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Introduction 

 
In this report, THEMA Consulting Group assesses the different balancing and redispatch approaches used 
by system operators in seven selected countries, and examines the feasibility and efficiency of the 
different strategies in a Nordic context. The report is divided into three parts:  
 
The first part gives a qualitative overview of the approaches to balancing and redispatching in Germany, 
Austria, The Netherlands, Great Britain, France, Italy and PJM (a regional transmission organization in the 
US). Based on this mapping, four key dimensions of balancing and redispatching strategies are identified 
and assessed in the second part: 1) the extent to which transmission and security constraints are directly 
accounted for in the market solution, 2) the extent to which there is decentralised real-time system 
balancing by BRPs, 3) the extent to which proactive activation is undertaken, and 4) the extent to which 
reserves are dynamically managed based on scheduling information. The third part gives a qualitative 
discussion and consideration of the feasibility and efficiency of the different strategies in a Nordic context.  
 
This study is commissioned by NVE, and conducted by THEMA consulting group. The findings, analysis and 
recommendations of this report are those of THEMA Consulting Group and do not necessarily reflect the 
official position of NVE. 
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Brief summary  

System Operators pursue a variety of balancing and redispatch strategies. Based on an examination of 
the approaches used in Germany, Austria, The Netherlands, Great Britain, France, PJM, and Italy, we 
identify four dimensions that appear to largely define a System Operator’s overarching strategy. These 
are the extent to which: 
1. the energy market clearing process accounts directly for transmission constraints; 
2. the imbalance settlement process encourages a passive real-time response from Balancing 

Responsible Parties to support system balance; 
3. the System Operator proactively schedules plants to respond to forecast imbalances; and, 
4. The System Operator dimensions and procures reserves close to real time with a view to plants’ 

dispatch schedules and the implied contingencies. 
We examine the pros and cons of these different approaches both in general and in the Nordic context 
specifically. The use of multiple bidding zones and proactive activation are expected to improve efficiency 
by reducing the costs of redispatch. More dynamic reserve procurement practices are also likely to be 
beneficial by supporting lower reserve costs. The efficiency benefits of passive balancing are less obvious 
in a Nordic context, since the cost of balancing energy is already low and passive balancing would not be 
able to support the integration of relatively large capacities of HVDC cables (a particular concern in the 
Nordics). Ultimately, we cannot determine whether a system of passive balancing would be net beneficial 
in the Nordic context and the answer may well depend on the details of implementation. 

 

About THEMA Consulting Group 
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0158 Oslo, Norway 
Company no: NO 895 144 932 
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THEMA Consulting Group is a Norwegian consulting 
firm focused on Nordic and European energy issues, 
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SUMMARY AND CONCLUSIONS 

All electricity System Operators (SOs) face the same fundamental need to balance supply and 
demand in real time and ensure that power can be transmitted from generation to load without 
violating the technical limits of the transmission network. However, despite sharing the same physical 
constraints and the same operational objectives, the processes and markets used to support system 
operation vary markedly from one market to the next. 

Greater cross-border cooperation and harmonisation has the potential to improve overall system 
efficiency, for example by enabling flexible generators in one country to support the operational 
objectives of a neighbouring System Operator. To help realise these efficiencies, the EU adopted 
the Electricity Balancing Guideline in 2017. However, greater cooperation is frustrated not only by 
the presence of regulatory and product definition variations across countries, but also by the fact that 
System Operators pursue markedly different operational approaches to balancing and redispatch, 
reflecting their national market designs and the technical characteristics of the systems they manage. 

This study looks at these balancing and redispatch strategies in detail, seeking to identify the core 
tenets of these different approaches, assess their relative merits and consider their feasibility and 
efficiency in the context of the Nordic market. 

We have looked at seven markets in detail (Germany, Austria, The Netherlands, Great Britain, 
France, PJM, and Italy) and, on the basis of these, identified four fundamental choices that appear 
to define a System Operator’s overarching approach to balancing and redispatch. These four choices 
are the extent to which: 

1. the energy market clearing process accounts directly for transmission constraints; 
2. the imbalance settlement process encourages a passive real-time response from Balancing 

Responsible Parties to support system balance; 
3. the System Operator proactively schedules plants to respond to forecast imbalances; and, 
4. the System Operator dimensions and procures reserves close to real time with a view to plants’ 

dispatch schedules and the implied contingencies. 

Looking at the pros and cons of these different approaches, we conclude the following. 

Efficiency is generally supported by the inclusion of transmission constraints in the market-clearing 
process. Doing so limits the need to redispatch plants after the market has cleared, reducing the 
costs of redispatch stemming from, among other things, the need to compensate generators that are 
constrained down and the procurement of reserves for use in redispatch. In the European context,  
transmission constraints are reflected to a greater or lesser extent in the market-clearing process 
through the alignment of bidding zone definitions with the presence of structural transmission 
constraints. 

The use of passive balancing can enable sources of flexibility that might otherwise be practically 
inaccessible to contribute to system balancing, but there are challenges to its effective use. In 
particular, the passive response price signal must avoid exacerbating transmission constraints or 
giving rise to an excessive decentralised response that overcompensates for the initial imbalance. 
Both of these problems could ultimately lead passive balancing to harm efficiency. 

Proactive activation supports lower-cost responses through better cost optimisation, but ultimately 
relies on the SO’s ability to forecast accurately. In order to provide the SO with the scope to 
undertake proactive activation, it may also be necessary to adopt design features that hamper 
efficiency in other ways, e.g. early gate closure. Proactive activation may also conflict with the use 
of passive balancing given the added challenge of coordinating and anticipating the passive 
balancing response. 

Dynamic reserve management is theoretically attractive given its ability to make use of additional 
information that, for example, allows smaller reserves to be contracted without any material harm to 
security of supply. 

http://www.thema.no/
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In general, the Nordic market could feasibly implement almost any of the balancing and redispatch 
strategies identified in this work, although we consider the adoption of a nodal market design to be 
politically challenging and likely to imply significant transition costs. We find that the case for 
proactive balancing is particularly strong in the Nordics, because it supports actions to address 
predictable imbalances resulting from the stepwise nature of scheduling – imbalances that are likely 
to be particularly significant in the Nordic context given the large number of controllable HVDC cables 
connected to comparatively small bidding zones. We also note that the application of dynamic 
reserve management may have been limited historically by the need to share reserve procurement 
responsibility among the Nordic TSOs, which has resulted in the adoption of some static quantity 
targets for reserve levels. 

Finally, with regards to passive balancing, we find that the benefits of passive balancing in the 
Nordics are likely to be lower than in other regions, although we cannot determine whether the 
adoption of a scheme of passive balancing would be net beneficial or costly – a determination that 
may well depend on the details of implementation. In particular, passive balancing cannot be used 
to address the stepwise imbalances noted above, since these generally change sign within any 
imbalance period. Also, the cost of balancing energy is already comparatively low in the Nordics 
given the abundance of low-cost flexibility. Consequently, there is comparatively little scope to 
reduce costs further through the addition of passive suppliers. Ultimately, it is not clear therefore that 
the benefits of passive balancing would be large enough to outweigh the costs involved, for example, 
from the potential need to maintain higher security margins on cross-zonal capacity. 

http://www.thema.no/
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1 INTRODUCTION AND THE CHALLENGE FACING SYSTEM 
OPERATORS 

This report is the culmination of ‘a study on balancing and redispatching strategies’, commissioned 
by NVE. 

1.1 The System Operator’s problem 

All electricity systems share the same fundamental objectives. All systems look to supply end-user’s 
demand at least cost subject to the technical and security constraints imposed by the physics of the 
electricity network and the operational standards determining suitable security of supply. In trying to 
achieve these objectives, all systems are confronted by two facts. First, system operation is path-
dependent, in that the options available to the System Operator or SO depend on earlier decisions. 
Second, real-time operations are uncertain when viewed ahead of real-time, with this uncertainty 
diminishing over time. Given these features, all systems produce plans or schedules in advance of 
real-time and then revise these plans repeatedly and as needed in the run up to real time. 

All of the systems considered in the report have energy markets and, in most cases, these markets 
are the first step in defining how the system will actually be run. These markets can help to determine 
how much load will need to be served and identify those plants that can supply the necessary power 
at the least cost. At some point however, the planning and operation of all systems is handed over 
to the SO, which is ultimately responsible for the secure and efficient operation of the electricity 
system. The tasks performed by the SO and the market, and the ways that they interact, differ among 
systems. 

Two of the technical requirements that any system must meet to function securely are: 

1. The balancing requirement – Energy demand and generation must be equal at all times; and, 
2. Transmission feasibility – It must be possible to transmit power from generation to load without 

exceeding the safe operating capacity of the electricity grid. 

The balancing requirement is met through the purchase of balancing energy on the part of the SO. 
At a simple level, the lowest cost means to meeting the balancing requirement involves: 

1. Reducing the absolute size of any imbalance between demand and generation that needs to be 
corrected, e.g. by giving market parties ample incentives and opportunities to balance their 
positions and through improvements to forecasting accuracy; 

2. Increasing the potential supply of balancing energy, e.g. by making use of additional sources of 
flexibility like demand response; and, 

3. Selecting efficiently from among the available sources of balancing energy, e.g. by using a merit-
order based activation processes. 

These different aspects of a theoretical optimal approach to balancing are shown visually in Figure 
1-1 under. 

In practice, identifying an optimal strategy is not trivial, since efforts to improve one aspect of the 
strategy may conflict with others. For example, earlier gate closure may make it easier for the SO to 
secure lower cost sources of balancing energy but harder for market participants to forecast their 
positions and therefore increase the absolute size of the imbalance. 

http://www.thema.no/
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Figure 1-1 Minimising the cost of balancing 

 

The transmission feasibility requirement is achieved through a combination of market clearing 
mechanisms that account for transmission constraints and the so-called redispatch of generation by 
the SO. In the latter, generation is relocated on the grid by adjusting plants’ production schedules up 
and down as needed. 

Again, the optimal approach combines the same three elements, albeit applied to the need for 
redispatch. Ideally, the market design will: 

1. Reduce the need for redispatch by ensuring that the market solution is feasible given the limits 
imposed by the transmission infrastructure available; 

2. Increase the potential supply of dispatchable energy, e.g. by making use of additional sources 
of flexibility like demand response; and, 

3. Select efficiently from among the available sources of flexibility, e.g. by using merit-order based 
re-dispatch processes. 

We will discuss it repeatedly throughout the report but accounting for transmission feasibility as part 
of the initial market solution has the scope to significantly reduce the costs of redispatch by 
eliminating the need for it.1 

1.1.1 The interaction between balancing and redispatch 

The optimal interaction between balancing and redispatch activity is considered further in section 
3.3.3. Here however, it is worth developing some concepts that will be useful in considering the 
timing of balancing and redispatch activity throughout the rest of the report. 
The first point to note is that the predictability of balancing actions varies based on the cause of the 
imbalance. We use the terms ‘deterministic’ and ‘stochastic’ imbalances to describe predictable and 
unpredictable imbalances respectively, so as to conform to the terminology most common in the 
literature. However, even this dichotomy might be misleading as imbalances can have many different 

                                                

1 It is worth noting that this does not remove the fundamental costs of the transmission constraint. A market 
solution that accounts for transmission constraints will be more expensive, since it is the market, and not the 
SO, that needs to identify and pay for the transmission solution. In theory, this may simply reflect a transfer of 
costs from the SO to the market, with no real efficiency gain. However, in practice, we would expect the market 
solution to be lower cost, at least in the absence of market power, since (i) its earlier timing should allow it 
better access to resources to solve the transmission problem and (ii) only redispatch, as performed by the SO, 
will involve additional compensation payments that incentivise perverse behaviour. 

Cost

Quantity of balancing energy

Amount of

energy required

Supply
1

2

3
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causes such that even predictable or deterministic imbalances can be very different in terms of the 
ease with which they can be predicted. 

The most conspicuous deterministic imbalances are due to the fact that discrete trading periods 
result in a stepwise market solution that does not accurately reflect the more gradual changes in 
supply and demand that occur in practice. The imbalances that result, as visualised in Figure 1-2, 
are easily predicted. Other harder to predict but nevertheless deterministic imbalances might include 
systematic imbalances on the part of Balancing Responsible Parties, for example due to poor 
incentives or poor planning, or short-lived demand disturbances, such as TV pick-ups caused by 
predictable advertising breaks in major sports events. 

Figure 1-2 Deterministic imbalances 

 

Source: Lion Hirth (2015), Balancing power: policy options  

Stochastic imbalances, in contrast, are inherently unpredictable and typically result from unplanned 
outages in generation or transmission equipment. 

As the last sentence implies, we can also think about congestion in the network as being 
deterministic or stochastic. Some congestion will be easily predicted at the day-ahead stage – the 
implied flows from the day-ahead market outcome might clearly exceed the maximum capacity of 
the network’s transmission assets for example. However, some may be unpredictable, for example 
due to a seemingly random fault in a transmission asset. 
These distinctions are important because they limit the ways in which the SO can respond. 
Stochastic issues cannot be dealt with in advance because they are unforeseeable, whereas 
deterministic issues can, at least in theory, be proactively managed. As a generalisation, congestion 
issues, at least for those systems in which the market solution does not require transmission 
feasibility, are deterministic and known in advance. In contrast, much, but not all, balancing activity 
is stochastic and must be dealt with in real-time. This limits the extent to which balancing and 
redispatch can be co-optimised in advance of real time. However, there may exist some elements of 
both redispatch and balancing activity that are deterministic and can, in theory at least therefore, be 
co-optimised ahead of real time. 

http://www.thema.no/
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1.2 The structure of the report 

In the remainder of the report we look at how balancing and redispatch strategies differ among SOs 
in response to the specifics of their market design. The following chapters include: 

 A description of how balancing and redispatch is currently undertaken in the following systems: 

o Germany, 

o Austria, 

o The Netherlands, 

o Great Britain, 

o France, 

o PJM, and 

o Italy; 

 A description of the fundamental market design choices that underpin alternative approaches 
to balancing and redispatch; 

 A systematic assessment of these different choices with regard to security of supply, economic 
efficiency and the facilitation a well-functioning international market; and, 

 A consideration of both the feasibility and efficiency of the different options identified in the 
context of the Nordic power system. 

http://www.thema.no/
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2 CURRENT INTERNATIONAL PRACTICE 

In this chapter we provide a brief description of how balancing and redispatch are handled in the 
following seven power systems: 

 Germany 

 Austria 

 The Netherlands 

 Great Britain 

 France 

 PJM 

 Italy 

The examination of these systems has informed our approach to classifying different balancing and 
redispatch strategies as set out in chapter 3. Sections 2.1-2.7 under provide an overview of balancing 
and redispatch practice in each country. Section 2.8 concludes by briefly comparing the approaches 
used. 

2.1 Germany 

2.1.1 Summary of balancing and redispatch strategies 

Germany operates as a single energy market bidding zone which also includes Luxembourg. As 
such, energy prices do not reflect congestion within this zone and give no incentive to locate 
production efficiently (Monopolkommission, 2013). 

For the purposes of system operation, Germany is split into four control zones operated by the 
following TSOs: TenneT DE, Amprion, 50Hertz and TransnetBW. The four SOs procure reserve 
capacity via shared calls for tender and cooperate among themselves to net imbalances between 
their control areas, thereby avoiding the counter-activation of reserves. 

Balancing actions are reactive, i.e. they are taken to correct actual frequency disturbances after the 
fact (Art. 13, Energy Industry Act). The bulk of balancing energy is activated automatically and 
therefore the operational balancing strategy consists mainly of ensuring that there are adequate 
(automatic) reserves to ensure that any imbalance is corrected, and that these reserves are as small 
and cheap as possible. 

Congestion management relies on the use of multiple tools. In the first instance, the TSOs will seek 
to redispatch conventional units. All generation units with a capacity of more than 10 MW are required 
to accept redispatch instructions and are entitled to compensation defined in regulation and intended 
to leave them indifferent. If conventional redispatch is unable to relieve the congestion problem, other 
options include the use of a special strategic capacity reserve that is used exclusively for grid 
management and, as a last resort, restricting generation from renewable or Combined Heat and 
Power generators. 

Interaction between the balancing and redispatch strategies 

Balancing and redispatch are essentially conducted independently. Redispatch is, in the first 
instance, conducted by ordering dispatchable generators to alter their production. These generators 
need not have a reserve contract and are compensated in accordance with regulation. Redispatch 
does not require the prior acquisition of reserves and the reserves procured therefore target the 
system’s balancing requirement alone. The activation of balancing energy is largely automatic. aFFR 
is activated based on a common merit order for Germany and Austria that accounts for transmission 

http://www.thema.no/
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constraints between the two countries.2 Redispatch decisions do not influence the process of 
activating balancing energy. 

2.1.2 Balancing 

Products 

FCR 

FCR provides immediate frequency restoration and is activated automatically based on frequency 
measurements at the prequalified units. It has to be made available within 30 seconds and can be 
active for up to 15 minutes. 

FCR capacities are acquired via a shared call for tender across all control zones. This is organised 
via the online platform regelleistung.net in cooperation with Austria, Belgium, the Netherlands, 
France and Switzerland, all of whom procure part of their primary reserve through the common 
pooled process. The ENTSO-E System Operation Guideline requires each country to source a 
certain share of its primary reserve requirements from domestic providers. 

FCR tenders take place once a week and require the provision of capacity for week-long blocks for 
a symmetric product. The auction clears based on the merit order of capacity prices. Participating 
units have to be prequalified by their respective TSO and require a minimum capacity of 1 MW. FCR 
providers are compensated for the provision of capacity on a pay-as-bid basis. There is no additional 
remuneration for activation. 

aFRR 

aFRR is dimensioned on a quarterly basis based on a probabilistic method that considers data from 
the four past quarters and the following variables: power plant failures, load fluctuation, cross border 
schedule shifts and forecast errors. 

Capacity is procured daily and for four-hour blocks via regelleistung.net. Providers are remunerated 
according to the capacity price they bid (pay-as-bid) and the energy price bid (pay-as-bid). Offers 
from prequalified units are accepted based on the merit order of capacity prices.3 Positive and 

negative reserve capacity are auctioned separately. The minimum capacity is 5 MW unless providers 
limit their bids to one per block, in which case the minimum is 1 MW.  

To prevent counteracting activations of secondary reserves, Germany and several European TSOs 
cooperate in imbalance netting. This imbalance netting is done under the framework of the 
International Grid Control Cooperation (IGCC) project. 

aFRR is activated automatically via load-frequency controllers. The product requires providers to be 
fully active in 5 minutes and for up to 15 minutes. Activation is based on the merit order of energy 
prices. 

Since 2016, the German and Austrian TSOs have activated secondary reserve according to a 
common merit order list (under transmission constraints). Since the beginning of 2019, they have 
also undertaken joint procurement of secondary reserve capacity. However, due to the splitting of 

                                                

2 Within Germany, deviations from common-merit-order activation are occasionally necessary due to grid 
constraints. The TSOs publish deviations on the following webpage:  
https://www.regelleistung.net/ext/data/mol?lang=en. 
3 In June 2018, the regulatory authority defined a clearing process based on the merit order list of a weighted 
combination of capacity and energy prices. The weights reflect the probability of activation and are calculated 
based on 12-months of activation history. The change was triggered by a situation in autumn 2017, when a 
provider of a balancing capacity price of zero and a balancing energy price of 77,777 €/MWh and was activated 
nonetheless. However, the new legislation was stopped by the Oberlandesgericht Düsseldorf (regional appeal 
court of Düsseldorf) two days after coming into force. As of October 2018, this mechanism remains under 
debate. Until the issue is resolved and balancing energy prices are capped in the interim at 9.999 €/MWh. 

http://www.thema.no/
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Germany and Austria into separate bidding zones, cross-zonal capacity between the countries now 
has to be allocated to the energy market. The respective TSOs have agreed that up to 280 MW of 
the total 4.9 GW of transmission capacity between Austria and Germany can be reserved for 
exchanging reserve energy. The exact amount is determined in a weekly cost benefit analysis where 
the volume of capacity reserved is optimised taking into account the expected value of capacity to 
the day ahead market relative to the reserve markets. The value of capacity used in this assessment 
is based on expected day ahead prices and the costs of deviating from a common reserve merit 
order due to capacity constraints. The process governing the joint procurement of capacity takes into 
account the volume of cross-zonal capacity that is reserved in this way, as well as constraints on the 
minimum share of total capacity that must be procured in each country. 

mFRR 

The processes for mFRR are  similar to the aFRR processes. mFRR is dimensioned on a quarterly 
basis in the same way. Procurement also takes place separately for upward and downward products 
on a daily basis and for four-hour blocks. Participating units have to be prequalified by their 
respective TSO and the clearing process for the auction is the same. 

mFRR is activated manually by the respective TSOs by transmitting an electronic request to the 
allocated unit(s). The full capacity has to available within 15 minutes and be activated for up to 60 
minutes. If the disturbance is not resolved within 60 minutes, the BRP responsible for the disturbance 
must provide the necessary reserve capacity, e.g. via the intraday markets or else using power plants 
within the balancing group. 

