divided 
into six steps, although the specific procedures for each step may differ per country. Each of 
these steps will be discussed separately.  

 
Figure 3 ɀ Overvie w of the balancing process (based on  ENTSO-E, 2009) 

3.1. Step 1: Occurrence of grid imbalance  

 
Suppliers and buyers of electricity trade in the future, day-ahead and intraday market before 
the actual production and delivery of electricity. After closure of the long-term, day-ahead 
and intraday markets, the trade schedules of all market participants are in balance 
(Borggrefe & Neuhoff, 2011)2. Each supplier or buyer on the wholesale electricity market has 
to subject to certain requirements and is referred to as a balance responsible party (BRP). A 

                                                             
2 Market participants can buy products ranging from years before actual delivery to two days before 
actual delivery in the future market. Market participants can make bids on the day-ahead market one 
day before delivery at 12:00, after which the trading schedules are determined. Market participants 
can make bids in the intraday market 5 minutes prior delivery (EPEX Spot, 2017) 



8 
 

BRP monitors the balance of one or multiple access points to the electricity grid. Every 
generator and offtaker in the grid is obliged to have a contract with a BRP (typically via the 
electricity supplier), or alternati vely be their own balance responsible party. In general, BRPs 
have a large portfolio consisting of many generators and/or offtakers. Each BRP is 
responsible for informing TSOs of their planned electricity production, consumption and 
transport needs. If the actual production or consumption differs from the agreed production 
or consumption (i.e. electricity sold/bought on the electricity markets), a BRP is in 
imbalance. 
 
An electricity system consists of all BRPs and TSOs connecting BRPs in a synchronous area. 
The alternating current (AC) frequency in a synchronous area is always the same. The 
Netherlands and Germany are part of the synchronous grid of Continental Europe, usually 
referred to as the UCTE synchronous area, and has a nominal frequency of 50 Hz (ENTSO-E,  
2009). This grid covers the majority of continental Europe, as displayed in Figure 4. ENTSO-E 
is the consultative body of the TSOs in the synchronous area. The synchronous area is 
divided in different Load Frequency Control (LFC) blocks, usually covering one country. A 
LFC block is in imbalance if the sum of production and import does not equal the sum of 
consumption and export. The LFC system imbalance is also equal to the netted BRP 
imbalances in the LFC block. The difference between supply and demand in case of system 
imbalance is captured in rotating masses connected to the grid, which accelerate in case of 
oversupply of electricity to the system and deaccelerate in case of undersupply of electricity 
to the system. This change in rotating speed causes a deviation of the AC frequency, which 
will be experienced across the whole synchronous area (Consentec, 2014).  

 
BRPs have the opportunity to correct their own imbalance before the imbalance settlement 
period (ISP) ends, without facing financial consequences. The ISP timeframe can differ 
amongst LFC blocks. Within the Netherlands and Germany, it  is 15 minutes. A TSO is 
responsible for both resolving power imbalances within one ISP and resolving residual 
energy imbalances over ISPs that are left  unsolved by the market. 

Figure 4 - Synchronous area of Continental Europe  
Source: Wikimedia commons  
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3.2. Step 2: Frequency Containment R eserve (FCR) activation  

 
The first priority for TSOs in case of a system imbalance is to avoid further frequency 
deviation and limit damage to appliances connected to the grid. The frequency is stabilised 
using frequency containment reserves (FCR). Activation of FCR causes a change in 
production or load, restoring the balance between supply and demand. Triggered by 
frequency activation, FCR is activated automatically (i.e. through a computer signal based on 
frequency deviation) in the synchronous grid of Continental Europe. All providers of FCR 
capacity are able to quickly change their power output or load, as 50% of the FCR capacity 
should be activated within 15 seconds after frequency deviation and full activation should 
occur within 30 seconds (ENTSO-E, 2009). Conventional providers of FCR are large scale 
thermal power plants (using steam storage capacity) or hydro power plants (Consentec, 
2014). 
 