Interruptible loads 

TSOs can also contract with power consumers with a capacity of more than 5 MW and a predictable 
load profile to enable them to interrupt loads for a certain time frame (“interruptible loads”). 
Interruptible loads have to be available either immediately (“SOL”) or within 15 minutes (“SNL”). 750 
MW of each, SOL and SNL, are tendered weekly via regelleistung.net. Interruptible loads can be 
activated for time frames between 60 and 480 minutes. They are activated if the control room 
operators see fit, for example when demand for FRR is high. Overall, they play a relatively minor 
role in balancing. 

Settlement 

Balancing Responsible Parties combine a number of producers and consumers from within one 
control zone and are charged for any net imbalance in their collective position. The imbalance price 
used for the settlement of imbalances is determined as a uniform price across all control zones and 
effectively shares out the accounting costs of balancing actions. It is calculated by dividing the net 
expenditures for the activation of balancing energy (costs minus revenues4 across all control zones) 

by the net balancing energy used in MWh (positive and negative balancing energy across all control 
zones). As such the imbalance price reflects the average, rather than the marginal, cost of balancing 
energy. 

The imbalance price is bounded by the highest (or lowest) balancing energy price bid within the 
respective block. This sets an upper (lower) bound in case only a small amount of net balancing 
energy is utilised. If this bound was not in place, division by a small number would lead to extremely 
high (low) prices. The average5 intraday market price for one-hour block products is also used to set 
a lower bound for the imbalance price in each hour, so that BRPs do not speculatively go into 
imbalance in the event of high intraday market prices. 

A mark-up is also added to the price if more than 80% of reserve capacity is utilised. This provides 
further incentives for the BRPs to avoid imbalances (Consentec, 2014). 

                                                

4 Revenues from activating negative reserve, if the energy price is negative 
5 Average weighted by quantities 

http://www.thema.no/
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Costs for the provision of reserve capacity are socialised among grid users via network fees and not 
included in the imbalance settlement price. 

The use of a single imbalance price implies that BRPs might technically be rewarded for an 
imbalance if they counteract the overall system imbalance. However, the lack of marginal pricing 
and the use of a single price across all control zones means that the implied price signal is unlikely 
to be efficient for incentivising passive balancing. Furthermore, system data is not published in real-
time and, consequently, BRPs do not have sufficient information on the direction and amount of 
balancing energy needed by the system. Needleless to say, the German settlement system is 
designed for system-level balancing to be conducted exclusively by the TSOs. 

Strategy 

Germany’s balancing strategy is reactive and involves responding to imbalances as they occur. 
Reserve costs are controlled through the use of market-based tendering for standard products and 
merit-order activation. Where possible, imbalances are netted to prevent counter-activation. 

2.1.3 Congestion management 

Congestion management is planned in advance, with cooperation among all four German TSOs, as 
well as neighbouring TSOs. Redispatch relies on the forced start-up / ramp-down of power plants 
with an installed capacity of >10 MW and on the use of the dedicated grid reserve. 

Potential congestion is first evaluated in the Week-Ahead Planning Process (WAPP). Based on solar 
and wind power forecasts as well as information on the availability of conventional power plants, the 
TSOs determine the potential need for congestion management. The WAPP determines the 
activation of the grid reserve, which has long lead times for start up (described further below). 
Additionally, the potential forced start-up of regular units with a long ramping time is planned. The 
plans developed through the WAPP are continuously updated until the day-ahead stage at 10 am. 
The day-ahead market close is at 12:00, D-1. At this point, only reserve units with long start up times 
will have received instructions related to congestion management. It is only after the BRPs have 
provided their load schedules to the TSO (14:30, D-1), that the TSOs review and specify the need 
for redispatch among plants active in the energy market. At this point, during the day-ahead stage, 
larger load adjustments are ordered through the redispatch process described below. At 18:00 D-1, 
data is exchanged with other European TSOs, as input for the Day ahead congestion forecast 
(DACF) which is published at 20:00 (D-1). The German TSOs then re-evaluate their redispatch 
strategies based on the DACF. As real time approaches, ramping times limit the availability of 
capacity for redispatch. After 22:00 (D-1) the TSOs perform an Intraday Congestion Forecast (IDCF) 
and continuously examine and adjust their redispatching strategies in the run-up to real-time (Henkel, 
2016). 

In conducting redispatch, the TSOs rely predominantly on the right to redispatch conventional 
generators. Where this proves insufficient to relieve the congestion, they may also make use of the 
dedicated grid reserve or, as a last resort, the forced curtailment of renewables (Art. 13 Energy 
Industry Act).  

All units with a capacity of more than 10 MW can be ordered to adjust their loads for redispatch 
without contractual arrangements. According to the legislation governing system operation, units 
subject to redispatching must be notified in a timely manner “if possible”. TSOs, however, ultimately 
have the right to redispatch on short notice (Art. 13 Energy Industry Act). 

Financial compensation is explicitly regulated and based on the actual costs caused by the 
redispatch measure. This includes foregone revenues (i.e. the revenue that could have been made 
from selling the redispatched energy), operational costs and the costs associated with getting units 
into operation mode, if applicable (Art. 13a Energy Industry Act). Units report these costs to the 
TSOs in advance to enable them to assess cost effectiveness. The remuneration process is 
designed to ensure that units neither benefit nor suffer from redispatch, but has been subject to 
debate, as producers feel they are not fully compensated for their expenses. 

http://www.thema.no/
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Until 2015, TSOs were required to select units for redispatch based on the merit order of expected 
redispatch costs. However, the relevant regulation has since been abolished, such that the process 
for redispatch is currently not regulated in detail. The regulatory authority advised TSOs to continue 
applying the redispatch merit order even though it ceased to be legally binding. The choice of units 
used is now ultimately therefore at the discretion of the issuing TSO (Ecofys, 2018). 

In considering conventional redispatch, the TSOs also consider the use of countertrading, i.e., cross 
zonal redispatch initiated by system operators between two bidding zones to relieve physical 
congestion, as well as the use of interruptible loads. 

Where these approaches are not expected to be sufficient, the TSOs may activate a dedicated “grid 
reserve”. The reserve is dimensioned annually and is made up of power plants that have, or plan to, 
shut down. These plants are not allowed to operate in the regular electricity markets while they make 
up part of the grid reserve. Grid reserve capacity can additionally be purchased in neighbouring 
countries (Bundesnetzagentur, 2018b). 

Compensation for units in the “grid reserve” includes the cost of preparing the units to act as “grid 
reserve” and their operating costs when responding to TSO control. In addition, the units are given 
a contractually agreed capacity price based on costs for provision of capacity and energy payments 
which reflect operating costs (Art. 6, Act on Grid Reserve). Activation of the grid reserve is costlier 
than the use of conventional redispatch measures. 

Finally, if all other options for congestion management are exhausted and system stability requires 
it, TSOs can order renewable or Combined Heat and Power generators to ramp down electricity 
production. In most cases, this affects onshore wind installations. As wind energy is sometimes 
connected to the lower voltage distribution networks, the curtailment of renewables has to be 
coordinated with the respective DSOs. 

These generators have to be compensated for 95% of foregone revenues (based on feed-in tariffs) 
according to Art 15 Renewable Energy Act (“EEG”). 

2.1.4 Summary figures 

Figure 2-1 German reserve procurement 

 

Figure 2-2 Example German balancing and redispatch activity 
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2.2 Austria 

2.2.1 Summary of balancing and redispatch strategies 

The Austrian TSO, APG (Austrian Power Grid AG), relies on a reactive balancing strategy conducted 
through the automated activation of different classes of reserve, similar to the German system. 
Congestion management is conducted through the redispatch of contracted reserves and in close 
cooperation with Germany in particular. 

Interaction between the balancing and redispatch strategies 

The reactive and automated nature of balancing means that APG’s redispatch and balancing 
strategies are essentially conducted independently. Redispatch is achieved by ordering adjustments 
to dispatchable generators’ production schedules. Redispatch is planned ahead of time based on 
load flow calculations. Although the SO has the right to adjust any generator’s dispatch schedule 
subject to compensation, like in Germany, APG is encouraged to do so only as a last resort and 
instead to contract in advance for reserves to facilitate redispatch. Balancing is generally undertaken 
automatically, excepting large imbalances, and aFFR is activated based on a common merit order 
for Germany and Austria that accounts for transmission constraints. Redispatch decisions do not 
influence the process of activating balancing energy. 

2.2.2 Balancing 

Products 

FCR 

APG procures FCR through a weekly pooled process with Germany, Belgium, the Netherlands, 
France and Switzerland. The minimum bid size is 1 MW. Capacities are accepted based on the merit 
order of their capacity prices. The reserve energy has to be made available in a maximum 30 
seconds if needed. Capacity providers are remunerated on a pay-as-bid-basis and there is no extra 
reward for activation. 

aFRR 

In the APG control area, the failure of the largest power plant block (480 MW) is intended to be 
compensated by the activation of both secondary and tertiary reserves in combination, which are 
dimensioned accordingly. Required reserve capacity dimensioned in this way is therefore quite static 
and APG tenders 200 MW of both positive and negative secondary reserve. This can, however, be 
adjusted by the TSO if needed. 

Bids are received in a daily call for tender, in which the minimum bid size is 5 MW, and which can 
be increased in 1 MW steps. The product is split into 6 4-hour blocks which are tendered separately. 
Providers are remunerated according to the capacity price they bid (pay-as-bid) and activation is 
compensated according to the energy price bid. If insufficient bids are placed in the auction, a second 
auction is started. In the extreme case that this does not lead to sufficient reserve capacities, APG 
can oblige suitable suppliers to make the necessary capacity available. 

As noted previously, since 2016, the German and Austrian TSOs activate secondary reserve 
according to a common merit order (under transmission constraints). Activation occurs automatically 
via load frequency controllers. aFRR has to be made available within 30 seconds and active for up 
to 15 minutes. 

Austria is one of several European TSOs that conducts imbalance netting as part of the International 
Grid Control Cooperation (IGCC) project to prevent the counter-activation of aFRR. 

http://www.thema.no/
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mFRR 

As with aFRR, the amount of mFRR procured can be adjusted by the TSO in the event of exceptional 
circumstances. Currently, 200 MW of upward reserve is procured weekly and 80 MW is auctioned 
daily. For negative reserve, -125 MW is tendered weekly and -45 MW daily. 

Energy from mFRR providers has to be made available by the provider within 15 minutes. The 
minimum bid size is 5 MW, while the maximum is 50 MW. Acceptance, activation and remuneration 
follow the same structure as for aFRR control.  

mFRR is activated using an electronic signal through a tool called AutoMOT (Automated Merit Order 
Tool), which, as the name suggests, ensures that mFRR is activated according to the merit order of 
energy prices. 

Settlement 

Each individual BRP can manage a portfolio of multiple generators or consumers and is responsible 
for ensuring balance with respect to that portfolio. Imbalance settlement is carried out by Imbalance 
Settlement Responsible Parties (ISRPs), third parties entrusted with this role (E-Control, 2013). 

The BRPs are responsible for forecasting their portfolios and providing planned schedules. Two 
types of schedules exist, external and internal load schedules. External load schedules must cover 
any cross-border flows and are submitted for the following day by the BRP to the TSO at 14:30 every 
day. The TSO reviews and accepts them but can also suggest changes. The TSO then forwards 
them to the ISRPs for later use in imbalance settlement.  

Internal load schedules only concern transmissions within the Austrian control zone and are 
transmitted by the BRP to the ISRP directly. The ISPRs then provide the TSO with an aggregate 
view of the internal load schedules from its respective BRPs. 

Short-term (intraday) changes to schedules can be announced by the BRP to the ISRP with a lead 
time of 15 minutes (internal), or to the TSO with a lead time of 45 for cross-border transactions 
(external). The BRPs are charged for any subsequent imbalance in the scheduled position of their 
aggregated portfolio. 

Austria applies a single imbalance price for every imbalance settlement period of 15 minutes. BRPs 
that counteract the overall system imbalance are therefore rewarded. However, average system 
imbalance data is only published shortly after the end of each period and, consequently, there is no 
means for BRPs to identify how to support the system in real time. The imbalance price is also not 
reflective of the marginal price of balancing energy. As such, the system is not designed to support 
a passive balancing response on the part of BRPs. 

The details of the current imbalance pricing system are changing as Austria seeks to harmonise its 
rules with the Electricity Balancing Guideline, although these changes will not imply a move to 
marginal imbalance pricing. 

A reformed imbalance price was introduced at the start of 2019 and is equal to a weighted average 
price for activated balancing energy, with the weights determined by the share of energy coming 
from the different categories of reserve. Its lower bound is set to equal the intraday spot price to 
prevent speculative imbalances. Unlike the old imbalance pricing system, imbalance charges will not 
necessarily cover the TSO’s balancing costs but the mechanism for paying extra profits and 
recovering losses has yet to be determined (APG, 2018a). Further reforms are planned, but not yet 
defined, and will require changing national law.6 

Strategy 

Austria’s balancing strategy is reactive and involves responding to imbalances as they occur. 
Reserve costs are controlled through the use of market-based tendering for standard products and 

                                                

6 According to an APG employee, who was interviewed for this study. 
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merit-order activation. Where possible, imbalances are netted to prevent counter-activation. In all 
these respects, the German and Austrian approaches are very similar. 

2.2.3 Congestion management 

APG plans congestion management in advance. On the day ahead, APG carries out load flow 
calculations based on the load schedules it receives, but little information is available on detailed 
operational practices. The Electricity and Organisation Act suggests that APG contracts with 
producers to secure reserve capacity for use in redispatch. The providers are compensated for all 
losses or costs caused by the provision and activation of capacity. The law also requires that APG 
secures heat supply when selecting units to redispatch, thereby ensuring that they do not constrain 
down CHP plants needed to supply heat. Renewable energy resources are also prioritised, if 
possible (Art 23, (2) EIWOG). In the event that no suitable unit has been contracted, the TSO can 
oblige any producer to participate in redispatch. The same rules for financial compensation and 
regarding the priority dispatch of renewables and heat production apply (Art 23, (9) EIWOG). 

APG is currently participating in an ENTSO-E process to define a methodology for coordinated 
redispatching and countertrading across the core members7 (ENTSO-E, 2018a). This harmonisation 

is required by Commission Regulation (EU) No 2015/1222 of 24 July 2015 and will likely determine 
international congestion management procedures in the future.  

In the face of increased congestion, APG contracted 2,400 MW of capacity for a strategic grid 
reserve for the summer of 2017, as water flow rates are lower in the summer months. The grid 
reserve consists of thermal power plants and was frequently used and completely exhausted at times 
(APG, 2017a). 

2.2.4 Summary figures 

Figure 2-3 Austrian reserve procurement 

 

Figure 2-4  Example Austrian balancing and redispatch activity 
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2.3 The Netherlands 

2.3.1 Summary of balancing and redispatch strategies 

The Netherlands’ balancing strategy relies on a combination of cost-optimised TSO activations and 
passive system balancing behaviour on the part of BRPs in response to the imbalance settlement 
regime. Both automatic and manual products are used. aFRR is activated from a bid ladder that 
includes both contracted reserves and other generators, which helps to ensure that the lowest cost 
options for managing an imbalance are selected. Passive balancing is supported by the unique 
provision of close to real-time single marginal imbalance price data for short imbalance settlement 
periods, thereby enabling BRPs to adjust their positions in real-time to support the system balance. 

Congestion management is achieved through the redispatch of plants, with plants providing offers 
to reschedule their production day-ahead that are subsequently accepted in merit order by the TSO 
when it seeks to resolve congestion (see 2.3.3). Market trades are prevented from re-creating 
congestion problems, for example during intraday trade, through the use of market restrictions issued 
by the TSO that prevent BRPs from undertaking trades that would create congestion on the specified 
sections of the transmission network. 

Interaction between the balancing and redispatch strategies 

The TSO’s congestion management strategy is generally developed ahead of and independently of 
any view of system imbalance. Congestion management is achieved through the redispatch of 
dispatchable generation, with the right to redispatch procured through standardised daily auctions 
for area-specific reserves (called Reserve for Other Purposes, or “Reserve Overige Doeleinden”). 
Redispatch decisions do not influence the direct activation of balancing energy, which is again done 
automatically based on merit order. However, generation assets could reassess or remove their 
other offers of balancing energy if they are alternatively committed to providing reserves for 
redispatching. In this way, although the process is unchanged, the market outcome of the balancing 
process might be different. 

In addition, the imbalance pricing regime, which is used to promote passive balancing, is designed 
to automatically switch to a dual price system, and thereby remove any incentives for passive 
balancing, in the event that the TSO is simultaneously activating upward and downward regulation. 
Since the simultaneous activation of upward and downward regulation is only likely to occur as part 
of a strategy of congestion management, this automatic change in the imbalance pricing regime can 
be seen as a way to ensure that the passive balancing element of the balancing strategy is 
operational only when the TSO is not wrestling with internal congestion constraints. 

2.3.2 Balancing 

Products 

FCR 

FCR provides immediate frequency restoration and is activated automatically based on frequency 
measurements at the prequalified units. It has to be made available within 30 seconds and can be 
active for up to 15 minutes. 

For the Netherlands, TenneT procures 70% of the required FCR capacity as part of a pooled auction 
covering Austria, Belgium, Germany, France and Switzerland. The remaining 30% is procured in a 
separate auction for Dutch providers. FCR tenders take place once a week and require the provision 
of capacity for week-long blocks for a symmetric product. The auction clears based on the merit 
order of capacity prices. Participating units have to be prequalified by their respective TSO and 
require a minimum capacity of 1 MW. FCR providers are compensated for the provision of capacity 
on a pay-as-bid basis. There is no additional remuneration for activation. 

http://www.thema.no/
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aFRR 

In the Netherlands the aFRR product has to be fully activated within 15 minutes. 

Capacity is secured as a symmetrical product via a monthly tender. Units remunerated through a 
capacity price (pay-as-bid) and an activation payment (pay-as-clear). The minimum bid size is 4 MW 
(Lampropoulosa et al., 2018). Contracted capacity is required to submit offers for aFRR activation 
for every day of their commitment. These offers are bounded. For positive reserve energy, the 
upwards bound is the day ahead price plus €1,000. For negative reserve energy, the downwards 
bound is the day ahead price minus €1,000. There is an absolute minimum of minus 999 €/MWh. If 
contracted suppliers do not place an offer, a default offer of zero is used for upward regulation. For 
downward regulation, the default offer is the day-ahead price plus €35 (TenneT, 2018f). 

The Netherlands participates in the International Grid Cooperation (IGCC) project, an ENTSO-E 
project that enables imbalance netting among European TSOs. As such, before activation of aFRR, 
system imbalances are netted among the participating control zones. 

TenneT use a system of merit-order activation of aFRR. Critically, the “bid ladder” used in this 
process includes not only the offers from the contracted reserve discussed above, but also offers 
from non-contracted parties submitted by the relevant BRP. These non-contracted participants have 
to be able to comply with the required 7% ramp rate. There are also additional technical 
requirements, including the ability to be activated via a load frequency controller and the ability to 
respond in real time. All offers, contracted and non-contracted, have to be placed D-1 14:45 and can 
be revised up until 30 minutes before the start of an ISP (TenneT, 2018d). There is no discrimination 
in the activation process between contracted reserves and other units. All activated providers receive 
the marginal price, i.e. the price of the most expensive unit activated (Brunekreeft, 2015) and are 
activated in merit order. 

The resultant market for aFRR is highly competitive and liquidity, providing relatively low-cost 
flexibility (TenneT, 2017b). 

mFRR 

Two products for mFRR exist in the Netherlands: Directly activated mFRR (mFRRda), also known 
as the incident reserve, and schedule-activated mFRR (mFRRsa). 

For mFRRsa, generators can place bids for upwards or downwards regulation for each imbalance 
settlement period. These bids do not have to be symmetrical, i.e. the volume for upward and 
downward regulation do not have to be the same. Similar to aFRR, offers of mFRRsa for the next 
day must be received 14:45 and can be revised up until 30 minutes before the start of an ISP. 

There are no technical requirements other than the ability to be activated during the next ISP. Given 
the 15-minute imbalance settlement period, full-activation must take no more than 15 minutes. Bids 
are placed in merit order based on energy prices and activated accordingly. Remuneration is pay-
as-clear based on the marginal price (Lampropoulosa et al., 2018). 

Incident reserve capacity (mFRRda) is procured per quarter (50%) and per month (50%) and has a 
minimum bid size of 20 MW. Each unit can only supply one direction, although a single provider may 
pool multiple units. Bids are accepted based on the merit order of capacity prices. Providers of 
mFRRda are obligated, for the duration of the contract period, to be able to alter their net generation 
by the implied amount if and when activated by TenneT. mFRRda reserve energy has to be made 
available in under 15 minutes (under 10 minutes for downward reserve) and for at least 60 minutes 
after the call for activation. It is activated manually by telephone call (Lampropoulosa et al., 2018). 

Suppliers of mFRRda receive capacity and activation payments. Capacity is remunerated on a pay-
as-bid basis. Activated energy is measured in increments of five minutes and remunerated according 
to the actual quantity times a price. For upward regulation, the price is the marginal bid price for 
upwards FRR in the respective ISP price plus 10%, or, if this is higher, the EPEX day-ahead price 
+200€/MWh. For downward regulation, the price is the marginal bid price for downwards FRR -100 
€/MWh or, if this is lower, i.e. further in a negative direction, the EPEX price established for this hour 
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on the previous day, reduced by 250 €/MWh. The downwards price has to be negative, so that 
TenneT pays the supplier. In case a positive price occurs, no settlement is applied (TenneT, 2017a). 

Settlement 

BRPs in the Netherlands submit information to TenneT on both their forecast net injections / 
withdrawals (Energieprogramma) and on the transmission capacity that they expect to require (T-
prognose). Energieprogramma are submitted at 14:00 every day for the following day. Changes can 
be submitted up until 10:00 of the day they are valid for (TenneT, 2016). Closure on the intraday 
market is 5 minutes before delivery (EPEX Spot, 2018c) and BRPs can therefore fine-tune their 
portfolios by purchasing energy in the short term (Lampropoulosa et al., 2018). 

The imbalance price is determined as a single price for each settlement period provided that 
balancing energy is only activated in one direction. If the TSO undertakes both upward and 
downward regulation in the same settlement period, a dual price imbalance price system is used. 
The imbalance price reflects the marginal price of balancing energy, i.e. the energy price of the most 
expensive reserve unit activated8. A so-called incentive component can also be added to the 

imbalance settlement price by the TSO if they want to influence BRP behaviour. The incentive 
component is determined based on certain imbalance thresholds and is seldom applied (TenneT, 
2016). 

On average, the imbalance price is higher than the price on the wholesale markets (TenneT, 2017b) 
and therefore provides an incentive to stay balanced. 

The system design encourages BRPs to contribute ‘passively’ to real-time system balancing. Firstly, 
system imbalance data is published close to real-time so that BRPs can identify whether deviations 
from their load schedule are liable to counteract a system imbalance (thereby making a “passive 
contribution”). Secondly, the single marginal pricing system means that any balancing energy 
provided in this way is remunerated accordingly (Lampropoulosa et al., 2018). 

Where reserve energy is activated in both directions by the TSO, the switch to a dual price regime 
strips away any incentive to balance passively so as to prevent a situation in which BRPs further 
destabilise the system through their balancing efforts. Effectively, the dual price system provides 
BRPs with an incentive to stay close to their pre-announced schedules and leaves balancing in the 
hands of the TSO (TenneT, 2014). 

Strategy 

The Netherlands relies on a reactive balancing strategy supported by passive balancing on the part 
of BRPs and an aFRR process that allows energy-only offers. Imbalance netting is also employed 
to prevent the excessive activation of aFRR. Theoretically, the implementation of passive balancing 
should help share the burden of supplying balancing energy, allowing flexible BRPs to contribute to 
system balancing directly. The aFRR procurement and activation process ensures that aFRR need 
not be provided exclusively by contracted reserves, thereby keeping the market for aFRR activation 
competitive and ultimately lowering balancing costs. 

2.3.3 Congestion management 

Congestion is identified based on forecasts, supported by the provision of the T-prognose by BRPs. 
It is relieved ahead of real-time through redispatch. After the day-ahead market closes at 12:00 (D-
1) and load schedules are announced by the PV-Parties, TenneT starts to analyse the network’s 
security and solve congestion problems using redispatch. The redispatch process takes place 
between 15:00 and 21:00 (D-1). The intraday market opens at ca. 20:00 (D-1). System stability is 

                                                

8 The marginal price used only reflects the cost of balancing energy, not capacity remuneration. Not all of the 
costs for balancing are therefore recovered through imbalance settlement. The remainder is socialised via grid 
fees. 
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then monitored hourly in the intraday stage so that additional redispatch measures can be taken if 
needed (Glismann, 2018). 

Redispatch is achieved using a call for “reserve for other purposes” (Dutch: Reserve Overige 
Doeleinden) and is very similar to the process for mFRRsa described above. TenneT sets up a 
continuous single-sided auction in which suitable parties can submit offers for upwards and 
downwards regulation. The minimum bid size is 1 MW and there is a minimum activation period of 
60 minutes. The product has to be made available in under 45 minutes and can be called by TenneT 
at any time during the relevant period. Offers include a capacity price and an energy price, and 
remuneration is paid on a pay-as-bid basis (Glismann, 2018). TenneT activates the offers that are 
most economically efficient to relieve the congestion identified (TenneT, 2017). 

The acceptance of these bids takes place between 15:00 (D-1) and 3 ISPs before delivery. In the 
event that insufficient redispatch offers are made available, TenneT publishes a market notification 
with a request for additional bids from market parties in the restricted area. If this also fails to identify 
sufficient capacity, another request for bids is made, this time without a specified location (Essent 
NL, 2018). 

TenneT can also publish so-called market restriction messages as part of its congestion 
management activities. This location-specific message restricts market parties from deviating from 
their submitted transport prognosis in the specific direction(s) for a certain time. Market restrictions 
are often published in the intraday stage, a couple of hours before the indicated time.9 They prevent 

market parties from recreating congestion problems through intraday trade after they have been 
resolved through the redispatch process described above. 

2.3.4 Summary figures 

Figure 2-5 Dutch reserve procurement 

 

Figure 2-6 Example Dutch balancing and redispatch activity 

 

                                                

9 Examples can be found here: 
http://www.tennet.org/english/operational_management/Operationalreports.aspx 
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2.4 Great Britain 

2.4.1 Summary of balancing and redispatch strategies 

The British power system is not synchronised with the Continental European grid and therefore 
operates as a much smaller independent system, with correspondingly lower inertia. Great Britain 
forms a single electricity market bidding zone and, as such, energy prices do not reflect congestion 
within this zone. The resultant congestion issues must be resolved by the system operator, National 
Grid. 

National Grid orchestrates balancing and redispatch activity. It takes a proactive approach to 
activation to relieve imbalances. In advance of gate closure (T-1 hour), National grid procures 
reserves under a variety of contract types to ensure that it has sufficient options available to it in the 
hour before and up to real time to fulfil this role. Among other things, these contracts enable National 
Grid to start-up and synchronise plants ahead of gate closure (T-1 hour). 

After gate closure (T-1 hour), National Grid issues amendments to plants’ production schedules to 
relieve forecast congestion and imbalances. These amendments are made manually and seek to 
minimise the costs of solving both balancing and congestion issues. In general, providers are called 
on in merit order unless exceptional circumstances prevent this. The instructions to alter production 
are issued through the Balancing Mechanism (BM), in which offers are posted both by contracted 
reserves and, voluntarily, by other market participants. 

Passive system balancing on the part of BRPs is not incorporated into the system design, despite 
the recent introduction of sharp marginal imbalance pricing, which might theoretically support it. 

Interaction between the balancing and redispatch strategies 

National Grid conducts distinct analyses to forecast congestion and imbalance ahead of real-time 
but seeks to coordinate actions designed to relieve these issues so as to meet its operational 
obligations at least cost. 

Where a significant amount of generation capacity must be redispatched to avoid predictable 
congestion, this will typically be done ahead of gate closure (T-1 hour) through direct bilateral trading 
with individual generation units. Smaller adjustments to dispatch intended to relieve forecast 
problems, whether they relate to congestion or imbalance, will be issued after gate closure through 
the BM. At this point, both congestion and balancing issues are dealt with using the same mechanism 
and may be considered collectively. Stochastic transmission or imbalance problems will be dealt with 
in real time, also using the BM. Redispatching decisions will not generally influence balancing 
decisions, but where trade-offs do occur, the control team has the scope to resolve these in a way 
that it considers consistent with least-cost dispatch. For example, it could opt to relieve congestion 
in a slightly more costly way than required if, by doing so, it was able to keep open an option for 
lower-cost balancing later on, assuming it felt this would be least-cost overall. 

2.4.2 Balancing 

Products 

National Grid is currently in the process of rationalising the products it procures. This process is likely 
to result in products that more closely resemble those used on the Continent. National Grid is also 
attempting to move the procurement of reserves closer to real time as part of the process. The text 
below describes the most important products currently in use. 

FCR 

Frequency containment products (referred to a frequency response in Britain) include both the 
‘mandatory market’ for frequency response and the Firm Frequency Response product, among 
others. Large generators are required to offer frequency response, hence the mandatory nature of 
the market, but are paid for the service if called upon to provide it by National Grid. National Grid 
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calls on this market within day to manage its overall requirement for primary reserve. ‘Dynamic FFR’, 
which is equivalent to FCR in function, is tendered monthly and locks in 1-24 month provision. All of 
these products are remunerated on the basis of the time used and the energy provided. 

aFRR 

‘Static’ FFR effectively provides aFRR and is triggered automatically when the system frequency 
passes a threshold level. It too is acquired in monthly tenders and remunerated through a system of 
payments that account for the period of time that the reserve is held and any energy supplied. 

Manual products and the Balancing Mechanism 

Several manually-activated reserve products exist and are generally procured and activated with a 
view to minimise costs. The largest of these is Short Term Operating Reserve (STOR). A tendering 
process for STOR is run three times a year and locks in reserve for several months. Providers 
typically deliver energy from five minutes and beyond, depending on the provider, and STOR is used 
both to cover short-term losses of supply and localised network constraints. Providers are paid for 
being available for a certain time and are activated, like many of the reserve products, through the 
Balancing Mechanism (BM), described below. 

The Balancing Mechanism allows generators to post offers for adjustments to their production 
schedules. An example of an accepted offer is shown in Figure 2-7 under. Units post bid-offer pairs 
for output in different bands, as shown on the right. National Grid can then instruct a deviation from 
the unit’s production plan (its Final Physical Notification or FPN), by defining a specific new 
production plan (the trapezoid shown). The unit is paid based on the energy provided (the area of 
the trapezoid) at the rate defined by the respective bands. STOR providers are obligated to offer into 
the BM at prices that are limited by the terms of their agreement. Other reserve products work in a 
similar way. Generators that are not on reserve contracts can also offer into the BM. 

Figure 2-7 An accepted Balancing Mechanism offer 

 

Source: (Elexon, 2018) 

It is also worth mentioning the BM start up product. These are contracts with BM participants that 
allow National Grid to start the unit up so that it can offer into the BM. Essentially, this enables 
National Grid to start up units that would otherwise be shutdown. Once started, these units can be 
activated through the BM. Units are not paid for making up part of a traditional reserve but are paid 
directly to start up and remain ready to synchronise. (National Grid ESO, 2018a) (National Grid, 
2017b) (National Grid, 2017a) 

National Grid also negotiates ad hoc contracts to manage congestion issues where it deems this to 
be cost effective. These typically impose a cap and collar on output from a power station. (National 
Grid ESO, 2018b) 
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Settlement 

Britain has half-hourly settlement periods. It moved from a dual imbalance price system to a single 
marginal price system in 2015, based on the average price of the most expensive 50 MW of 
balancing actions taken by the System Operator in the relevant settlement period. From November 
2018, this price was sharpened to be based on the most expensive 1 MW. The cost of acquiring 
reserves is included in the imputed cost of the SO’s actions. (Elexon, 2018) The British imbalance 
price therefore provides a fairly accurate signal of the marginal cost to the System Operator of 
balancing the system. 

Strategy 

National Grid publishes a day-ahead demand forecast at 9:00. After Physical Notification data is 
provided at 11:00, National Grid conducts a range of security analyses and determines whether 
generation capacity is likely to be able to meet both forecast demand and its operational reserve 
requirements. If not, it may order plants to start-up so that it has a safe operating margin. 

After gate closure, National Grid issues instruction through the BM as described above on a minute-
by-minute basis to try and balance the system. The dispatch of balancing energy is done on an 
economic basis and considers the technical constraints facing the system (National Grid, 2018). 

Although the imbalance pricing signal would be appropriate for encouraging passive balancing by 
BRPs, the overall system is not designed to encourage this. Critically, real-time data on the system 
imbalance and the expected imbalance price is not readily available. Consequently, BRPs would find 
it hard to contribute with any real certainty as to the financial implications. The half hour settlement 
period is also long relative to other markers that feature passive balancing, making it hard to direct 
the market with sufficient precision. 

2.4.3 Congestion management 

Detailed planning of congestion boundaries begins about nine weeks ahead and may be used to 
revise planned outages. At 11:00 day-ahead, BM units and generators are obliged to provide 
National Grid with their best estimate of expected power output (i.e. Physical Notifications or PNs) 
for each Settlement Period of the following Operational Day. From this point onwards, they must 
constantly update National Grid of any changes to their plans. The Physical Notifications become 
firm at gate closure, one hour ahead of real time. 

When the initial PNs are provided, National Grid can assess its likely ability to manage the constraints 
using the reserves available to it. Ahead of gate closure, National Grid will undertake periodic 
security analyses and synchronise or de-synchronise plants as needed to ensure that it has the 
resources required after gate closure. This will be done using the BM start up service or, 
exceptionally, through so-called Pre-Gate Closure BMU Transactions. Under the latter, National Grid 
essentially calls around and solicits offers from units that may be able to provide the sought-after 
response. 

Significant congestions are often relieved ahead of gate closure through generation-unit-specific 
energy trades undertaken by National Grid’s traders rather than the control desk. These trades do 
not involve modelled profiles of output, but rather settlement period blocks of energy, just like the 
energy market. Prices for such trades are negotiated bilaterally by the traders involved. The nature 
of these trades prevents the unit from running of its own accord. 

After gate closure, National Grid will issue redispatch instructions through the BM to relieve any 
forecast congestion. 
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2.4.4 Summary figures 

Figure 2-8 British reserve procurement 

 

Figure 2-9 Example British balancing and redispatch activity 

 

2.5 France 

2.5.1 Summary of balancing and redispatch strategies 

France operates as a single bidding zone, which implies that the energy market does not account 
for internal congestion within France. 

The system operator, RTE, plans congestion management and balancing activations separately and 
in advance. In both cases, these plans are intended to identify a proactive cost-minimising response. 
In general, RTE will wait as late as possible to issue the instructions needed to realise these plans 
and until after effective gate closure, which occurs one hour ahead of real time. However, it will issue 
start-up instructions in advance of this where necessary. 

Actions to relieve congestion and to resolve forecast imbalances are achieved through detailed 
redispatch instructions issued through the balancing mechanism. 

Interaction between the balancing and redispatch strategies 

Proactive balancing and congestion management are both implemented using the same set of offers 
provided through the Balancing Mechanism. In practice however, the congestion management and 
balancing strategies are developed independently, with forecast congestions resolved first and then 
balancing dealt with based on the updated system status. The reason for this is that the potential 
benefits of a co-optimised response are thought to be small. Specifically, congestion management 
usually allows the SO relatively little freedom of action and therefore clearly indicates a specific set 
of actions to relieve congestion at least cost. It is therefore reasonable to identify these actions first 
and then consider the other elements of the operational strategy in light of the selected congestion 
management strategy. As both congestion management and proactive balancing use the same tool, 
namely the Balancing Mechanism, congestion management choices will directly affect the balancing 
options available. However, this impact may not be very significant in practice, since the different 
needs of congestion management and balancing will often mean that they are looking for different 
assets to respond in any case. 
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2.5.2 Balancing 

Products 

Balancing energy is made available through a combination of FCR, aFRR) and mFRR. Figure 2-10 
summarises for each of the various products the total capacity procured, the direction of regulation 
supported, the permitted response period, the product’s providers and the procurement mechanism 
used. 

Regarding procurement, RTE operates a system of dynamic margin management in which system 
security margins are constantly monitored and adapted within-day (Elia, 2017a). These adjustments 
to the effective margin may be made through the balancing mechanism, which therefore is not just 
a means of obtaining regulating energy, but essentially an alternative method of making available 
reserve capacity. 

Figure 2-10 Summary of reserves  

 

Source: THEMA Consulting adopted from (Commission de Régulation de l’Énergie, 2018) . 

FCR 

France participates in the coupled market for FCR together with Austria, Belgium, the Netherlands, 
Germany and Switzerland. FCR tenders take place once a week and require the provision of capacity 
for week-long blocks. FCR is acquired based on the merit order of capacity prices. Participating units 
have to be prequalified by their respective TSO and require a minimum capacity of 1 MW. FCR is 
tendered as a symmetrical product, such that units have to be able to provide negative and positive 
balancing energy. FCR provides immediate frequency restoration and is activated automatically 
based on frequency measurements at the prequalified units. It has to be made available within 30 
seconds and can be active for up to 15 minutes. FCR providers are compensated for the provision 
of capacity on a pay-as-bid basis. There is no additional remuneration for the activation of FCR. 
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aFRR 

aFRR is provided via a regulatory obligation placed on generators. Specifically, according to L. 342-
5, RTE can mandate generators to provide a given amount of aFRR, the so-called “prescription” 
(Commission de Régulation de l'Énergie, 2015). RTE distributes this obligation proportionally among 
generators the day before delivery. 

The obligated parties may then exchange their prescriptions and / or procure the required services 
through over-the-counter (OTC) trading from those who are qualified but not obliged to provide 
capacity. For instance, consumption units connected to the transmission network are not obliged to 
participate but may still provide ancillary services to mandatory participants through OTC trading 
(Commission de Régulation de l'Énergie, 2016). 

To prevent opposing activations of secondary reserves, France and several European TSOs 
cooperate in imbalance netting. This imbalance netting is done under the framework of the 
International Grid Control Cooperation (IGCC) project 

France activates all aFRR pro rata with remuneration based on regulated prices (Elia, 2017b)). 
However, France is planning to implement merit order activation of aFRR in the future using standard 
bids, consistent with the European Guideline on Electricity Balancing. This capacity will be traded 
through the Picasso platform. 

mFRR and RR and the balancing mechanism 

The activation of mFRR and RR is performed manually by RTE through the balancing mechanism. 
In addition to their use relieving and supplementing aFRR, these manual products are used to 
conduct proactive congestion management, margin management and balancing consistent with 
RTE’s operational planning. 

According to the provisions of Article L. 321-13 of the French Energy Code, all producers connected 
to the transmission network are obliged to offer any available capacity they have, after meeting their 
generation commitments, to RTE through the balancing mechanism. Offering into the balancing 
mechanism is therefore mandatory for these generators, although they are free to decide the price. 
Participation in the balancing mechanism is voluntary for French consumers and foreign players 
however. 

For generators, these offers are implicit. RTE knows the technical limits of the plant and the planned 
production schedule and therefore assumes it can use any technically feasible production capacity. 
The plant itself only specifies a EUR/MWh price, which is taken as the offer price for any change in 
the plant’s scheduled output. Pay-as-bid pricing is used to remunerate any accepted offers. 

RTE also procures mFRR through an explicit annual tendering process. This contracted reserve is 
dimensioned to cover the loss of the largest generating unit, currently around 1.5 GW. Providers of 
this reserve are obliged to submit bids into the balancing mechanism at a fixed price agreed in their 
reserve contract. RTE procures 1000 MW of fast reserves, which must be able to respond in 13 
minutes and for two hours, and 500 MW of complementary reserves that must be able to respond 
within 30 minutes and can be activated for 1.5 hours. The contracted balancing providers receive an 
annual bonus based on the offered volume and the activation time (RTE, 2018a). 

In terms of energy, RTE uses 2-3 times as much manual reserves (mFRR and RR) as automatic 
reserves (aFRR) (Commission de Régulation de l'Énergie, 2017), consistent with its proactive 
balancing strategy. 