ENTSO-E uses a reference incident3 (i.e. the largest likely imbalance event) in the 
synchronous grid of Continental Europe in determining the FCR capacity requirements 
(ENTSO-E, 2009). The capacity requirements for the whole synchronous area have remained 
relatively constant at around 3000 MW in the past years. Every LFC block area should 
contract part of this capacity according to its share in total generation and consumption in 
the synchronous grid (ENTSO-E, 2009). All capacity is contracted using auctions. Every LFC 
block needs to contract 30% of its allocated part within its own LFC block, while the rest can 
be contracted in other LFC blocks. The German, Austrian, French, Danish, German, Dutch and 
Swiss TSOs do this by conducting a jointly  auction on Regelleistung.net. FCR capacity is 
contracted for one week, based on the merit order of the offered capacities and associated 
capacity price, with a minimum bid size of 1 MW. This auction happens six days before the 
actual delivery of FCR capacity. Providers of FCR will be remunerated for capacity provision, 
but not for electricity generation.  
 
Table 1 - FCR product specifications (Lampropoulos et al., 2016; ENTSO -E, 2009, Regelleistung.net)  

Technical requirements Should be able to provide the same amount reserve capacity in 
both directions. 50% of its contracted capacity should be 
activated within 15 seconds after imbalance occurs, full 
activation within 30 seconds.  

                                                             
3 The reference incident is based on a simultaneous outage of the two largest production facilities 
within the synchronous area.  
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Method of activation An imbalance situation in one LFC block leads to automatic FCR 
activation based on a frequency deviation of at least 20 mHz 
within  the whole synchronous area. 

Market structure Capacity auctioned on weekly basis. Only auctioned capacity will 
be used for FCR.   

Capacity requirements 3000 MW for synchronous grid of Continental Europe. 
Contracting responsibility divided amongst LFC blocks according 
to its share in total generation and consumption in the 
synchronous grid. In 2017, the Netherlands was responsible for 
96 MW and Germany for 600 MW. 30% of this FCR capacity 
should be contracted within the LFC block.  

Settlement method #ÁÐÁÃÉÔÙ ÐÁÙÍÅÎÔ ɉΌȾ-7Ⱦ×ÅÅËɊȢ .Ï ÃÏÍÐÅÎÓÁÔÉÏÎ ÆÏÒ 
electricity  production. 

Minimum bid size 1 MW 
 

3.3. Step 3: aFRR activation & IGCC 

 
After FCR activation, TSOs focus on freeing FCR capacity again. This is mainly to be able to 
deploy this capacity in other imbalance situations. FCR capacity is generally replaced by 
automatic Frequency Restoration Reserves (aFRR). aFRR capacity is activated to restore the 
frequency to its nominal 50 Hz frequency. The maximum start up and full activation time for 
aFRR providers are respectively 30 seconds and 15 minutes after the imbalance situation 
(ENTSO-E, 2009). While imbalance in one LFC block leads to FCR activation within all LFC 
blocks in the synchronous region, aFRR should be activated within the LFC block with the 
original imbalance situation. As aFRR and FCR have different technical requirements 
regarding start-up time and minimum activation duration, not the same type of power plants 
are used for both types of reserve. Typical conventional aFRR providers are thermal power 
plants in dispatchable operation, as such plants are capable of changing their operating point 
within a short period (Consentec, 2014).  
 
European guidelines demand a minimum contracted FRR capacity  (aFRR and mFRR, which 
will be discussed later) in each LFC block, to assure sufficient FRR capacity is available in 
case of a major imbalance situation. The required amount of FRR capacity is determined 
using the deterministic and probabilistic method. The deterministic method looks at loss of 
power if the biggest generation unit or interconnection line fails (n-1 method). The 
probabilistic method looks at the FRR capacity requirements to cover 99% of the major 
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imbalance events. Whichever is highest will be the minimum contracted capacity. As TSOs 
use different processes for activating aFRR and mFRR, TSOs are free to divide the minimum 
contracted FRR capacity between aFRR and mFRR.  
 