Demand participation 

Industrial consumers have been able to participate in the balancing mechanism since it was created 
in 2003, and aggregated demand response resources have been able to participate since 2007. In 
terms of procurement of reserves, RTE has been allowed to contract for mFRR and RR with demand-
response operators since 2008. Since 2012, there has been an annual call for tender targeted at 
demand-response resources.  
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Settlement 

The imbalance settlement price is based on the weighted average price of balancing energy from 
reserves with manual activation and is designed to share out the accounting cost of manual 
activations. Specifically, the price charged is based on the direction of the BRP’s imbalance (positive 
or negative), the predominate direction of balancing regulation (upward or downward) and the sign 
of the volume-weighted average price (positive or negative). The tables below show the formulas 
used to calculate the imbalance settlement price. 

Table 2-1 The imbalance price if the Volume-Weighted Average Price (VWAP) is positive 
or zero: 

 Upward balancing Downward balancing 

Positive imbalance (for BRP)  VWAPU * (1-k) VWAPD * (1-k) 

Negative imbalance (for BRP)  VWAPU * (1+k) VWAPD* (1+k) 

Source: (RTE, 2018c) 

Table 2-2 The imbalance price if the Volume-Weighted Average Price (VWAP) is negative: 

 Upward balancing Downward balancing 

Positive imbalance (for BRP)  VWAPU * (1-k) VWAPD * (1-k) 

Negative imbalance (for BRP)  VWAPU * (1+k) VWAPD* (1+k) 

Source: (RTE, 2018c).  

Put simply, imbalances are cashed out at the average cost of imbalance energy with an adjustment 
factor, “k”, that is inserted to make sure that the revenues from the settlement process equal RTE’s 
costs. The “k” factor is a parameter that is defined ex-ante based on historical data. Its presence 
stops France from having a true single price system, although helpful imbalances are still potentially 
rewarded by the market design. 

The imbalance settlement period (ISP) in France is 30 minutes. 

Strategy 

RTE manages balancing in a centralised, proactive and integrated way. Day-ahead planning relies 
on predictive analyses, based on data collected from market players, to develop a plan for operations 
the following day. Balancing-responsible generators are required to provide RTE with their expected 
generation schedules at 12:30, 15:00 and 16:30 D-1, which helps to inform progressively more 
accurate day-ahead planning by RTE on how to relieve congestion and manage margins within the 
operating day. The provisional information provided to RTE represents the producers’ best estimate 
at the time and is not legally binding. 

The initial submission by producers, at 12:30, follows closure of the day-ahead market, but is not 
especially accurate. It is used primarily to allow RTE to forecast its ancillary services requirements. 
The second submission, at 15:00, informs grid analysis and the development of a redispatch plan to 
relieve network congestion. The final submission, at 16:30, allows a more complete picture to have 
formed and is used to update initial plans. 

For wind and solar power, RTE makes the day-ahead forecast itself and publishes its own generation 
forecast between 18:00 and 20:00 on the day before delivery. Its wind power generation forecasts 
are based on actual wind generation in recent hours, wind scenarios by Meteo French and the 
technical specifications and the location of the connected wind farms. The published data 
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distinguishes between programmable generation units, for which the programming responsible entity 
provides a running program, and intermittent generation units, for which the generation is estimated 
by RTE. The running program for programmable generation units can later be adjusted during the 
day of delivery either at the producer’s own initiative or at the request of RTE. 

The operational plan that is developed reflects the culmination of a congestion management 
strategy, a margin strategy and a balancing strategy, each designed to fulfil the applicable system 
requirements. 

RTE will generally wait until after gate closure to issue dispatch instructions needed to implement its 
plan. Waiting to issue the activation instructions implied the operational plan allows RTE to get as 
much information on system conditions as possible. With regards to the margin strategy, RTE will 
observe how its likely reserve margin is affected by changing market conditions, and the flexibility 
that is being provided as part of the balancing mechanism. If it is concerned that these reserves will 
be insufficient to enable it to effectively manage and secure the system during an operational hour, 
it will take steps ahead of time to boost margins. For example, where plants need to be started up 
ahead of gate closure in order to carry out the planned congestion management and / or margin 
strategy, instructions to these plants will be issued ahead of gate closure and the relevant plants 
compensated for the costs of start-up. 

Cross-zonal trading in the XBID intraday market continues up to 60 minutes before delivery (XBID, 
2018). This reflects the effective point of gate closure for the purposes of system operation. However, 
continuous intraday trading within France takes place up until 5 minutes before delivery (EPEX Spot, 
2018d). 

Balancing activations will occur from an hour ahead of real time, after effective gate closure. They 
are proactive, in that they involve issuing mRR instructions before the imbalance occurs and are 
implemented using the balancing mechanism. By activating balancing bids ahead of real time, based 
on analysis and forecast information provided by market participants, RTE can make use of 
comparatively slow and cheap reserves for balancing, alongside a smaller volume of more traditional 
fast-acting reserves. This stands in contrast to the approach in some other European countries, 
where the TSO only takes curative measures under its reactive balancing model. 

Overall, the selection of units to realise RTE’s strategy is based on a combined assessment of the 
plant’s technical capabilities and the economic efficiency of dispatch. 

2.5.3 Congestion management 

A congestion management strategy is developed as part of RTE’s operational planning process as 
described above. This will include plans to redispatch plants through the balancing mechanism as 
needed to resolve forecast congestion. These instructions will, in general, be issued as close to real-
time as is possible given the technical constraints facing the plants involved. If necessary, 
instructions to start-up a plant may be issued ahead of gate closure and the plant compensated for 
the costs involved. 

Actions are not formally co-optimised across the congestion management and margin strategies. 
Congestion management rarely allows much flexibility in the operational response and so there is 
thought to be little benefit of attempting to co-optimise the response. However, when congestion 
management actions affect the margin strategy, this will be accounted for. 

2.5.4 Summary figures 

Figure 2-11 French reserve procurement 
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Figure 2-12 Example French balancing and redispatch activity 

 

2.6 PJM 

2.6.1 Summary of balancing and redispatch strategies 

PJM’s market structure is significantly different from that of the other European markets considered 
in this paper. This influences both the challenges PJM faces and the tools it has available to ensure 
the safe operation of the system. 

Perhaps most obviously, the energy market in PJM is nodal and so is integrated with a model of the 
transmission network. The energy market solution takes direct account of transmission feasibility 
and the market-clearing solution will be free of any inherent congestion problems. As such, the need 
to develop an extensive congestion management strategy ahead of real-time and implement it 
distinct from the energy market simply isn’t present in PJM. 

Where PJM wishes to amend a plant’s production schedule to resolve an imbalance or congestion 
problem, it can do so directly through its role at the central dispatcher and these changes can be 
settled through the nodal energy market. 

Interaction between the balancing and redispatch strategies 

The automated assessment tools used to help identify least-cost actions consistent with meeting 
system security goals essentially provide a co-optimised response to dealing with imbalances and 
congestion issues. Both issues are addressed by altering the production schedules of dispatchable 
plants based on the prices offered into the real-time market. As both redispatch and balancing 
actions draw from the same set of offers, decisions on how to solve one constraint influence the 
resources left available to deal with the other, although it is not clear how significant this interaction 
is in practice. 

2.6.2 Balancing 

Products 

PJM has markets for energy, reserve and frequency regulation. 

There are two energy markets: the day-ahead market and the real-time market. The latter is used to 
procure balancing energy. Generators provide PJM with detailed information on their technical 
capabilities and can update their offers for the real-time energy market from 18:30 D-1 up until 65 
minutes prior to the start of the operating hour. In its role as central dispatcher, PJM can adjust these 
plants’ production schedules to adjust net injections or withdrawals at any node. The affected plants 
are then compensated consistent with the relevant Locational Marginal Price (LMP), which is 
effectively the clearing price at the relevant node and therefore reflects these plants’ offers into the 
real-time energy market. 

BRP schedules
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Operational DayDay Ahead

Forward planning
Redispatch and

proactive balancing

Gate closure

Start-up instructions
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PJM also distinguishes between and procures two types of ancillary services: reserves and 
regulation. Reserves provide standby capacity in the event of a loss of generation and are 
compensated for the capacity provided. Regulation enables continuous balancing of generation and 
load similar to FCR and aFRR. 

Reserves are procured initially in the form of ‘scheduling reserves’ at the day-ahead stage. However, 
the reserve requirement is assessed anew within-day, with final commitments made up to an hour 
before the operating hour. Scheduling reserves are only obligated to be able to provide energy within 
30 minutes if called upon. The within-day reserve products cover a ten-minute period and there are 
different categories of reserves based on the speed of response and the nature of the resource, e.g. 
synchronised vs. non-synchronised. 

Regulation resources respond automatically to one of two control signals. These signals are based 
on the real-time status of the network and although they can be changed manually, this is rarely 
done. All of the plants contracted to provide regulation alter their output in response to these signals 
(there is no cost-optimisation of activation) and must be able to respond within five minutes. The 
remuneration of these resources is based on measured performance based on a range of criteria. 
So, for example, fast responding units are paid more than slow responding units. Regulation 
commitments are made 30 minutes before the operating hour. 

Settlement 

Parties that are in imbalance over an hourly settlement period, as measured relative to the day-
ahead energy market clearing solution, must pay (or be paid) for the imbalance energy used 
(supplied) based on the average real-time LMP for the relevant period. 

The real-time LMP is calculated by the Locational Pricing Calculator (LPC). Every five minutes the 
LPC calculates the locational marginal price for the real-time energy market and the clearing prices 
for both the reserve and regulation markets. The prices are set as the cost to serve the marginal MW 
of demand for each product, considering the impact on all others. For example, LMPs are calculated 
that reflect the cost to serve the next MW of energy demand in each location while also considering 
the impact of that additional MW of energy on reserve requirements. The method used is consistent 
with the joint optimisation of dispatch. 

PJM is set up as a central dispatch system and generators do not independently adjust production 
to react to the real-time price signal. Rather they follow the specific dispatch instructions issued by 
PJM, which itself determines a cost-optimised response. 

Strategy 

PJM effectively undertakes a series of exercises to identify the least-cost dispatch solution and 
updates dispatch instructions accordingly. Forecast imbalances will be corrected through changes 
to production schedules and compensated through the real-time energy market. Unexpected 
imbalances will be dealt with through regulation services and, where necessary, through 
amendments to production schedules as above. 

After 14:15 D-1, PJM estimates the least-cost dispatch solution based on its own demand forecasts, 
rather than market demand. From this point on, it continually reassesses the cost-optimal solution to 
meet energy demand and secure adequate reserve. It does this using a variety of cost-optimising 
system models. The tools used to optimise dispatch during the operational day are shown in Figure 
2-13. These models effectively trade off the procurement of energy from the real-time market with 
the possibility of using generating units to provide regulation or reserve capacity and thereby fulfil 
system security criteria. They are not choosing between real-time and regulation energy. 
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Figure 2-13 PJM Real-Time Market applications 

 

 Ancillary Services Optimizer (ASO) – The ASO jointly optimises energy, reserves and 
regulation, identifying an interval-based solution for a one-hour look-ahead period. It is 
principally used to commit all regulation resources and inflexible reserve resources for the 
next operating hour. 

 Intermediate Term Security Constrained Economic Dispatch (IT SCED) – IT SCED 
provides an interval-based solution over a one- to two-hour look-ahead window. Among 
other things it calculates the energy dispatch trajectory for use in real-time dispatch, 
provides recommendations for energy and reserve resource commitments and provides 
commitment decisions for price-sensitive demand. 

 Real-Time Security Constrained Economic Dispatch (RT SCED) – RT SCED is responsible 
for dispatching resources to maintain energy balance and dispatching reserves in the near-
term. It jointly optimises across the real-time energy market, and regulation and reserves, 
subject to system needs. It produces dispatch instructions and reserve commitments that 
are sent to resource owners in real-time. It looks at forecast conditions ten minutes into the 
future. The dispatch solution is executed automatically every five minutes or when executed 
by the operator. Each solution contains, among other things, individual resource dispatch 
rates, desired MW outputs and reserve commitments. 

2.6.3 Congestion management 

Congestion management is performed to a large extent as part of the nodal day-ahead market 
solution. Bidding for the day-ahead market closes at 10:30 D-1. At this point, PJM calculates the 
clearing solution, namely the least-cost method of meeting energy demand (as defined by bids for 
energy from Load Serving Entities) and PJM’s requirements for scheduling reserve subject to the 
technical limits of the plants and the transmission system. PJM then reports back the implied 
schedules and nodal prices (Locational Marginal Prices or LMPs) by 13:30. Again, this solution will 
already be technically feasible, such that there is no immediate need for redispatch. 
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Figure 2-14 PJM timeline of daily operations 

 

Source: (PJM, 2018) 

If congestion issues subsequently materialise they will be accounted for by the cost-optimisation 
tools described previously and as part of the same process. Where necessary, plants will be 
redispatched to relieve the relevant congestion and these changes will be settled using the relevant 
LMP. 

2.6.4 Summary figures 

Figure 2-15 PJM reserve procurement 
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Figure 2-16 Example PJM balancing and redispatch activity 

 

2.7 Italy 

2.7.1 Summary of balancing and redispatch strategies 

Italy is a central dispatch system in which the TSO determines the commitment and output of the 
majority of generation. It operates a multizonal energy market to help reduce the severity of 
congestion issues. 

As part of this model, Terna, the TSO, is responsible for identifying an efficient operational schedule 
and for issuing dispatch instructions in real-time based on a consideration of the resources available 
and the needs of the system (ECCO International, 2017). It fulfils this responsibility through use of a 
single optimisation that eliminates forecast imbalances, ensures sufficient system margins and 
redispatches generation units to alleviate congestion (Oggioni & Lanfranconi, 2015). It does not 
procure reserves in the traditional manner. Instead, generators are obliged through regulation to post 
offers for redispatch, or equivalently, for balancing energy. 

Interaction between the balancing and redispatch strategies 

Margin management, congestion management and the procurement of balancing energy are all 
conducted as part of the same cost-optimisation process that draws on the offers entered into the 
Dispatching Services Market. Both congestion and forecast imbalances are resolved through the 
redispatching of dispatchable plant based on the offers for energy posted in the Dispatching Services 
Market. As such, decisions on how to solve one constraint influence the resources left available to 
deal with the other. The co-optimisation of the dispatch solution ensures that these interactions are 
fully accounted for. 

2.7.2 Balancing 

Products 

FCR 

The provision of FCR is mandatory for all transmission network-connected generation units greater 
than 10 MW, except geothermal and intermittent renewable plants. These units must make available 
a control band of at least ±1.5% (upward/downward) of their capacity, with the exception of units in 
Sardinia and Sicily (stand-alone mode), where the limit is ±10%. FCR energy is remunerated with a 
regulated price following a successful application on the part of the BSP. FCR is automatically 
activated according to the frequency deviation metered at the connection point of the qualified units 
(>10 MVA) (Oggioni & Lanfranconi, 2015).The activation time is 15 to 30 seconds with a duration of 
15 minutes. 

Operational DayDay Ahead
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aFRR 

Each BSP, after a voluntary qualified assessment, is obligated to offer aFRR through the Dispatching 
Services Market (MSD). The activation time is within 200 seconds (100 seconds in Sardinia and the 
stand-alone mode of Sicily), with a duration of two hours. Hydropower plants offering aFRR must 
provide reserve margins equal to ±15% of their maximum power output. For thermal units wishing to 
offer aFRR, the reserve margins must be equal to the greater of ± 10 MW and ± 6% of their maximum 
power. Units offering aFRR must provide symmetric bids. 

aFRR is activated and controlled by a frequency regulation power system on a pro-quota basis and 
activation is therefore not based on a merit order. For those plants chosen to provide aFRR, only the 
activated energy is remunerated using pay-as-bid pricing.  

mFRR, RR and the Dispatching Services Market (MSD) 

Traditional reserve products for these services don’t exist. However, Terna can change generators’ 
production plans through the MSD market. Obligated generators must make their residual margins 
available to the TSO through this market. In general, only generation units with a capacity greater 
than 10 MW are obligated, and able, to provide dispatching services through the MSD. However, the 
energy regulator has now authorised the launch of pilot projects to evaluate the future participation 
of intermittent renewables and storage systems within the MSD (Argus, 2017).  

The MSD is used by Terna to procure resources for relieving intra-zonal congestion, to create 
margins and to balance the system in real-time. All offers in the MSD are priced in terms of energy 
and accepted offers are remunerated using the price offered by the relevant party (pay-as-bid). Terna 
acts as the central counterparty to the transactions in the MSD, accepting bids for different reserve 
and balancing services from market participants. 

There is a cap for upward offers of 3,000 €/MWh and a floor for both upward and downward offers 
of 0 €/MWh (i.e. negative bids are not allowed). This applies to both aFRR and manual rescheduling. 

The MSD is itself subdivided into two distinct market types. The MSD ex-ante is used to adjust 
schedules and procure services in advance of real-time. The MB or balancing market is used to 
issue real-time instructions. 

Settlement 

Italy has a complicated imbalance pricing system that varies based on the nature of the BRP and 
the size of the imbalance. The system is unit-based, in that imbalance is measured at the level of 
the individual unit, rather than at portfolio level. It distinguishes between two geographic zones. The 
first consists of Northern Italy and the second includes the rest of the peninsula, Sardinia and Sicily. 
System imbalance is assessed independently for each of these zones. 

Where a single price applies, this price is the weighted average price of the resources activated in 
the MB for balancing purposes in the relevant geographic zone. Under the dual pricing system, 
imbalances that oppose the system imbalance are priced using the relevant zonal price of power 
that was established in the day-ahead market (MGP). Imbalances that aggravate the system 
imbalance are priced using the marginal price of the resources activated in the MB for balancing 
purposes in the relevant geographic zone. 

Dual pricing is only applied to those units eligible to participate in the MSD. All other units only face 
the single price system. The use of dual pricing helps prevent a situation in which MSD-eligible plants 
might be incentivised to intentionally go into imbalance. It also discourages MSD units from departing 
from their schedules, and thereby ensures the execution of the dispatching instructions issued by 
Terna (Oggioni & Lanfranconi, 2015). 

Renewable generators face a mixed system based on a tolerance band expressed as a percentage 
share of the total amount of power injected or withdrawn. Any imbalances that lie within this band 
are assumed to be unintended and settled based on the single price rule. However, imbalances that 
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lie outside the band are assumed to be intentional and settled according to the dual price rule, which 
provides no incentive to speculate. 

The imbalance settlement period also differs between the units obligated to be a part of the MSD 
and other users. The obligated units are settled using a 15-minute settlement period. All other units 
are settled using hourly periods. 

Overall, the system is not designed to encourage passive balancing. 

Strategy 

The instructions issued by Terna begin after the day-ahead and intraday timeframes through the 
MSD, especially in the MSD ex-ante (Oggioni & Lanfranconi, 2015). 

In the unit commitment phase, the MSD ex-ante, Terna uses an Optimal Power Flow optimisation 
algorithm to determine which offers to accept in order to meet the operational requirements of the 
network at the lowest procurement cost. This exercise involves modelling the power system on a 
nodal basis and takes into account the complex offers provided through the MSD (which can include 
a combination of fixed, start-up and variable costs). As part of the optimisation, Terna takes the 
following technical constraints into account: 

 Balancing injections and withdrawals 

 Resolving network congestion 

 Satisfying reserve requirements 

 Other local constraints 

Procurement is optimised against all these needs jointly and there is no meaningful means to 
separate actions by Terna into distinct congestion management and balancing actions, for example. 
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Figure 2-17 Timeline of the Italian Electricity Market 

 

Source: Oggioni & Lanfranconi, 2015 

The MSD ex-ante consists of six sessions. The first occurs on the day before delivery, with the 
remaining five take place during the day of delivery (ARERA, 2015). Successful bidding in the MSD 
ex-ante effectively creates reserves, for example by starting up plants and securing aFRR. The later 
sessions are then used to refine planned production ahead of real-time. 

In the MB (balancing market), Terna accepts bids and offers for energy from the reserves procured 
in MSD 1. The MB serves to balance energy injections and withdrawals and to provide secondary 
regulation in real time and is divided into six sub-sessions across the operational day. For the first 
session of the MB, the bids submitted by operators in the preceding ex-ante MSD session are used 
(Smartnet, 2016). Generators may update their bids and offers at subsequent MB sessions (AEIT, 
2014), but only if the revised bid/offer is more advantageous for Terna (i.e. Offer prices may only 
decrease while Bid prices may only increase) (LDK Consultants, 2013). 

2.7.3 Congestion management 

Congestion management is performed as part of Terna’s co-optimised approach to balancing 
described above. 

2.7.4 Summary figures 

Figure 2-18 Italian reserve procurement 
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Figure 2-19 Example Italian balancing and redispatch activity 

  

2.8 Comparison of approaches 

Table 2-3 under summarises at a glance some key features of the different systems. As 
demonstrated by both this and the system descriptions provided in the section above, there are a 
variety of ways to organise balancing and redispatch planning and activity across different systems. 

In the next chapter, we begin to look systematically at the major design decisions that define these 
strategies, but before doing so, it is worth noting some of the design patterns that emerge for the 
study of these seven systems. 

Broadly speaking, the systems covered fall into one of three groups, as detailed below. 

Reactive balancing systems 

Germany, Austria and the Netherlands all pursue somewhat similar approaches to balancing and 
redispatch. Specifically, forward planning by the TSO is largely confined to resolving transmission 
constraints, whereas energy balancing is left principally to the market, with an emphasis on accurate 
scheduling and balancing on the part of BRPs supported by late gate closure and short ISPs. This 
means that the TSOs’ role with regard to energy balancing is reactive, i.e. restricted to curing 
imbalances after they have occurred. This is largely achieved though the procurement of sufficient 
automatic reserves, and little to no pre-emptive action. 

Of the three, the Netherlands sticks out somewhat owing to the Dutch system’s support for passive 
balancing by BRPs, such that balancing is not achieved solely using reserves. 

TSO after energy market optimisation 

In contrast, Great Britain and France focus on enabling the SO to cost optimise the system, including 
through the pre-emptive management of potential balancing issues. Relative to the systems above, 
these systems have very early gate closure. The SOs use the detailed information they have on unit 
commitment, combined with precise market tools for adjusting plant schedules, to tweak plants’ 
decentralised production plans. This control enables the SO to try and co-optimise the response to 
projected balancing and congestion issues and enables a variety of product types to be traded off 
against each other in developing the feasible solution. Consequently, energy balancing is not a 
purely reactive affair and the SO is heavily involved in planning and orchestrating the system, despite 
its decentralised nature. 

In both cases, the energy market design takes no account of transmission restrictions within the 
relevant country and, like the reactive system above, the SO shoulders all of the responsibility for 
resolving the resultant congestion issues. 

TSO optimisation using the energy market 

PJM and Italy have arguably an even more central role for the SO, since they are both central 
dispatch systems in which the SO issues all dispatch instructions. Unlike GB and France however, 
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they employ energy market designs that internalise some of the relevant network constraints into the 
energy market clearing process. In Italy’s case this is achieved through the use of multiple bidding 
zones. In PJM, the use of a fully nodal market effectively ensures that the market clearing solution 
is already feasible from a transmission perspective. Because of this, the redispatch role of the SO is 
at least partly dealt with directly by the market. 

In contrast to the reactive markets however, where the solution to energy balancing lies significantly 
with ensuing the accuracy of BRP schedules, Italy and PJM expect the SO to play a central role in 
forecasting imbalances and scheduling plants to resolve them. 
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Table 2-3 Comparison of key features 

 NETHERLANDS AUSTRIA GERMANY FRANCE GREAT 
BRITAIN 

ITALY PJM 

IMBALANCE 
PRICE 

Single marginal 
(dual when 
activation in both 
directions) 

Single average 
(starting Jan 
2019) 

Single average Single average 
(technically dual) 

Single marginal MSD participants: 
dual; renewables: 
mixed; others: 
single 

Single marginal 

TIMING INITIAL 
AND FINAL 
NOTIFICATIONS 
FROM BRPS 

Initial: 14:00 D-1 
Gate closure: 
T-5 minutes 

Initial: 14:30 D-1 
Gate closure: 
T-15 minutes 
(internal); T-45 
(external) 

Initial: 14:30 D-1 
Gate closure: 
T-5 within control 
zone; T-30m 
within Germany 

Initial: 12:30, 
15:00 and 16:30 
D-1 
Gate closure: 
Effectively T-60m 

Initial: 11:00 D-1 
Gate closure: 
T-1 hour 

Central dispatch. 
Day-ahead clears 
at 12:00 D-1. 
Periodic balancing 
auctions 

Central dispatch 
Day-ahead clears 
10:30 D-1. Offers 
adjusted up to T-
65 mins 

TIMING OF 
REDISPATCH 

Planning after DA 
market closure 
and BRP-
notifications. 
Redispatch is 
ordered between 
15:00 and 21:00 
D-1, followed by 
intraday 
monitoring 

Not known Week-ahead-
planning process 
determines need 
for slow units. 
Further measures 
after day-ahead 
market closure/ 
BRP-notifications 
and according to 
intraday needs 

TSO can activate 
bids up to several 
hours ahead of 
real-time to 
ensure sufficient 
time for start-up, 
but will generally 
wait as long as 
possible 

Planning starts 
after initial 
submissions and 
some start-ups 
ahead of gate 
closure, but 
activation occurs 
afterwards 

Initially planned 
with first session 
of MSD which 
closes 17:30 D-1, 
with results 
published 21:45 
D-1 

N/A, day-ahead 
solution is 
feasible. Minor 
redispatch is 
occurring 
continually up to 
real-time. 

SEQUENTIAL OR 
CO-OPTIMISED 

Redispatch then 
balancing 

Redispatch then 
balancing 

Redispatch then 
balancing 

Redispatch then 
balancing 

Largely redispatch 
then balancing 

Co-optimised Co-optimised 

SELECTION OF 
REDISPATCH 
UNITS 

Selection of 
economically 
efficient offer(s) 

Not known Based on system 
stability criteria, 
unit-specific costs 
are known to 
TSOs 

Cost-optimised 
within balancing 
mechanism 

Cost-optimised 
manually across 
multiple products 

Co-optimised cost 
minimisation 
alongside energy 
balancing and 
other system 
needs 

Cost-optimised 
across Real-Time 
Market 

COMPENSATION 
FOR 
REDISPATCH 

Pay-as-bid 
(capacity and 
energy price) 

Not known Regulatory 
compensation 
designed to leave 
plants indifferent 
(Mandatory 
redispatch for 
units >10 MW) 

Pay-as-bid. 
Balancing 
mechanism is 
settled based on 
EUR/MWh 
payments. 

According to 
product. Merit 
activation in BM 
paid per MWh. 
Reserves will also 
be paid per MW/h. 

Pay-as-bid based 
on energy 

Units are paid for 
energy based on 
Real-Time 
Locational 
Marginal Price 
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3 DEFINING DIFFERENT STRATEGIES 

In this chapter we seek to identify the features that define alternative strategies to balancing and 
redispatch under different market designs. We set out four decisions that significantly define the 
overall balancing and dispatch strategy and form the basis of our assessment in chapter 4. 

3.1 Defining the balancing and redispatch strategy 

As noted in section 1.1, all SOs face the same fundamental challenges. However, looking across 
multiple systems, it’s clear that the ways in which system and market designs respond to these 
challenges differ. There are, as a matter of fact, innumerable features that differ across the markets 
examined in chapter 2. To provide some useful insight into these differences therefore, it is 
necessary to identify the most important strategic choices that significantly define alternative 
strategies and in turn guide the selection of detailed market design parameters. The following four 
choices are considered important indicators of a system’s approach to balancing and redispatch.: 

1. The extent to which the market solution for the SO’s area accounts directly for transmission 
and security constraints 

2. The extent to which there is decentralised real-time system balancing by BRPs (passive 
balancing) 

3. The extent to which the SO undertakes proactive activation to meet forecast imbalances 

4. The extent to which the SO dynamically manages reserves based on detailed system 
scheduling information 

3.1.1 Accounting for transmission and security constraints in the market solution 

As noted above, the scheduling process in every market begins with a market clearing process. The 
extent to which this market clearing process accounts for the technical constraints facing the network 
varies significantly by system. Figure 3-1 under shows these different approaches on a spectrum 
ranging from those systems where these constraints are represented in detail as part of the market 
clearing process, on the left, to those in which they are completely absent, on the right. 

Figure 3-1 Options to account for transmission and security constraints in the market 
solution 

 

Nodal markets, like PJM, involve the most complete representation of transmission and security 
constraints as part of the market clearing process, with each node of the transmission network 
effectively cleared as an individual market, albeit with capacity to transfer power between them. In a 
nodal market, the market solution is feasible without the need for redispatch. Contrast this with the 
experience of congested markets with a single bidding zone, such as Germany, in which the market 
solution takes no account whatsoever of network congestion within the SO’s network. 

In between these two extremes are markets in which the network constraints facing the SO are partly 
represented. The most obvious example of this is the use of multiple bidding zones within the SO’s 
network to reflect significant network bottlenecks. The use of market restrictions in the Netherlands, 
described in section 2.3.3, shows an alternative mechanism by which the market solution can be 
made to partly reflect network constraints. 

 Nodal 

Directly Not at all 

 Single zone  Multizonal market 

 BRP transmission 
planning w/ market 
restrictions 
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Needless to say, the more the market solution accounts for network and security constraints, the 
less the SO should need to modify the market solution to ensure technical feasibility. This has 
important implications for the need to redispatch plant and is revisited in the assessment of 
approaches in the next chapter. 

3.1.2 Passive balancing 

Ultimately the SO is always responsible for ensuring system balance in real-time. However, in 
fulfilling this responsibility, it may opt to harness decentralised actions by BRPs responding to the 
imbalance settlement price, so-called passive balancing. Under this approach, the imbalance 
charging regime provides BRPs with a real-time incentive to deviate from their production schedules 
so as to support the overall system balance. Since this incentive is provided directly by the imbalance 
charging regime, and not through direct contracting with the SO, such balancing is ‘passive’ and not 
under the direct control of the SO. 

It should be noted that this lack of control makes passive balancing potentially problematic when 
applied to areas with internal congestion, since decentralised actions in support of overall energy 
balance have the potential to exacerbate congestion problems. We consider this, and the potential 
application of passive balancing in the Nordic context, in more detail in section 5.4. For now, it is 
sufficient to note that the imbalance charging regime can be designed, like that in the Netherlands, 
so as to remove the incentives to balance passively in areas and at times when this might create 
problems. 

Figure 3-2 Passive balancing vs Exclusive SO control 

Note: System characteristics shown in brackets are indicative of the relevant  approach, rather than absolute 

requirements. One might see a system using exclusive SO control with a short Imbalance Settlement Period, for 

example. 

Figure 3-2 shows some of the market design features that are required for the use of passive 
balancing and contrasts this approach with that of exclusive TSO control. Perhaps most obvious of 
all, passive balancing relies on the provision of real-time information, for example a real-time 
estimate of the relevant imbalance settlement price, so that BRPs have some basis on which to 
determine whether it makes sense to deviate from their planned production schedule. 

A system design that harnesses passive balancing ought also to employ single marginal imbalance 
pricing, at least at times when a passive response is being encouraged, so as to ensure the efficiency 
of this response. Put simply, the value to the system of increasing a BRP’s output by 1 MW or 
decreasing a BRP’s consumption by 1 MW at the same node will be the same regardless of whether 
the BRP is net long or short relative to its scheduled position – single pricing accurately reflects this. 
By extension, dual pricing implies that some parties are being offered more or less than the true 
value of their contribution. Marginal pricing is also required for efficiency – if BRPs can supply power 
to the SO at lower cost than the SO is already paying, they should do so and help to displace the 
higher cost providers. Only marginal pricing gives BRPs an incentive to supply whenever they can 
undercut existing providers. 

Finally, systems employing passive balancing will want short Imbalance Settlement Periods (ISPs), 
because this is necessary for the incentives provided by the settlement process to be useful in a 
balancing timeframe. If, for example, imbalance settlement was conducted on the basis of an hour, 

 Real-time information 

 Single marginal 
imbalance pricing 

 Short ISP 

Passive balancing Exclusive SO control 

 (Dual imbalance price) 

 (Long ISP) 

 (Limited real-time info) 

 (Obligatory provision 
of residual reserves) 
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the system imbalance might change several times across the settlement period, preventing the 
imbalance price from coordinating a helpful market response. For example, a high imbalance price, 
that encouraged additional generation to meet a supply shortfall at the start of the period, might 
actually worsen the system imbalance later in the period, when the system becomes oversupplied. 
A short ISP helps ensure that the system balance doesn’t change within the period and enables 
imbalance settlement to be used to support system balancing. 

In general, real-time signals, single marginal imbalance pricing and a short ISP all have to be in 
place to make effective use of passive balancing. The Netherlands is the only market of which we 
are aware that combines these features to actively make use of passive balancing. Other systems 
rely on exclusive SO control of real-time balancing. In some of these systems, this approach will be 
combined with an obligation to provide the SO with any residual flexibility that a plant has available, 
for example as a result of being synchronised and partly loaded. In these cases, passive balancing, 
at least on the part of generators, is problematic, since it will not be immediately obvious who has 
control over the plant’s residual capacity and under what mechanism it should be called. For 
example, a partly loaded plant will have the option of providing upward regulation and the SO may 
be counting on this as part of its margin strategy. However, if a system of passive balancing exists, 
the generator may opt to increase its generation and thereby erode the SO’s margin in a way that 
isn’t immediately obvious to the SO. In a worst case scenario, the SO may later call on this imagined 
capacity only to find that the generator has already increased its generation in response to a passive 
signal. 

3.1.3 Proactive activation to meet forecast imbalances 

All SOs combine some degree of proactive system management with some amount of reactive 
response, so it is important to specify more exactly what we mean by a strategy of proactive 
activation. Importantly, a proactive activation strategy is not defined by the planning of congestion 
management activity ahead of real-time based on the forecast system state. As far as we are aware, 
such congestion management planning is always undertaken ahead of real-time by all SOs, given 
the significant challenges involved in trying to manage congestion exclusively in real time. 
Consequently, this is not a differentiating factor among SO strategies. What does differ is the extent 
to which SOs proactively plan and manage balancing activity. 

Such planning relies on the fact that energy imbalances are not purely random. Some imbalances 
can be predicted. The most obvious examples are those that occur at the boundaries of scheduling 
periods, where discrete changes in production volumes fail to align with more gradual shifts in 
demand. There may be other examples, for example systematic biases in decentralised scheduling 
due to asymmetric imbalance costs, spikes in demand during breaks in major TV broadcasts, or 
forecastable changes in generation due to changes in weather conditions after gate closure. 
Proactive activation exploits the predictability of imbalances to allow for lower cost balancing and, 
potentially, for the synergistic planning of both congestion management and balancing activity. 

Figure 3-3 Reactive vs Proactive activation 

Note: System characteristics shown in brackets are indicative of the relevant approach, rather than absolute 

requirements. 
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Figure 3-3 contrasts reactive and proactive approaches to the activation of balancing resources. In 
reality, there are varying degrees of SO proactivity and this choice should really be seen as a 
spectrum. A fully reactive strategy may be marked by the absence of the sorts balancing products 
needed for the SO to implement a proactive plan, namely products that can be used to respond to 
forecast but not actual imbalances. Proactive systems by contrast will typically have access to 
detailed schedule editing products that provide the SO with considerable direct discretionary control. 
The range of products used may be complex so as to allow the SO to get the most that is technically 
possible from the units, with the SO seeking to cost-optimise among the various balancing resources 
available. 

Proactive management may require, and will typically be combined with, early gate closure, so as to 
provide the SO with the time and control necessary to complete the planning and optimisation of its 
balancing strategy unimpeded by late market movements. 

3.1.4 Dynamic reserve management 

SOs need to be able to call on generators to adjust their production to support system management. 
In general, they secure reserve contracts with generators that secure the availability of (generation) 
assets for this purpose and give them the ability to exert the necessary degree of control. For 
example, they may secure aFRR reserves to ensure a buffer of automatic response in the event of 
frequency disturbances and mRR to allow them to redispatch plants in response to transmission 
constraints or plant failures. 

The actual strategy used to secure reserves differs by systems. Broadly we can contrast two 
approaches. A static approach involves identifying the needs of the system in general, probably 
based on a combination of historic needs and forecast system developments in future, and procures 
the implied reserve requirement through long-term contracts (e.g. lasting months). The quantity of 
reserves procured for any day doesn’t reflect the specific operational plan for that day. Indeed, this 
information wouldn’t be available at the time the reserves are dimensioned and procured. 

An alternative approach, which we term dynamic reserve management, involves both dimensioning 
and flexibly procuring reserve levels sufficiently close to real time to take advantage of detailed 
information on the system’s likely state. Under this approach, the SO can conduct contingency 
analysis based on the planned operation of the system and procure only that reserve needed to 
cover the risks present on the day. Reserves procured this way are procured only for a short period 
(e.g. a day) and probably at most day-ahead. 

Formally, we can distinguish between two different elements of the reserve procurements strategy: 

 dimensioning, which covers identifying the required level of reserves, and 

 procurement, which covers the ways in which the SO manages system margins close to real 
time. 

In theory, a dynamic or static approach could be applied to the procurement of any reserve product. 
However, a dynamic approach will clearly be more relevant where required volumes or the choice of 
potential suppliers is influenced by specific information on the system state. For example, it might 
be especially relevant to adopt a dynamic approach to procuring manual reserves dimensioned 
based on the size of the largest potential infeed loss if the size of this potential loss changes from 
day to day as place fall into and out of the merit order. Alternatively, it might be valuable to arrange 
dynamic daily aFRR tenders if generators are willing to quote lower prices after they can be 
reasonably certain that they’ll be synchronised to the system anyway. 

Like proactive activation, systems can exhibit varying degrees of dynamism in terms of their reserve 
procurement activities and this dimension is better thought of as a spectrum, rather than a binary 
choice between static and dynamic management. Figure 3-4 under shows this spectrum. 
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Figure 3-4 Static vs Dynamic reserve management 

Note: System characteristics shown in brackets are indicative of the relevant approach, rather th an absolute 

requirements. 

This choice of how to manage reserves relates directly to each SOs procurement practice and there 
are therefore few other elements of system design that are of relevance. However, we note that 
systems with schedule editing products may use these operational tools to manage system margins 
intraday without procuring formal reserve products. Specifically, by redispatching and starting up 
generation units, an SO can influence system margins and flexibility, as well as system properties 
like inertia, without formally procuring any of these potential benefits. Thus, an SO action 
implemented technically as an instruction to alter a production profile, may be intended to fulfil a 
reserve requirement. The presence of schedule editing tools, and especially of bespoke tools to 
compensate for the start-up and synchronisation of plants, is therefore indicative of flexible 
procurement under a strategy of dynamic reserve management. Similarly, in systems where 
generators are obliged to provide any residual capacity to the SO as reserves, the SO may be 
encouraged to adopt a dynamic reserve management strategy so that it can adapt its procurement 
to the availability of this uncertain, but low-cost, reserve. Such obligations, or the presence of 
capacity mechanisms, may also be necessary to provide longer terms certainty on over the presence 
of reserve capacity in systems where the SO only procures reserves for a short period ahead. 

3.2 Summarising countries strategies using this framework 

Having explained the dimensions that define a balancing and redispatch strategy, we can now 
summarise the approach of the countries reviewed in chapter 2 using these dimensions. The figures 
below do this and illustrate the groupings identified earlier in section 2.8. 
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Figure 3-5 Overview of countries balancing and redispatch strategies 
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3.3 Interactions 

Before moving on to discuss the relative pros and cons of these alternative strategies in the next 
section, it is worth a brief consideration of the interactions between choices made across the four 
dimensions identified. Specifically, we consider: 

 The compatibility of passive balancing and proactive activation,  

 The compatibility of reactive balancing and dynamic reserve management, and 

 The interactions between balancing and redispatching strategies. 

3.3.1 The compatibility of passive and proactive balancing 

Strategies that incorporate proactive activation by the SO are effectively relying on the SO to 
optimise balancing activity for the system as a whole, ideally drawing on the widest possible set of 
balancing resources and identifying their most efficient use. Passive balancing, in contrast, involves 
some control over system balancing being held by BRPs and some sources of flexibility being 
controlled in real time by BRPs as distinct from the SO. It is perhaps unsurprising therefore that some 
sources see the removal of incentives for passive balancing by BRPs as inherent to a strategy of 
proactive balancing, implying that the two strategies are mutually exclusive.10 

In reality, while the two strategies can come into conflict, it should be possible to simultaneously 
employ both passive balancing and a strategy of proactive activation. To see this, it’s important to 
recognise that passive balancing concerns reacting in real time and not planning a balancing 
response. Passive balancing could therefore be incorporated into a proactive strategy as one of 
several means by which forecast imbalances are resolved. For example, the SO could buy balancing 
energy proactively to resolve a forecast shortfall and thereby increase the imbalance price while also 
taking a view as to how the market will respond. In effect, the SO could take a view on the passive 
response supply curve and factor this passive response into its proactive strategy. 