In the Netherlands, contracting occurs through auctions. Before 2016, Dutch aFRR capacity 
was only contracted through yearly auctions, but since 2016 this happens through quarterly 
(until July 2017), monthly (since July 2017) and yearly auctions. From 2018 onwards, all 
capacity will be auctioned using monthly auctions. Participants in the aFRR capacity auctions 
should be 100% available and should be able to provide both upward and downward 
capacity. The minimum bid size is 1 MW and plants with a capacity of more than 60 MW are 
obliged to make a bid. The aFRR providers receive capacity compensation. In Germany aFRR 
capacity auctions happen on a weekly-basis, using separate auctions for upward and 
downward aFRR, and for peak and off-peak hours.  
 
The actual deployment of aFRR is based on the sorted balancing energy bid price (merit 
order list). In Germany, this merit order list consists of all parties that won the aFRR capacity 
auction, based on the energy price bidded in this auction. All participants that won an aFRR 
capacity auction in the Netherlands are obliged to make a bid for aFRR energy. Providers of 
aFRR energy without a capacity contract are also allowed to make a bid in the Netherlands, 
called a 'free bid'. Bids should be made 30 minutes before the ISP starts. The opportunity to 
make free bids relatively short before the auction also allows providers of aFRR with less 
certainty about their long-term availability (e.g. renewables) to provide aFRR energy. The 
outcome of the energy auction is determined using a merit order list, without distinguishing 
between free bids and bids from parties with a capacity contract. The German balancing 
system does not allow free bids.   
 
Some TSOs apply International Grid Control Cooperation (IGCC) before activating aFRR. IGCC 
is a cooperation between TSOs of at least two LFC blocks. Currently, TSOs from Austria, 
Belgium, Czech Republic, Denmark, Germany, France, the Netherlands and Switzerland are 
involved in the IGCC project. The goal of IGCC is to avoid simultaneous aFRR activation in 
opposite direction. Without IGCC, situations with an imbalance surplus in one TSO area and 
an imbalance shortage in another TSO area were balanced independently from each other. 
IGCC causes that the TSO with an imbalance surplus can provide energy to the TSO with 
negative imbalance, reducing aFRR activation. The extent to which IGCC can be utilised 
depends on the available cross-border capacity and the grid congestion levels.  
 
Table 2 aFRR product specifications (Lampropoulos et al., 2016; ENTSO -E, 2009, Regelleistung.net)  

Technical 
requirements 

Maximum start up time of 30 seconds. Full activation time of 
maximum 15 minutes. In the Netherlands, aFRR provided should 
be capacity-symmetrical 

Method of activation Automatic activation through a computer algorithm based on 
imbalance volumes and frequency deviation 

Market structure Minimum capacity auctioned (yearly & monthly basis NL/weekly 
basis DE) per LFC block. Market participants which have won the 
aFRR capacity auction are obliged to bid for providing aFRR 
energy every ISP. In the Netherlands, 'free bids' of parties not 
providing capacity are possible, up to one hour before aFRR 
activation. Deployment based on merit order list, without 
distinguishing between contracted bids and free bids.  

Capacity requirements 340 MW (symmetrical) for the Netherlands in 2017. The German 
capacity requirements differ per quarter. The capacity 
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requirements in the last quarter of 2017 were 2048 MW negative 
control reserve and 1131 MW upward control reserve. 

Method of 
remuneration 

Capacity remuneration for ÃÁÐÁÃÉÔÙ ÁÕÃÔÉÏÎÅÄ ɉΌȾ-7ȾÙÅÁÒȟ 
ΌȾ-7ȾÑÕÁÒÔÅÒȟ ΌȾ-7ȾÍÏÎÔÈ ÏÒ ΌȾ-7Ⱦ×ÅÅË). Financial 
settlement ÆÏÒ ÅÌÅÃÔÒÉÃÉÔÙ ÐÒÏÖÉÄÅÄ ÏÒ ÃÏÎÓÕÍÅÄ ɉΌȾ-7ÈɊ 
according to imbalance price (discussed in section 3.6).  