Given the difficulty and potential conflicts involved, one might question if it would ever make sense 
to incorporate passive balancing into a proactive strategy. After all, ruling out passive balancing 
would help ensure that sources of flexibility are not held back from the SO, behaviour that might 
otherwise undermine the ability of the SO to optimise effectively across all resources. However, it 
needs to be recognised that allowing for passive balancing might support decentralised balancing 
by flexibility resources, like DSR, that would not partake in SO balancing markets and might therefore 
never contribute to system balancing in the absence of a system of passive balancing. In other 
words, passive balancing might be able to activate flexibility resources that the SO simply would not 
or could not reach. In turn, incorporating these resources into the overall balancing response might 
help to reduce the costs of balancing for the system as a whole. The extent to which there is a pool 
of flexibility that is best unlocked through the implementation of passive balancing, as opposed to 
more inclusive SO procurement, is unknown, but is clearly critical to the size of any benefit that a 
system of passive balancing might bring. 

Overall therefore, we conclude that passive and proactive balancing can be combined, but that doing 
so might significantly increase the difficulties facing the SO as part of its forward planning. We 
consider the practical challenges involved further in section 5.4.1. 

3.3.2 The compatibility of reactive balancing and dynamic reserve management 

Dynamic reserve management could be employed alongside either a reactive or proactive activation 
strategy. However, there are features of the system design that might imply synergies when 
combining a proactive activation strategy with dynamic reserve management. 

There are clear examples, such as France, where dynamic reserve management is employed 
alongside proactive activation. However, one could also imagine a reactive system employing an 

                                                

10 See, for example, http://www.elia.be/~/media/files/Elia/About-Elia/Users%20Group/Task-force-
balancing/02-Reactive-balancing-market-design.pdf 
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intraday market for reserve, at least for some of their reserve requirement, and using this to optimise 
the overall level of reserve based on the specific contingencies relevant that day. As such, there is 
no fundamental incompatibility between the two approaches. 

That said, there are some common design features that are a natural fit for both a proactive activation 
strategy and dynamic reserve management. Specifically, both approaches rely on detailed within-
day forecasting and contingency analysis to inform a process of cost-optimisation. In addition, 
proactive activation relies on the SO having the ability to adjust production plans. These same tools 
may also enable the de facto management of system margins without resorting to the use of formal 
reserve products. For example, by issuing what are technically redispatch instructions, the SO may 
synchronise plants and ensure headroom at dispatchable plants so as to provide greater effective 
reserves. Because these tools can provide useful to strategies of both proactive activation and 
dynamic reserve management, it is perhaps unsurprising that there is significant overlap in the 
systems that employ them. 

3.3.3 The interactions between balancing and redispatching strategies 

As noted in section 1.1, congestion and imbalance issues may or may not be predictable. Among 
those issues that can be predicted, the point at which, and the confidence with which, they can be 
predicted differs. In general, for non-nodal markets, the day-ahead market results give rise to some 
obvious congestion issues, as well as some reasonably clear deterministic imbalances related to 
scheduling periods. 

We have seen, in chapter 2, that all non-nodal systems analysed in this report undertake some 
proactive redispatch activity to resolve congestion issues. Some systems opt to sequentially resolve 
these issues, while others fully co-optimise redispatch and balancing as part of a single exercise. 
What, if anything, can be said about how these decisions influence efficiency? 

As explored in detail in section 4.2.3 under, the proactive treatment of stochastic imbalances is 
almost certainly efficient, assuming that we are sufficiently certain that the problem will occur. As a 
general rule, systems become less, not more, flexible as we approach real time, as ramping and 
start-up constraints prevent units from responding without advance notification. Consequently, 
scheduled actions to respond in advance can draw from a greater range of lower-cost options to 
treat the problem than relying on relatively high-cost, fast-acting balancing services as part of a 
reactive strategy. Furthermore, even in the event that low-cost flexibility becomes available only 
close to real-time, a proactive strategy entails the option to wait and let an imbalance be dealt with 
reactively, if this is expected to be least-cost. As such, a reactive strategy basically enforces an 
additional unnecessary constraint that we ignore any reasonable expectation of an imbalance until 
real time. 

A proactive approach likely entails an additional administrative cost, but intuitively this is likely to be 
an order of magnitude lower than the efficiency savings of lower cost activations. 

The decision to proactively address forecastable imbalances doesn’t necessarily imply co-optimising 
balancing and redispatch activity however. Both France and Great Britain proactively respond to 
forecast imbalances but, in practice, develop their congestion management strategy largely 
independently of their balancing activity. 

The value of co-optimisation is that it enables one to realise efficiencies where the two activities 
interact. For example, a sequential approach might use a flexible provider to solve a congestion 
issue in the first-step even though the provider would have been more efficiently used to respond to 
forecast imbalances. In general, such co-optimisation will be preferred unless it imposes some 
efficiency cost. For example, one may need to think twice about co-optimisation if it is only possible 
after some low-cost redispatch options have become unavailable, for example because imbalance 
forecasting certainty only becomes sufficiently high close to real time. Ultimately, this is an empirical 
question. 

Although it is hard to argue against co-optimisation from a theoretical perspective, it is perhaps worth 
noting that in many systems, the size of the efficiency gains are likely to be fairly small, dependent 
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ultimately on the specific system’s structure and flexibility resources and the resultant sensitivity of 
the optimal response. As RTE pointed out with respect to France, congestion management often 
leaves the SO with few degrees of freedom to resolve the issue. Where this is the case, balancing 
considerations are unlikely to result in the selection of an alternative, efficiency-enhancing solution. 

With regards to the optimal timing of redispatch and balancing therefore, it is likely that both should 
be performed ahead of real-time where there is reasonable certainty that the projected issues will 
occur. Action should also be taken sufficiently far in advance of real time that low-cost options are 
not foreclosed, for example by the presence of ramping or start-up constraints. However, subject to 
this requirement, activation should occur as late as possible to ensure that the SO has as much 
information as possible and to minimise any interference with the market. Where both balancing and 
redispatching issues are expected, co-optimising the response is likely to be ideal, but the added 
value of this co-optimisation is unclear. 
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4 ASSESSING DIFFERENT STRATEGIES 

Having identified the defining features of alternative balancing and redispatching strategies in the 
previous chapter, we now go on to consider the pros and cons of the different strategies available. 
We consider each of the four design choices in turn, as the pros of one end of each design spectrum 
are generally the cons of the other end and vice versa. 

Before setting out our assessment of each choice, we detail the assessment framework used. 

4.1 Assessment framework 

The effect of each of the design choices has been considered in reference to the criteria listed below. 
These criteria are adapted from Van der Veen and Hakvoort (2016), “The electricity balancing 
market: Exploring the design challenge”, and Van der Veen et al. (2010), “A qualitative analysis of 
main cross-border balancing arrangements”. 

Security of supply 

 Overall availability of balancing resources 

 Balance planning accuracy, i.e. the accuracy of energy schedules / physical notifications 

 Balance quality, e.g. accurate cross-border deliveries and the maintenance of nominal system 
frequency 

Economic efficiency 

 Imbalance price efficiency, i.e. the efficiency of incentives for BRPs to be in balance or to 
support passive balancing 

 Balancing service price efficiency, i.e. the efficiency of the price paid to Balancing Service 
Providers, BSPs 

 Allocative efficiency of activation, i.e. minimising the cost of balancing and redispatch 
instructions 

 Cost-efficiency of reserve procurement 

 Security margins on cross-zonal interconnectors, i.e. the extent to which cross-zonal 
capacity is prevented from being used for trade 

 Operational efficiency, i.e. minimising the operational costs of the necessary administrative 
and market processes 

 Market competitiveness, i.e. the competitiveness of any markets for balancing services 

 Transition costs, i.e. the scale of the one-off costs needed to transition from the current 
market arrangements 

 Investment incentives, e.g. the incentives to invest in locations that reduce congestion 
management costs or in assets capable of providing flexibility 

Market facilitation 

 Transparency, e.g. information availability and clarity of market design and performance 

 Non-discrimination, e.g. among different types of providers, across BRPs and BSPs, and 
across borders 

 Scalability, i.e. ease with which this can be applied to multiple different national markets within 
the Common Market 

4.2 Assessment of each design choice 

The sections immediately below set out how the relevant design choice is expected to affect these 
criteria. 
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4.2.1 Accounting for transmission and security constraints in the market solution 

Overall, efficiency is improved by incorporating transmission and security constraints into the market 
solution. There may also be a security benefit to having a technically feasible schedule earlier on in 
the scheduling process. Given the current setup of European markets and the desire to further 
integrate these markets, we assume that a multizonal market design is likely to continue, at least in 
the near future. However, this should be improved through a more accurate representation of 
network constraints within SO areas through the use of additional bidding zones, similar to those 
already in use in the Nordics. Nodal pricing, while a logical extension of the desire to incorporate 
transmission constraints into the clearing process, would entail the need to radically redesign all 
European energy markets and therefore impose very significant transition costs for energy market 
participants. It would also likely involve the creation of a single European market model operated by 
a regional system operator. Given these challenges, a nodal market design is unlikely to be 
realisable in Europe in the short- to medium-term. 

Imbalance price efficiency – If control zones are defined to accurately reflect areas of congestion 
and imbalance prices are established on a zonal level, this would create more accurate and efficient 
imbalance price signals that reflected the specific energy requirements of that zone rather than that 
of a broader area. 

Balancing service price efficiency – Similar to the above, zonally-defined prices are likely to better 
reflect the true value of the service to the SO given the transmission constraints it faces. 

Investment incentives – The energy prices generated by a market clearing process that more 
accurately accounted for transmission and security constraints would thereby provide more efficient 
investment incentives for energy generators and consumers. Most obviously, generators would be 
discouraged from building in oversupplied areas behind constraints. Zonal balancing services and 
imbalance pricing may also improve investment signals where there are locational differences in the 
value of flexibility. For example, in congested areas that suffer from significant imbalances due to 
uncertain demand and supply, imbalance prices will be more volatile under appropriately defined 
zonal pricing and therefore provide greater rewards to suppliers of flexibility in the areas where this 
flexibility is most needed. 

Allocative efficiency of activation – A market solution that already accounts for transmission 
constraints is less likely to schedule the activation of plants that cannot be feasibly run given 
transmission constraints. Most obviously, generators that contribute to oversupply in congested 
areas will not be scheduled and will not therefore need to be compensated when they are 
subsequently constrained off. 

Cost-efficiency of reserve procurement – Similar to the above, because a market solution that 
accounts for transmission constraints reduces the need for redispatch, it also alleviates the need for 
reserves to support redispatch, resulting in a cost efficiency. 

Transition costs – The adoption of a fully nodal market would require a radical redesign of European 
power markets and system operations and therefore involve very significant transition costs not just 
for the SOs, but also for energy market participants. In comparison, remapping existing energy and 
imbalance pricing zones to better reflect network topology would reflect a more incremental change 
and imply significantly smaller costs. 

Scalability – Zonal markets are arguably easier to integrate than fully nodal markets because the 
market clearing process is computationally much simpler, and integration can be achieved through 
lower levels or harmonisation. In comparison, the adoption of a fully nodal design for the European 
market would require a degree of operational integration that would likely require the creation of a 
supra-national SO function. Given past opposition to the transfer of system operator responsibilities 
to non-national bodies, it is unlikely that a nodal market could be scaled up without overcoming 
considerable political opposition. 

Transparency – The transparency effects of nodal markets are ambiguous. On the one hand, nodal 
markets provide a lot of specific data that can help inform decision making. On the other hand, they 
also involve far more complicated clearing mechanics that can be very challenging to follow and 
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audit. From a mathematical perspective, there is also no formal proof that the solution identified in a 
nodal market is truly the global cost-minimum, making it easier to argue that alternative market 
solutions should be considered. 

4.2.2 Passive balancing vs Exclusive SO control 

Passive balancing provides a means for all BRPs to contribute to system balancing and may improve 
efficiency by incentivising sources of flexibility that otherwise might be missed by SO procurement 
processes. However, as discussed earlier in section 3.3.1, passive balancing may also make 
proactive optimisation of the system by the SO more difficult and could end up increasing system 
costs by, for example, overcompensating in response to an imbalance. A discussion of the feasibility 
of passive balancing, particularly in a multizonal market, is included in section 5.4.1. 

Availability of balancing resources – Since the imbalance price can be used to incentivise all 
BRPs, a system of passive balancing that uses the imbalance price should be able to enlist support 
from the entire market, potentially making available sources of flexibility that would not otherwise 
partake in SO procurement processes for balancing resources. The size of this benefit will depend 
on the extent to which there exist untapped flexibility resources that can be unlocked through a 
system of passive balancing. The potential pool of untapped resources will depend on the 
inclusiveness of SO procurement practices and some or all of this pool might alternatively be 
accessed by improvements to these processes (e.g. through the use of smaller bid requirements, 
aggregation or simplified qualification). However, any procurement process will ultimately require 
contracting between the SO and BSP, a requirement that does not exist in a passive system. 
The scope for passive balancing to unlock additional resources may still be undermined by the 
practical need to automate one’s response in the face of rapidly changing imbalance prices. In 
addition. for systems where the SO’s processes are already capable of accessing ample low-cost 
flexibility, the implied benefit gained from the inclusion of new resources will be far smaller than for 
systems in which the TSO is only able to access relatively expensive flexibility from large-scale 
generators.  
Because a system that enables passive balancing allows sources of flexibility to be remunerated for 
balancing actions without contracting directly with SO, the SO may also find it harder to secure 
balancing resources directly if passive balancing is introduced. Specifically, although a BSP that 
chooses not to contract with the SO will lose any capacity payment provided for the provision of 
reserves, it will gain additional flexibility to self-dispatch its capacity that it may be able to profit from 
in other ways. To some extent, we can therefore expect the cannibalisation of current SO balancing 
resources by the system of passive balancing, such that the volume of balancing offers directly 
available to the SO falls. 

Market competitiveness – The inclusion of additional sources of flexibility in the balancing process 
should increase competition for the provision of balancing services. For example, if certain forms of 
flexibility are currently being excluded from the SOs balancing reserves for technical reasons, e.g. 
an inability to provide both up and down regulation, these sources will now be able to provide passive 
balancing, competing with more traditional balancing resources and potentially displacing them if the 
SO realises it no longer needs to procure or activate its directly contracted Balancing Service 
Providers to the same extent. 

Allocative efficiency of activation – In theory, increasing the availability of balancing resources 
should enable greater allocative efficiency, on the assumption that some of these ‘new’ balancing 
resources are cheaper than those already in use. This assumes an efficient division of balancing 
effort between passive responders and the SO itself, a decision that is effectively taken by the SO 
in determining how much it needs to act.  
Passive balancing’s positive contribution to allocative efficiency also rests on the assumption that 
the market design prevents a passive response that exacerbates congestion problems, as discussed 
previously and again, in further detail, in section 5.4.1. 

Cost-efficiency of reserve procurement – In theory, passive balancing could be added to an 
existing system design without altering the dimensioning of reserves and thereby provide an 
additional level of security without altering costs. If, however, we assume that passive balancing can 
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be used to substitute to some extent for traditional reserves and that the SO therefore scales back 
directly procured reserves, this would result in lower reserve costs overall. 

Balance quality – A passive balancing response will generally be less certain than that of resources 
controlled directly by the System Operator and a control strategy using passive balancing may 
therefore be subject to greater balancing errors. 

Security margins on cross-zonal capacity – Linked to the above point, if these balancing errors 
are relevant to the dimensioning of the security margin on the relevant cross-zonal capacity, greater 
errors may have a knock-on effect on the appropriate size of the security margin, requiring it to be 
larger than it otherwise would be. In turn, this higher security margin will have an efficiency cost in 
terms of foregone trade between connected zones.  
Alternatively, passive balancing might increase the availability of balancing resources in a zone 
currently reliant on the reservation of cross-zonal capacity for the exchange of reserves. In this case, 
the increased availability of local balancing resources might help reduce the quantity of cross-zonal 
capacity that must be reserved for the exchange of reserves and thereby enable greater energy 
trade between the zones. 

Transition costs – Most systems are currently not designed to encourage efficient passive 
balancing and so moving to a system of passive balancing would imply transition costs. In particular, 
the imbalance pricing regime would need to be adapted to allow for the provision of a single marginal 
imbalance pricing in real-time. Zonal prices might also have to be created to ensure the efficiency of 
the price signals in the presence of network constraints. Perhaps most challenging of all, SOs would 
also need to learn how to operate effectively in combination with a passive balancing response from 
the market. The magnitude of these costs is likely to be lower than that of the efficiency impacts 
however. 

Non-discrimination – A system of passive balancing has less scope for discrimination than a 
system that relies on exclusive SO control since all BRPs can choose to be a part of a balancing 
response and are remunerated for their contribution on an equivalent basis. In contrast, systems that 
rely exclusively on SO control may find that some potential providers are unintentionally 
discriminated against because of the nature of the associated contracting process. For example, 
demand side response may not be able to fit neatly into the contractual arrangements used by the 
SO. Allowing another route for such flexibility providers to be remunerated for their contribution helps 
to prevent any inadvertent favouring of specific providers or technologies. However, it should be 
possible to develop non-discriminatory procurement processes directly without the need for passive 
balancing. 
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Single marginal imbalance pricing 

In order for the passive balancing response to be efficient, and as described in section 4.2.2 
over, single marginal imbalance pricing would need to be used. The use of this imbalance 
pricing regime has its own implications for some of the criteria considered above. These impacts 
are noted separately below. 

Transparency – The marginal price of SO balancing activity is the most relevant piece of 
information for economic decision marking. Sharing this price with the market is arguably more 
transparent therefore. 

Non-discrimination – Relative to dual pricing, which creates a wedge between what you get 
and what you receive for power, single pricing is less punitive for BRPs that are routinely out of 
balance. To take a stylised example, for a BRP that correctly estimates its net production on 
average but uses forecasts subject to an entirely random and symmetric error, the gains from 
oversupplying will offset the losses from undersupplying under a single price regime. Under a 
dual price regime however, this generator will suffer consistent losses due to this random error. 
Single pricing is therefore arguably less discriminatory against smaller variable generators that 
typically have larger stochastic imbalances relative to the size of their overall production, owing 
both to their production technology and the lack of diversification benefits across a portfolio of 
assets. 
Conversely, and relative to average pricing, marginal pricing will give rise to more volatile 
imbalance prices. This is arguably discriminatory against exactly the same market participants 
that benefited above because, even though the payments will net out on average, their larger 
absolute size exposes these players to greater relative cash flow risks and collateral costs. 

Scalability – The creation and use of real time single marginal imbalance prices could facilitate 
international real-time trade among SOs and therefore may significantly contribute to the 
realisation of efficiencies from cooperation among SOs in its own right. 

4.2.3 Reactive vs Proactive activation 

Proactive activation has the potential to realise efficiencies through the cost optimisation of balancing 
actions across multiple different potential Balancing Service Providers. However, these efficiencies 
ultimately rely on the SO’s ability to anticipate system needs and optimise effectively among the 
resources available. Even in the best-case scenario, the SO will be taking decisions under 
uncertainty and may get things wrong.  
Enabling a strategy of proactive activation may also require earlier gate closure, so as to provide the 
SO with sufficient control and flexibility to significantly influence the solution and realise the potential 
benefits of its optimisation. Earlier gate closure could, in turn, potentially result in lower forecast 
accuracy. As discussed previously, a strategy of proactive activation may dissuade or otherwise 
come into conflict with the implementation of passive balancing, thereby limiting the variety of 
balancing resources that can be employed. Consequently, while proactive activation broadly 
appears to contribute to efficiency, it may come into conflict with other potentially beneficial 
approaches. 

Availability of balancing resources – Although a proactive strategy does not increase the absolute 
pool of balancing resources available, it does permit greater substitutability among them such that, 
for example, a slower-acting resource can be used instead of fast-acting resource. This effectively 
means that a wider selection of resources can be considered as providing a possible solution for a 
forecast problem. 

Market competitiveness – For the same reason, competition is enhanced. Extending the example 
above, the fast-acting resource will now face competition from slow-acting resources due to the 
increased substitutability between them. 