Minimum bid size 1 MW for both contracted and free bids 
 

3.4. Step 4: mFRR activation (optional)  

 
In situations of large system imbalance, manual Frequency Restoration Reserves (mFRR) will 
be activated. In contrast to aFRR activation, mFRR activation is not activated by computer 
algorithms but by operators in the control room. mFRR activation aims to free-up the aFRR 
reserves, which should be available for new imbalance situations (ENTSO-E, 2009). mFRR is 
activated only in case of sustained aFRR activation, which occurs infrequently . Contrary to 
aFRR reserves, mFRR reserves are not activated automatically. The decision process 
regarding mFRR activation differs per TSO. Some TSOs (e.g. German TSOs) have relatively 
strict criteria regarding mFRR activation, while other TSOs (e.g. TenneT NL) leave the 
relevant decisions to the insights of operators in the TSO control room. Gas turbines with a 
short start up time or demand side management projects are common providers of mFRR 
(Consentec, 2014).  
 
A distinction can be made between directly activated mFRR (mFRRda) and schedule 
activated mFRR (mFRRsa). The main differences between both products are their technical 
requirements. Both types of mFRR must provide energy during the whole ISP after the ISP in 
which the activation signal has been sent out. mFRRda must directly provide energy in the 
ISP when the signal was sent out according to a specific ramp rate, while mFRRsa does not 
need to provide energy in the ISP in which this signal was sent out. What types of mFRR is 
activated happens based on the nature of the imbalance situation. 
 
As previously described, a minimum capacity of FRR should be contracted by the TSO. The 
Netherlands contracts mFRRda to partly fulfil this requirement , this happens through 
quarterly (50%) and half yearly (50%) auctions. In Germany, all contracted mFRR should be 
able to provide mFRRsa or mFRRda. Whether the contracted capacity will be used as 
mFRRsa or mFRRda depends on the nature of the system imbalance. Contracting happens 
through daily auctions on Regelleistung.net.  
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mFRRda providers receive a capacity remuneration, as well as an energy remuneration. In 
the Netherlands, the energy remuneration is generally 10% percent higher than the 
imbalance price, with a minimum price of 200 euro/MWh. Providers of mFRRsa bid on the 
same merit order as aFRR providers, but are only activated in case mFRR is activated. The 
highest mFRRsa or aFRR bid sets the imbalance price. This imbalance price will also be used 
for the financial settlement for all mFRRsa and aFRR energy in the Netherlands (see section 
3.6 for a detailed explanation). Germany uses a pay-as-bid system for mFRR, which means 
that market participants that provided mFRR energy receive the bidded energy price.  
 
Table 3 mFRR product specifications (Lampropoulos et al., 2016; ENTSO -E, 2009, Regelleistung.net , 
TenneT, n.d.d) 

 mFRRda mFRRsa 
Technical 
requirements 

Maximum 100% start-up time of 
15 minutes. Minimum total 
activation duration of 15 minutes. 

Maximum full activation time of 15 
minutes. Minimum total activation 
time of 15 minutes. 

Method of 
activation 

Manual activation Manual activation 

Market structure Minimum capacity contracted 
through quarter and half yearly 
auctions in the Netherlands and 
through daily auctions in 
Germany.  

Only free bids 

Capacity 
requirements 

the Netherlands: 350 MW 
upwards, 200 MW downwards in 
2017.  
Germany: Differs per quarter. 
2048 MW upwards, 1131 MW 
downwards in the last quarter of 
2017. 

n.a. 

Method of 
remuneration 

Capacity remuneration and an 
energy remuneration which is 
10% higher than imbalance price 
and at least 200 euro/MWh,.   

Financial settlement for electricity 
ÐÒÏÖÉÄÅÄ ÏÒ ÃÏÎÓÕÍÅÄ ɉΌȾ-7ÈɊ 
according to imbalance price 
(discussed in section 3.6). 

Minimum bid 
size 

4 MW 4 MW 
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3.5. Step 5: Reserve replacement  (optional)  

 
Some TSOs also contract Reserve Replacement (RR) capacity. RR frees up mFRR capacity and 
is generally activated in time spans of at least one hour. Many TSOs, including all Dutch and 
German TSOs, do not make use of RR, as it competes with the intraday trading market. For 
this reason, RR will not be further discussed in this study.  

3.6. Step 6: Financial settlement  

 
The electricity price received by a producer and paid by a consumer of electricity is 
dependent on the moment of trade; electricity traded in the intraday market has a different 
price than the electricity traded in the forward or day-ahead market. Balancing can be seen 
as real-time buying or selling electricity by a TSO. The price of this real time market is the 
imbalance price.  
 
Germany and the Netherlands use different methods to determine the imbalance price. A 
pay-as-bid system is used for aFRR and mFRR in Germany, meaning that the price that 
applies to activated aFRR and mFRR providers is equal to the price they bid in. The German 
imbalance price for BRPs is determined by dividing the total balancing costs by the total 
imbalance volumes in an ISP. In the Netherlands, a marginal pricing system is used for 
financial settlement. The price of the highest activated aFRR or mFRR bid in an ISP 
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determines the imbalance price for that ISP. This imbalance price applies to BRPs in 
imbalance, as well as to all activated aFRR/mFRR bids. 
 
A high system imbalance leads to a big price difference with the intraday or day-ahead price. 
This price difference is called the imbalance delta and can be seen as a penalty for 
contributing to system imbalance. A high imbalance delta incentivises BRPs to avoid having a 
negative contribution to the system imbalance. In the Netherlands, TenneT provides BRPs 
with live updates on imbalance volumes and prices to financially stimulate BRPs to have 
beneficial contributions to reduce the system balance, by having a positive BRP imbalance in 
case of a negative system imbalance and vice versa. This mechanism is called 'passive 
balancing'. 
 
Generally, the imbalance price is higher than spot market price with a short system 
(imbalance shortage/negative system imbalance), while it is lower than the day-ahead or 
intraday price with a long system (imbalance surplus/positive system imbalance). This is 
further explained in Figure 5 & Figure 6 on page 16 & 17.  
 
The Dutch balancing market knows two extra elements. Firstly, it has introduced a dual 
pricing system (TenneT, 2016). In a situation with both relatively high negative and positive 
imbalances within one ISP, a separate imbalance price for positive and negative imbalance 
applies, to motivate market participants to refrain from being in imbalance in either 
direction. Secondly, an 'incentive component' is introduced in some situations to encourage 
market parties to refrain from portfolio deviations . It can be seen as an extra penalty upon 
the imbalance price. It will be increased for one week if one of the following events occur: 
¶ the number of five minute blocks in a week with a change in imbalance volume 

greater than 300 MW is higher than 40. 
¶ the weekly average change of imbalance volume per 5 minutes is higher than 20 MW.. 

(TenneT, 2017b) 
The incentive component is zero the majority of the time. 
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Figure 5 - Schematic explanation of the imbalance price in case of a short system.  
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Figure 6 - Schematic explanation of the imbalance pri ce in case of a long system. 
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4. Methodology  
The methods used for answering each of the research questions of this report are discussed 
separately.  

4.1. Developments in balancing markets  
The first research question focuses on volume, price and market developments in balancing 
markets between 2013 and 2017.  

4.1.1. Volume developments  
Volume developments in the balancing markets will be studied by looking at BRP imbalance 
volumes, as well as activation volumes of different balancing products. In addition, 
developments in contracted volumes of different balancing products will be analysed. 
 
Net BRP imbalance volumes are available on a 15-minute basis on the TenneT NL website 
(for the Netherlands) and on Regelleistung.net (for Germany). The Netherlands and Germany 
use a different configuration for short and long imbalance volumes. This is harmonized by 
converting imbalance volumes with a short system to negative values, while imbalance 
volumes with a long system are converted to positive values. While the published Dutch BRP 
imbalance values are exact measurements, the published German imbalance volumes equal 
the summed IGCC and FRR activation volumes, and are thus an approximation of the net BRP 
imbalance volumes.  
 
aFRR and mFRR activation volumes are also published on a quarter-hourly time scale on the 
TenneT NL website and Regelleistung.net for the Netherlands and Germany respectively. 
Developments in contracted volumes of FCR, aFRR and mFRR in Germany are determined 
using data from Regelleistung.net. Contracted volumes in the Netherlands are obtained from 
Regelleistung.net for FCR, and internal TenneT NL data for aFRR and mFRR. 

4.1.2. Price developments  
Developments of both imbalance prices and capacity prices will be studied when examining 
price developments in the balancing market. 
 