Allocative efficiency of activation – Cost-optimised activation is the primary objective of proactive 
activation and, if done properly, should reduce activation costs by substituting higher cost BSPs for 

http://www.thema.no/


 THEMA-Report 2018-02 A study on balancing and redispatching strategies 

Page 55  THEMA Consulting Group 
  Øvre Vollgate 6, 0158 Oslo, Norway 
  www.thema.no  

lower cost alternatives, as well as realising cost efficiencies through the co-optimised planning of 
balancing and congestion management. 

Cost-efficiency of reserve procurement – Similarly, by enabling the substitution of high-cost 
reserves with lower cost reserves, the SO should be able to rebalance its reserve dimensioning 
towards lower cost providers and realise reserve cost savings. 

Balance planning accuracy – If the development and implementation of a proactive activation 
strategy requires the imposition of an earlier gate closure, this may have negative implications for 
the accuracy of planning schedules. It is obvious that final notifications issued closer to real time are 
likely to be more accurate than those issued earlier, since these later notifications benefit from more 
information and greater certainty over real-time conditions. However, what is relevant for a 
consideration of planning efficiency is the relative accuracy of the SO’s information at the same point 
ahead of real-time under systems with early and late gate closure. Ultimately this comes down to 
whether and to what extent BRPs will develop better forecasts than the SO in the last hour or so 
ahead of real-time. Anecdotally, Germany’s experience with the direct marketing of wind generation, 
in which responsibility for forecasting wind output passed from the SO to the plants’ operators, 
suggests that asset operators have a superior ability to forecast output from variable sources than 
the SO. If true, and if proactive balancing requires earlier gate closure, a proactive strategy may end 
up harming overall efficiency by worsening the quality of the forecast available to the SO. 

Balance quality – In theory, a proactive approach can deliver superior balance quality because, by 
definition, it can prevent problems from occurring in the first place, rather than simply fix problems 
after they occur. However, the ultimate impact on balancing quality will depend on the SO’s ability to 
accurately predict the system’s requirements in advance. Proactive action based on poor forecasting 
could actually contribute to a worsening of balance quality. 

Security margins on cross-zonal capacity – The impact on cross-zonal margins will depend on 
the extent to which balancing quality is affected, as discussed above, and the factors driving the 
dimensioning of security margins. If the size of these margins is being driven by predictable 
imbalances that are successfully addressed through proactive activations, then it may be possible 
to reduce safety margins11 under a proactive strategy and thereby realise greater efficiency gains 
from cross-zonal trade. If, however, these margins are dimensioned by the risk of an unpredictable 
plant outage for example, a risk that will not be reduced through proactive activation, the size of the 
safety margin will not be affected by the choice of activation strategy. 

Operational efficiency – The operational costs associated with running a proactive approach may 
be higher due to the fact that the forecasting and optimisation processes conducted by the SO are 
more complex, and likely require greater resources to undertake. However, the size of this cost is 
probably small relative to that of the efficiency effects mentioned above. 

Transition costs – TSOs currently practice both proactive and reactive strategies. There would be 
transition costs associated with changing an SO’s existing practice from one approach to the other. 
For those SOs moving to adopt a more proactive approach, they would notably need to learn how to 
better predict the system’s needs ahead of real time and develop the tools needed to identify the 
most cost-effective action. 

4.2.4 Static vs Dynamic reserve management 

Dynamic reserve management has the potential to enable more efficient procurement of reserves 
by taking full advantage of the low-cost reserves provided, for example, by the partial loading of 
plant. However, it requires more involved forecasting and optimisation on the part of the SO and 
therefore a possible increase in the SO’s operational costs. 

                                                

11 In some cases, it may be possible to substitute between these safety margins and local reserve used for 
redispatch, such that these local reserves could be reduced instead of making changes to the safety margin. 
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Availability of balancing resources – Dynamic reserve management does not necessarily require 
that all reserves are secured close to real time, but it does entail some close-to-real time 
procurement. It is likely that the type of resources willing to offer reserves will differ over time. For 
example, a marginal generator may initially expect to be in-merit and generating much of the time 
and will therefore not be willing to enter into a reserve contract well in advance of real-time. However, 
it may subsequently become willing to offer a short-lived reserve service on a day when it concludes 
that it is unlikely to be in-merit. Consequently, setting procurement windows at different points in time 
should increase the total pool of resources from which the SO can draw. Importantly however, some 
potential providers will likely cease to offer reserve as we approach real time, even while other 
providers enter the market. As such, close-to-real time procurement, when used exclusively, need 
not provide for a strictly greater availability of potential reserves than procurement held earlier on. 

Balance quality – If done properly, the chosen procurement strategy should have no impact on 
balance quality. In extremis, one can imagine a situation in which a failure to procure reserves earlier 
and difficulty securing reserves later on results in a higher risk to balancing quality. 

Cost-efficiency of reserve procurement – Since dynamic reserve management is specifically 
designed to realise cost efficiencies in reserve procurement, for example by avoiding the over-
dimensioning of reserves in periods when they will not be needed, it should be more cost-efficient 
than a static alternative. 

Operational efficiency – As with proactive activation, dynamic reserve management relies on the 
SO taking a more proactive role. The additional complexity associated with optimising reserve 
procurement close to real time will likely require greater resources to undertake, and this will imply 
higher operational costs on the part of the SO. Again however, the size of this cost is probably small 
relative to that of the efficiency effects mentioned above. 

Transition costs – TSOs currently practice both static and dynamic strategies. Since dynamic 
strategies generally include some static-like procurement of ‘baseload’ reserves, the transition costs 
of moving from a dynamic to a static system are likely to be negligible. In contrast, the transition to 
a dynamic system may require significant learning on behalf of the SO and BSPs, as well as the 
potential creation of new products and systems that enable the auctioning and optimisation of 
reserves closer to real time. The order of magnitude of these costs is likely to be significantly smaller 
than that of the efficiency effects however. 

Non-discrimination – If a dynamic strategy includes the procurement of reserves over multiple 
timeframes, this is likely to increase the variety of potential providers, as noted above. This increase 
in the range of potential suppliers could be argued to be less discriminatory than a system that 
exclusively procured reserve from those suppliers able to commit at certain point in time. 
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5 FEASIBILITY AND EFFICIENCY IN THE NORDIC CONTEXT 

In this section we consider the feasibility and efficiency of the different approaches identified 
previously in the context of the Nordic power system. Specifically, we consider each of the four 
dimensions in turn, noting which approaches are likely to be feasible and which are likely to be the 
most efficient when applied in the Nordics. 

5.1 Accounting for transmission and security constraints in the market solution 

5.1.1 Feasibility 

The Nordic Market already embodies a multizonal market design. As with other European markets, 
the adoption of a fully nodal market design would entail significant transition costs that would be 
borne both by the System Operators but also, in large part, by energy market participants. A move 
to a nodal market would also be very challenging politically, since it would isolate the Nordics from 
the rest of the continent unless pursued as part of a radical transformation of the European electricity 
market as a whole. In either case, it would also likely involve the delegation of further SO 
responsibility to a supranational authority and, based on historic precedent, therefore face significant 
political opposition. For these reasons, we do not consider a nodal approach to be practically feasible 
in the Nordic context. 

5.1.2 Efficiency 

Our generic assessment of the various approaches’ effects suggested that accounting for 
transmission and security constraints within the market solution supports efficiency. By limiting the 
need for redispatch, multizonal and nodal market designs reduce the associated system costs from 
compensation to constrained generators, use of more-costly generators, and the procurement of 
larger reserves. These designs also support more granular and therefore efficient price signals that 
work to encourage investments that lower electricity system costs. Since we consider a fully nodal 
market to be infeasible in Europe, at least in the short- to medium-term, a multizonal market reflects 
the most efficient market design for Europe in the near-term. The Nordics are no exception. 

There are a couple of specific features of the Nordic system that reinforce this general conclusion. 
First, existing transmission bottlenecks and regional supply imbalances are often underpinned by 
persistent geographic features. For example, limited transmission capacity often reflects the cost 
and difficulty involved in covering long distances or difficult terrain. Second, generation surpluses 
often reflect the presence of areas with rich renewable resources, like good wind conditions. In both 
cases, these fundamental features are not going to change. 

For persistent structural features like these that affect the system’s design and operation, it makes 
sense to acknowledge them in the market design. Doing so allows for more efficient price signals, 
which, in turn, go on to provide more efficient investment signals. Developers are exposed to the 
value of locating generation or demand in areas where they reduce transmission requirements, or 
conversely to the costs of exacerbating existing constraints. Similarly, with zonal imbalance prices, 
sources of flexibility are appropriately rewarded for locating in isolated areas that are subject to 
structurally greater system imbalances, for example due to an abundance of variable generation. In 
this context, the value of a multizonal market in providing regionally specific prices is clear. 

In the case of Norway specifically, the abundance of hydropower plants with reservoirs gives the 
country ample low-cost flexibility. This means that some of the general benefits of a multizonal 
market, such as the avoided costs of redispatch and the added security benefits associated with 
requiring less redispatch, are lower than they might be in other contexts. However, this is not to say 
that these benefits are negligible. 

One aspect where the current Nordic market design currently lags behind Continental Europe is in 
the accurate representation of cross-zonal flows in the market coupling process. However, work to 
incorporate a more accurate representation of the network, through flow-based coupling, is already 
well-advanced and expected to become a feature of the Nordic market design in the near future. 
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5.1.3 Conclusion 

Overall, a multizonal market design reflecting structural variations between areas is clearly the most 
efficient politically-feasible design and, given clear structural differences between different areas 
even within any individual country in the Nordic region, it is unsurprising that this approach has been 
adopted for the Nordic context. 

5.2 Proactive activation to meet forecast imbalances 

5.2.1 Feasibility 

Statnett already employs some degree of proactive activation through ‘produksjonglatting’ 
(production smoothing). By reprofiling generators’ production profiles, it seeks to smooth stepwise 
changes in production and alleviate deterministic imbalances around the ends of scheduling periods. 
Again therefore, proactive activation is not only feasible, it is already in use. 

What is less clear is how much further the proactive activation already in place can be pushed to 
realise additional efficiencies, for example by considering other types of forecastable imbalances. 
Here, and assuming that Statnett could develop sufficiently accurate forecasts, we see no reason 
that it could not undertake proactive activation to resolve them. Indeed, the fact that proactive 
strategies are already pursued elsewhere suggests that there is no fundamental reason why they 
could not be incorporated in the control strategy of Nordic SOs and, if necessary, a modified market 
design for the region. Rather, the key feasibility constraint regarding the implementation of proactive 
activation is the extent to which the SO can develop forecasts that are sufficiently accurate that they 
can justify pre-emptive action. 

Here the Nordic SOs may be helped by the presence of relatively advanced plans, compared to 
many other European markets, on the use of smart meters and data hubs. The presence of high-
quality and centralised data is likely to significantly aid efforts to improve imbalance forecasting. 

5.2.2 Efficiency 

Our earlier assessment of the efficiency of proactive and reactive strategies, in section 4.2.3, 
concluded that proactivity could aid efficiency where imbalances were forecastable and there was 
not an excessive efficiency cost to pay in terms of the foregone benefits of later gate closure or the 
use of passive balancing. Specifically, we noted that proactivity had the scope to allow forecast 
imbalances to be treated at potentially lower cost, since it could draw on a larger pool of resources. 

That said, if the SO felt it necessary to impose an early gate closure to be able to coordinate a 
proactive response, this might impose its own efficiency cost. Late gate closure provides more time 
for BRPs to update and correct their positions. If they have better information on their injections or 
withdrawals, as it likely, or access to lower cost flexibility than the SO in the final run-up to real time, 
an early gate closure will deny the system these advantages when it comes to balancing. This will 
result in the SO having to balance the system based on a comparatively inaccurate overall forecast 
and more expensive resources, with a resultant efficiency cost. On the other hand, giving the SO 
complete control over the system earlier may allow it to realise optimisation efficiencies that would 
not be realised by BRPs. For example, the SO may be able to order actions that will more accurately 
follow load or better reflect network congestion – factors that would generally be ignored by BRPs 
looking only at the imbalance settlement regime. All of these factors will play into the relative costs 
and benefits of different gate closure times. 

Similarly, if the SO felt that a proactive response demanded exclusive SO control of the balancing 
process, such that there was no passive response, this would rob the system of any potential 
efficiency gains from passive balancing. These gains would depend on the system, but ultimately 
relate to the extent to which passive balancing unlocks low-cost sources of flexibility that the SO 
cannot access through more traditional contractual means. 

Importantly, both of these are secondary impacts and rely on there being an operational need to 
restrict gate closure or the use of passive balancing in order to perform proactive balancing. If 
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proactive balancing be achieved without these restrictions, it will be unambiguously beneficial when 
combined with accurate forecasting. 

When looking at the Nordics, it is worth noting that the system’s geography, which has large water 
bodies separating interconnected bidding zones, gives rise to relatively large controllable HVDC 
interconnector capacity as a share of the overall size of the connected zones. With many more such 
interconnectors planned, this feature may be even more stark in the future. These interconnectors 
can give rise to very sudden changes in flows when the price spread between interconnected zones 
switches. The changes are entirely predictable, being an element of the market’s solution, but imply 
that the deterministic balancing challenges described in section 1.1.1 may be particularly large and 
severe in the Nordic context. As such, the potential benefits associated with addressing stochastic 
imbalances through proactive management can be expected to be especially significant in the 
Nordics. 

Two benefits in particular are worth noting. First, proactive management helps avoid the need to 
procure large and fast-acting reactive reserves in the immediately affected zones that must respond 
to sudden changes in interconnector flows. Second, because proactive management helps to 
prevent a deterioration in balance quality in the first place, rather than simply reacting after the fact, 
it helps avoid the need to maintain larger safety margins on cross-zonal capacity. In practice, if the 
response to changing interconnector flows were purely reactive, the temporary imbalances that 
occurred in the immediately affected zones would potentially put pressure on the rest of the AC 
transmission network, including congested connections with neighbouring zones. To prevent this 
wider pressure from violating security constraints under a reactive approach, the SO might well have 
to reserve more capacity on these connections, thereby imposing an efficiency costs in terms of 
foregone trade. For both these reasons therefore, we expect the benefits of proactive management 
to be significant in the Nordic context. 

Similarly, we note that any forgone benefits from passive balancing are likely to be relatively small 
in the Nordics. In considering this point, it is worth reiterating that we do not believe proactive and 
passive balancing strategies to be inherently incompatible, as discussed in section 3.3.1. However, 
where merging the two approaches is deemed inappropriate, the implied cost of proactive 
management, in terms of the cost of closing off a passive balancing approach, is likely to be small, 
as explained in section 5.4.2. 

Finally, with respect to gate closure, we cannot see any features of the Nordic market that allow for 
an overarching conclusion as to the relative efficiency of alternative gate closure times as compared 
to other markets. 

5.2.3 Conclusion 

In light of these points, we conclude that a proactive approach is clearly both feasible and preferred 
in the Nordic context. What is less clear is to what extent better forecasting techniques can unlock 
further efficiencies from the use of a proactive strategy and to what extent related market design 
choices, like the timing of gate closure, should be selected to maximise the scope for proactive action 
on the part of the TSOs. 

5.3 Dynamic reserve management 

5.3.1 Feasibility 

Dynamic reserve management achieved through close-to-real time reserve dimensioning and 
reserve procurement reflects less of a discrete change in current reserve procurement practice so 
much as an evolution of current practice to make better use of information and provide the SO with 
greater flexibility with regard to managing system margins. There is nothing so markedly different in 
the fundamental nature of Norwegian and French power systems that would imply that dynamic 
reserve management like that employed by RTE could not be incorporated into the Nordic market 
design. However, since reserve procurement practices across the Nordic synchronous area are 
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partly defined by multilateral arrangements among the affected SOs, the incorporation of a revised 
approach to dimensioning and procurement may require revisions to these arrangements. 

5.3.2 Efficiency 

As assessed previously, dynamic reserve management has the potential to realise cost efficiencies 
by reducing the absolute quantity of reserves that must be procured and securing the reserves that 
must be procured at lower cost. These general conclusions are equally applicable to the Nordic 
system. However, to some extent, and as noted above, the adoption of more flexible and dynamic 
reserve procurement activity may have been frustrated by the presence of specific quantity 
requirements in the multilateral arrangements made between the Nordic TSOs. 

There are a few Nordic specific factors that might influence the scale of the fundamental benefits. In 
particular, there are several elements of the system whose willingness or ability to provide reserve 
capacity may not be evident far in advance of real-time. Opening procurement close to real time 
might allow these elements of the system to partake in reserve markets and thereby lower costs. 
Specifically, the economics of reservoir hydropower generation imply that the cost of providing 
reserves depend on precipitation in the intervening period; electricity-intensive industries, many of 
which locate in Norway due to its comparatively low power prices, may not know their intended 
production long in advance; and electrical heating loads, which are abundant and can be used to 
provide frequency restoration, are uncertain until external temperatures become clear. In all these 
cases, closer-to-real-time procurement might enable greater market participation and thereby help 
to lower costs. 

More generally, waiting until the system security requirements are better understood would allow the 
TSOs to procure only what’s absolutely required, rather than procuring reserves that are able to 
secure the system ‘whatever the weather’. 

Opposing these benefits are the implied organisational costs involved in developing a framework for 
cooperation among Nordic TSOs that gives flexibility to the TSOs without undermining the security 
of the system as a whole or enabling free-riding on neighbouring TSOs. 

5.3.3 Conclusion 

From a theoretical perspective, dynamic procurement is likely always to be preferred, although the 
size of any absolute benefit is not known. The presence of specific reserve requirements in the 
articles governing cooperation among the Nordic TSOs has likely dissuaded the pursuit of a more 
dynamic approach in the Nordics, given the practical obstacles associated with developing 
alternative arrangements. 

5.4 Passive balancing vs Exclusive SO control 

5.4.1 Feasibility 

Passive balancing is not extensively employed. Indeed, the Netherlands is the only one of the 
systems reviewed in chapter 2 that employs it. As noted previously, passive balancing also has the 
potential to cause problems for system management if the price signals used to stimulate passive 
balancing fail to account for transmission constraints. Given the presence of internal transmission 
constraints within Norwegian bidding zones and the lack of experience with systems employing 
passive balancing, we therefore dedicate significant space here to a discussion of the feasibility of 
passive balancing in the Nordic context before moving on to discuss its efficiency implications. The 
remainder of section 5.4.1 looks at two feasibility challenges in detail: namely whether passive 
balancing can be used successfully in systems with internal transmission constraints, and how an 
efficient price for passive balancing can be determined. The overall conclusions from this 
assessment is that passive balancing is feasible, albeit not without challenges, and that any ‘solution’ 
is likely to involve designing the system such that passive balancing signals can be switched off as 
necessary. 
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Passive balancing in the context of internal transmission constraints 

Passive balancing may cause problems when the incentives used to help support system balance 
ignore transmission constraints. Given the presence of internal transmission constraints within 
Norwegian bidding zones, one might therefore assume that passive balancing is not suitable in the 
Nordic context. 

Figure 5-1 Stylised example of transmission constraints 

 
 

Figure 5-1 shows a stylised example of the problem. In this case, the network is subdivided into two 
energy bidding zones, zone 1 and zone 2, to reflect the transmission constraint on the border of the 
two zones. In reality, congestion may also occur internally within zone 2, as shown. We distinguish 
between the uncongested subzones within zone 2 as 2A and 2B. 

For the purposes of the discussion below, we assume that power flows from right to left and that the 
nature of these flows implies that the transmission network is at its operational limits and unable to 
flow additional power from right to left. 

Now let us consider how passive balancing might work in the event of an imbalance like the one 
shown. Both zones 1 and 2 are short of power and require additional injections (or reduced 
withdrawals) to bring the system back into balance. A high imbalance settlement price should 
incentivise the necessary behaviour on the part of BRPs. However, the use of a single imbalance 
price signal will be too imprecise to ensure that the response does not violate our transmission limits. 
For example, if the market responds by increasing supply in 2B, this will exacerbate the congestion 
problems we’re already facing. 

The use of distinct single imbalance prices for the two bidding zones will also fail to fully alleviate the 
problem, since the zones are not defined by the actual constraints we face. However, they might 
result in a better solution. For example, if the bulk of the imbalance were in zone 1, or it was relatively 
costly to increase net production in that zone, we could use a significantly higher imbalance price 
there to bring on additional production where it was really needed. 