Imbalance prices are published by TenneT NL for the Netherlands and by Regelleistung.net 
for Germany. Regelleistung.net also publishes weekly Dutch and German FCR prices and 
German aFRR capacity prices. Dutch aFRR prices are published on ENTSO-E Transparency 
Platform.  
 
Imbalance price developments will be studied using imbalance price deltas instead of 
absolute imbalance prices, as the difference between the spot market price and the 
imbalance price is the incentive for market participants to stay balanced (see section 3.6).  
 
The imbalance price delta can be calculated using the day-ahead price or the intraday price 
as a reference price. The day-ahead price will be used as a reference price in this study for 
different reasons. Firstly, the traded volumes on the day-ahead market are much higher than 
on the intraday market, especially in the Netherlands. The German intraday market is 
relatively big, but is still much smaller than the intraday market. In addition, most trading in 
the intraday market in Germany is done by TSOs, which cannot be in imbalance. Therefore, 
most market participants look at the difference between imbalance price and day-ahead 
price when determining the penalty of being in imbalance. Secondly, there is not one single 
German intraday price for an hour, since part of the German intraday trading takes place in a 
continuous auction. The 'intraday price' for a specific hour is often determined by taking the 



19 
 

weighted average price of the continuous auction, based on trading volumes. However, as 
this represents an artificial price, this intraday price is not used as a reference price.  
 
The imbalance price delta will calculated differently for short and long systems, as both 
systems require different incentives, as described in Figure 5 & 6. For short systems the 
imbalance price delta has been calculated as: 
 

ὭάὦὥὰὥὲὧὩ ὴὶὭὧὩ ὨὩὰὸὥὭάὦὥὰὥὲὧὩ ὴὶὭὧὩὨὥώ ὥὬὩὥὨ ὴὶὭὧὩ 
 
The imbalance price delta has been calculated as follows for long systems: 
 

ὭάὦὥὰὥὲὧὩ ὴὶὭὧὩ ὨὩὰὸὥὨὥώ ὥὬὩὥὨ ὴὶὭὧὩ ɂ ὭάὦὥὰὥὲὧὩ ὴὶὭὧὩ 
 
As reserve capacity is auctioned for different timeframes for different balancing products,  
capacity prices will be standardized to be able to make a comparison. This standardization 
takes place by dividing capacity prices by the number of hours for which capacity needs to be 
provided.  
 
German aFRR capacity is auctioned in four products: off-peak downward capacity, peak 
downward capacity, off-peak upward capacity and peak upward capacity. Peak products 
should provide capacity between 08:00-20:00 on weekdays, while off-peak products should 
offer capacity between 20:00-08:00 on weekdays and 24 hours/day on weekends and 
holidays. The combined German aFRR capacity price has been determined by taking the 
weighted average standardized capacity prices of the four products, based on contracted 
capacity.  
 
In the Netherlands, aFRR is partly contracted in yearly auctions and partly in 
quarterly/monthly auctions. The Dutch aFRR capacity price has also been determined by 
taking the weighted average standardized capacity price.  

4.1.3. Market developments  
Market developments will be examined by looking at the market revenue in different 
markets over years, aFRR merit order developments and by monitoring the providers of 
balancing energy. 
 
The market revenue of a specific market is the sum of revenue made by market participants 
from providing capacity and the revenue made by market participants for providing 
balancing energy.  
 
The capacity revenue (CR) for a specific market has been determined as follows: 

ὅὙ ὧὥὴὥὧὭὸώ ὴὶὭὧὩὧzέὲὸὶὥὧὸὩὨ ὺέὰόάὩ

Π 

 

The imbalance price delta instead of absolute imbalance prices will be used to determine the 
revenue made with providing balancing energy, as market participants generally see the 
extra money made compared to the day-ahead price as balancing revenue. The following 
formula has been used in determining the balancing energy revenue (BER) if the system was 
short and if the system was long: 
   

ὄὉὙ ίὬέὶὸ ὦὥὰὥὲὧὭὲὫ ὩὲὩὶὫώ έὪὪὩὶὩὨᶻὭάὦὥὰὥὲὧὩ ὴὶὭὧὩὨὥώ ὥὬὩὥὨ ὴὶὭὧὩ
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