Ultimately however, passive balancing will only be able to single-handedly resolve the balancing and 
congestion issues in this example if balancing prices are defined in such a way that we can localise 
the response accurately where it’s needed. In this case, that would mean having a separate 
imbalance price in zones 1, 2A and 2B. This is the first-best solution and exactly analogous to the 
consideration of energy bidding zones. You must either have sufficient zones defined to fully account 
for the possible congestions (as in a nodal market) or accept the possibility of a market response 
that results in or exacerbates internal congestion. 

However, let us assume that we are unwilling to as far as introducing sub-zonal pricing. What 
alternatives are there? 

One possibility, and indeed the approach that is effectively used in the Netherlands where passive 
balancing is already used, is to build into the market design an option to disable passive balancing 
incentives where and when they are liable to cause problems. 

To see how this might work in practice, note that passive balancing is motivated fully by the 
combination of a single marginal imbalance price and the provision of real-time pricing information. 
If we instead moved to a dual price system in which helpful imbalances were not rewarded by an 
attractive imbalance price, but instead cashed out using the day-ahead or intraday energy price, we 
would remove the incentive to passively balance. This is exactly what happens in the Netherlands. 
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Specifically, whenever the SO issues balancing actions in both directions, a system of dual 
imbalance pricing results and removes the incentive to balance passively. By incorporating a ‘kill 
switch’ into the passive balancing incentive mechanism, passive balancing could be restricted to 
those areas and times in which it did not pose a risk to transmission planning. 

Turning to our earlier example, you might imagine the following implementation. Like the energy 
market, each bidding zone could potentially have its own imbalance price dependent on whether 
there was a binding transmission constraint between neighbouring zones. Where zones were split 
and had separate energy prices, they would also have separate imbalance prices. The imbalance 
price in any zone would typically equal the marginal cost of balancing energy procured in the relevant 
zone or group of non-congested zones. In addition, and because of the possibility of internal 
congestion within any individual bidding zone, a dual price system of imbalance charging would take 
effect in the event of binding internal congestion within the zone. 

In this specific case therefore, because there is a binding congestion constraint between Zone 1 and 
Zone 2, both zones would face their own imbalance price. In Zone 1, which is free of internal 
congestion, a single marginal price would apply. This (high) imbalance price would incentivise local 
passive balancing and contribute to the overall system balance. In Zone 2 however, the presence of 
binding internal congestion, as indicated for example by redispatch activity within the zone, would 
result in the implementation of a system of dual imbalance pricing and the effective removal of any 
incentive to balance passively. In this area, the SO would need to address the imbalance directly, 
taking account of the congestion issues present. 

Given this possibility, we conclude that a system of passive balancing could be incorporated into 
markets with internal congestion through the selective deactivation of passive balancing incentives 
where necessary. 

We have also considered to what extent the implementation of such a system might result in 
unintended consequences, especially if neighbouring zones could be predictably assumed to follow 
different imbalance pricing regimes, for example because one zone routinely suffered from internal 
congestion while the neighbouring zone did not. 

As a rule, and from the perspective of a BRP, it will be preferable for imbalances to occur in those 
zones with a single price, as payments from oversupply will generally offset payments due to 
undersupply. However, it is not clear that this preference will have any meaningful impact on market 
behaviour. A party with an expected imbalance that can move the imbalance across zones to exploit 
this difference could just as easily correct its physical notification to remove the imbalance entirely.12 

A more significant impact is instead likely to relate to the investment incentives facing variable 
generation capacity in different zones. Since the balancing costs facing such units are likely to be 
higher in persistently dual-priced internally-congested zones, this creates somewhat distorted 
investment incentives across different zones.13 Again, the ultimate solution in cases where internal 
congestion is persistent, as envisioned by this example, would be to formally split the zone so as to 
recognise the congestion directly in the price signal. 

Setting an imbalance price as part of a passive balancing strategy 

Setting a price to encourage efficient balancing is made difficult by two factors. First, only one 
imbalance settlement price can be used to incentivise passive balancing in any settlement period, 
but predictable imbalances will often reverse direction within a period. Second, since the SO will 
never know how much balancing it needs with certainty in advance, it must choose between setting 

                                                

12 Problems might occur if there was ex post trading of imbalances across zones, but we assume here that 
this is ruled out by the market design to avoid undermining appropriate balancing incentives. 
13 Arguably this is no bad thing but note that this disincentive effect would also apply to generation thinking 
about locating within the congested zone in such a way that it helped to relieve the internal congestion. 
Internally congested zones would just be made less attractive in general. 
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a price in advance that may subsequently be inappropriate, or asking BRPs to take balancing actions 
for an uncertain price that will only crystallise at the end of the settlement period. 

On the first of these problems, recall the deterministic imbalances shown in Figure 1-2 that result 
from the stepwise nature of scheduling. These imbalances will typically change directions over the 
course a settlement period. Passive balancing, which is incentivised by a single price for any 
individual period, cannot be used to address such imbalances.14 

In addition, the imbalance price used as part of a system of passive balancing should not reflect the 
cost and direction of balancing actions taken by a proactive SO to address these step imbalances. 
If it did, we might observe real-time imbalance prices that routinely switched from incentivising one 
response to incentivising the opposite response over the course of the settlement period. Since 
BRPs can only be settled against one price in any ISP, BRPs would grow to distrust the real time 
price signal and likely ignore it entirely in real time. 

We therefore assume that it is possible for the SO to identify, activate and flag the balancing actions 
needed to address forecast imbalances resulting from the stepwise nature of load schedules and 
thereby exclude these actions from the determinants of the imbalance price. The use of specialised 
products for production smoothing in the Norwegian context means that identifying actions designed 
to alleviate deterministic imbalances should be relatively easy, although the presence of such 
products is not in itself a guarantee that the stepwise imbalances are effectively dealt with in a 
manner distinct from other forms of imbalance. 

We are then left with stochastic balancing errors and other potentially forecastable errors, which we 
assume do not routinely reverse direction over the course of an ISP. As noted above, the assessed 
need for balancing energy to address these errors is likely to change during the balancing period. 
Most obviously, a plant may trip at any time during the relevant period. There are two ways in which 
the pricing mechanism could be designed given the need for real-time pricing information. 

One approach would be to fix the imbalance price at the start of each period based on the expected 
value of balancing energy in that period, for example based on any activations that have already 
been ordered and that extend into the relevant period. This approach would give BRPs certainty over 
the price in advance but would mean that any passive response to an event would be lagged until 
at least the start of the next ISP. In the case of an unexpected plant failure, the imbalance price for 
the settlement period during which the failure occurred would be unaffected, but the subsequent 
period’s price would jump to reflect the scheduled or ongoing balancing actions being taken by the 
SO. Given the nature of this system, it would not be possible for the SO to reign back an excessive 
passive response until the next period. This would make it especially important to use short 
settlement period and underlines the need for the SO to be able to accurately anticipate the scale of 
any passive response. 

Alternatively, the imbalance price might only be settled at the end of the period but determined 
mechanistically in such a way that its future value was predictable. For example, it could be set to 
equal the most expensive balancing action taken in the ISP and the market informed of the price of 
the most expensive action taken so far. This is essentially what happens in the Netherlands. This 
approach gives BRPs enough information to react (they can be reasonably sure that they will not get 
less than the amount shown15) and also enables an immediate price signal and response. 

                                                

14 Balancing products that are settled based on continuous pricing are possible but require the availability of 
continuous (high-frequency) metering data, which won’t be available for most users. As such, passive 
balancing is limited by the structure of the settlement process itself. 
15 One risk faced by BRPs under this approach would be an unexpected switch from single to dual pricing as 
a result of the need for counter-activation by the SO. For example, if the passive response were stronger than 
anticipated, the SO may have to start balancing activations in the opposite direction and potentially trigger a 
switch to dual imbalance pricing as discussed above. In that event, any contribution that the BRP made in the 
period might ultimately be settled using a less attractive price than it originally anticipated. The market design 
could incorporate measures to prevent this but ultimately the risk that the passive response is excessive needs 
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One might also consider to what extent the imbalance price should be mechanistically tied to the 
cost of SO balancing actions, and to what extent it might be decoupled and placed at the SO’s direct 
control as a more precise means to guide the passive response. While it might be tempting to think 
that maximising the SO’s control over the imbalance price would be the most efficient approach in 
the context of passive balancing, it should not be forgotten that an efficient passive response, 
assuming there is one, is likely to imply an imbalance price similar to what is being offered to other 
flexibility service providers. If it weren’t, the price difference would likely present opportunities to 
substitute higher cost providers facing one price with lower cost ones facing another. SO control of 
the imbalance price might also result in a tendency to avoid the use of passive balancing, despite 
the potential efficiency gains, given the challenge in anticipating the nature of response. Such a 
tendency would imply the use of imbalance prices that were very similar to the intraday price and 
might result in insufficient incentives being placed on BRPs to support system balance. These weak 
incentives would not minimise the overall cost of system balancing. 

5.4.2 Efficiency 

In the generic assessment of passive balancing’s pros and cons we concluded that adopting a 
passive balancing strategy had the potential to improve efficiency where it unlocked a balancing 
response from low-cost sources of flexibility that fell outside the control of the SO. However, these 
benefits could potentially be more than offset by costs associated with the additional complexity 
involved in simultaneously managing congestion and coordinating the aggregate balancing response 
across passive and SO-controlled activity. 

Looking at the Nordic market specifically and reviewing these aspects, it is clear that passive 
balancing is likely to be less attractive in the Nordics than in other regions. 

As alluded to above, the benefits of passive balancing rely on its ability to unlock lower-cost sources 
of flexibility. However, the absolute size of that untapped potential isn’t likely to be very large in the 
Nordics. Most obviously, the Nordic system is inherently flexible owing to the abundance of 
hydropower resources with reservoirs. As such, SO’s already have access to significant quantities 
of low-cost flexibility and the cost of balancing energy is relatively low as a result, limiting the scope 
to reduce costs further. In addition, and as noted previously, Statnett has already taken steps to 
open up its procurement processes to aggregators, likely limited the scale of resources that are 
willing, but unable, to contribute to system balancing through existing processes. 

Even if the above points were not true, it’s not clear that passive balancing could be used extensively 
to address imbalances, at least in Norway. First, and as discussed above, the presence of internal 
bottlenecks within zones means that passive balancing will probably need to be ‘switched off’ in 
many instances to enable location-specific balancing control on the part of the SO. Secondly, and 
as noted in section 5.2.2 over, the prevalence of HVDC interconnectors in the Nordics implies that 
resolving stepwise deterministic imbalances is likely to represent a disproportionally large share of 
balancing activity. However, passive balancing cannot usefully contribute to imbalances, like these, 
were the direction of the imbalance changes during a settlement period. 

Finally, the Nordic system’s multizonal nature means that it is particularly sensitive to the potential 
costs associated with the calculation of safety margins on cross-zonal capacity. Passive balancing 
may require these margins to be expanded on some borders, assuming that the nature of the passive 
response is somewhat uncertain, and this will have a comparatively large associated cost in the 
Nordics given the foregone value of cross-zonal trade. 

On the other hand, the use of a multizonal system is probably a prerequisite to achieving any 
significant value from passive balancing, since it implies that passive signals can be safely used in 
at least some congestion-free zones some of the time. Also, the using of distinct production 
smoothing products in Norway to deal with stepwise deterministic imbalances may make it easier to 

                                                

to be borne either by the SO or by the BRPs. With short settlement periods, this risk may not be so large as to 
undermine BRPs’ willingness to balance passively. 
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develop a balancing strategy that separately deals with imbalances from different sources, thereby 
lowering the potential transition costs associated with the adoption of a passive balancing strategy. 

5.4.3 Conclusion 

We conclude that passive balancing is feasible in the Nordics, but, overall, it is likely to be less 
attractive in the Nordics than in other settings. We cannot determine whether the adoption of passive 
balancing in the abstract is likely to be net beneficial or net costly in the Nordics. Ultimately, and as 
noted above, passive balancing implies both potential benefits and costs. The relative size of these 
will depend on the specifics of the proposal and would require a more detailed assessment of the 
expected scale of the impacts identified here before a reasonable assessment of the net impact 
could be determined. 

5.5 Summary 

We conclude that all of the balancing and redispatching strategies discussed in this report could 
feasibly be implemented in the Nordic context. In terms of efficiency, a multizonal market with 
proactive activation, like we have today, is likely to represent the most-efficient approach, at least in 
the short- to medium-run. With respect to the other dimensions, there may be scope to achieve 
further efficiency gains through the use of a more dynamic system of reserve procurement. The 
relative efficiency of a passive vs. SO-controlled balancing strategy is not clear. 

With respect to the inclusion of transmission constraints into the market clearing solution, the Nordic 
market design already incorporates the use of energy market bidding areas based on the presence 
of persistent bottlenecks. In the coming years, this representation of transmission feasibility will be 
further improved by the implementation of flow-based coupling, which more accurately represents 
real-world network limits. The inclusion of such network constraints in the market design gives rise 
to more efficient incentives and reduces the costs of redispatch. Although a nodal market would 
provide a more comprehensive representation of transmission constraints in the market-clearing 
solution, realising one in Europe would require both a radical redesign of European markets and the 
current model of market integration, as well as the likely the creation of a single European market 
model operated by a regional system operator. As such, a nodal market design is unlikely to be 
realisable  in Europe in the short- to medium-term. 

On a proactive versus reactive approach, Statnett already undertakes some form of proactive 
activation, for example through the use of production smoothing to help address anticipated 
deterministic imbalances. Its control strategy could undoubtedly become even more proactive, by 
making greater use of forecasts and anticipatory balancing actions, but these changes would reflect 
more of an incremental change to current practice than a fundamental challenge to the current 
market design. A proactive approach is attractive from an efficiency perspective in the Nordic context 
because it is well-suited to dealing with stepwise deterministic imbalances, which reflect a 
comparatively important challenge to system management due to the abundance of HVDC cable 
capacity relative to the overall size of the connected zones. 

A move to more dynamic reserve procurement is compatible with the overall principles of the Nordic 
Balancing Concept and a useful means of ensuring efficient reserve procurement within individual 
bidding zones, as implied by the Concept, but may have been held back historically by the presence 
of static reserve requirements in the agreements made among Nordic SOs. In general, dynamic 
reserve management is always likely to be preferred from a theoretical efficiency perspective, given 
its ability to make better use of updated information. 

Finally, passive balancing, though feasible, would be challenging to use effectively and would likely 
be less attractive in the Nordics, in terms of its potential efficiency benefits, than in most other 
regions. A consideration of the practicalities of a system of passive balancing imply that it would 
likely be necessary to switch off balancing incentives in zones with internal congestion. However, 
even where passive balancing incentives could be used, they could not be used to address 
deterministic stepwise imbalances, which change direction over the course of a settlement period, 
and any efficiency gain would ultimately be limited by the already low cost of balancing energy in the 
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Nordic region. If passive balancing imposed an efficiency cost, in terms of the need to maintain 
higher safety margins on cross-zonal capacity, it may well be less efficient than a strategy based on 
exclusive SO control. Ultimately, we cannot determine whether a system of passive balancing would 
be net beneficial in the Nordics, and the answer may well depend on the details of implementation. 
However, from a theoretical perspective, its advantages are far less apparent than for the other 
elements of the balancing and redispatch strategy discussed above. 

http://www.thema.no/


 THEMA-Report 2018-02 A study on balancing and redispatching strategies 

Page 67  THEMA Consulting Group 
  Øvre Vollgate 6, 0158 Oslo, Norway 
  www.thema.no  

6 REFERENCES 

APCS Power Clearing and Settlement AG. (2017). Anhang Ausgleichsenergiebewirtschaftung V 
17.00. 

APG. (2016). PRESSEINFORMATION Austrian Power Grid AG (APG) und OeMAG: 24/7 
Windvermarktung zur Reduktion von Regelenergiekosten . 

APG. (2017a). Annual Report 2017. Wien. 

APG. (2017b). Betriebliche Entwicklungen: Zunehmend angespannte Netzsituationen. Retrieved 
from https://www.apg.at/de/markt/2017/12/04/Redispatch-Entwicklung 

APG. (2018a). Explanatory Document zur Kostentragung der Regelreservekosten gemäß Electricity 
Balancing Guideline (EBGL). Wien. 

APG. (2018b). Netzentwicklungsplan 2018. Wien. 

Ardian, F. (2016). Empirical analysis of Italian electricity market. . Retrieved from 
https://pastel.archives-ouvertes.fr/tel-01563698/document 

Argus. (2017). Italian Energy Strategy 2017: outlook for power and gas. . Retrieved from 
https://www.argusmedia.com/-/media/Files/white-papers/italian-energy-strategy-white-
paper.ashx 

BDEW. (2018). Redispatch in Deutschland, Auswertung der Transparenzdaten. Berlin: 
Bundesverband der Industrie- und Wasserwirtschaft e.V. 

Blijswijk, M. v., & Vries, L. J. (2011). Managing Congestion in the Dutch transmission grid. 

Brunekreeft, G. (2015). Empirics of Intraday and Real-time Markets in Europe: The Netherlands. (D. 
-D. Wirtschaftsforschung, Ed.) Berlin. 

Bundesministerium für Nachhaltigkeit und Tourismus; Bundesministerium für Verkehr, Innovation 
und Technologie. (2018). Mission 2030 - Die österreichische Klima- und Energiestrategie. 
Wien. 

Bundesnetzagentur. (2017). Monitoringbericht 2017. Bonn: Bundesnetzagentur. 

Bundesnetzagentur. (2018a, November 2). Deutschland und Österreich führen 
Engpassbewirtschaftung ein. Retrieved from https://www.smard.de/home/topic-
article/426/9828 

Bundesnetzagentur. (2018b, October 12). Netzreserve. Retrieved from 
https://www.bundesnetzagentur.de/DE/Sachgebiete/ElektrizitaetundGas/Unternehmen_Inst
itutionen/Versorgungssicherheit/Netzreserve/netzreserve-node.html 

Bundesnetzagentur. (2018c, October 1). Pressemitteilung. Retrieved from Trennung der deutsch-
österreichischen Strompreiszone: 
https://www.bundesnetzagentur.de/SharedDocs/Pressemitteilungen/DE/2018/20181001_E-
Control.html?nn=265778 

Bundesnetzagentur. (2018d). Quartalsbericht zu Netz- und Systemsicherheitsmaßnahmen 
Gesamtjahr und Viertes Quartal 2017. Bonn: Bundesnetzagentur. 

Bundesnetzagentur. (2018e, October 12). Redispatch. Retrieved from Entwicklung der 
Redispatchmaßnahmen im deutschen Übertragungsnetz: 
https://www.bundesnetzagentur.de/DE/Sachgebiete/ElektrizitaetundGas/Unternehmen_Inst
itutionen/Versorgungssicherheit/Engpassmanagement/Redispatch/redispatch-node.html 

CBS. (2018). Trends in Nederland, Cijfers Energie. Retrieved October 31, 2018, from 
https://longreads.cbs.nl/trends18/economie/cijfers/energie/ 

CDU, CSU und SPD. (2018). Koalitionsvertrag zwischen CDU, CSU und SPD. Berlin. 

http://www.thema.no/


 THEMA-Report 2018-02 A study on balancing and redispatching strategies 

Page 68  THEMA Consulting Group 
  Øvre Vollgate 6, 0158 Oslo, Norway 
  www.thema.no  

Commission de Régulation de l’Énergie. (2018, June 14). Services système et mécanisme 
d'ajustement. Retrieved from https://www.cre.fr/Electricite/Reseaux-d-electricite/Services-
systeme-et-mecanisme-d-ajustement 

Commission de Régulation de l'Énergie. (2015). Evolution of ancillary services regulation; opening 
the possibility for new market players to participate in maintaining the system stability.  

Commission de Régulation de l'Énergie. (2016). Decision of the French Energy Regulatory 
Commission of 2 June 2016 concerning guidance on methods for the procurement of 
Frequency Containment Reserve for ancillary services. Retrieved from 
https://webcache.googleusercontent.com/search?q=cache:4o51LzGhNpsJ:https://www.cre.
fr/en/Documents/Deliberations/Orientation/frequency-containment-reserve-for-ancillary-
services+&cd=1&hl=no&ct=clnk&gl=no 

Commission de Régulation de l'Énergie. (2017, December 21). Roadmap on French electricity. 
Retrieved from ENTSO-E: 
https://docstore.entsoe.eu/Documents/MC%20documents/balancing_ancillary/2017-12-
07/20171207_French_Roadmap_on_Electricity_Balancing_3.pdf 

Consentec. (2014). Beschreibung von Regelleistungskonzepten und Regelleistungsmarkt. Aachen: 
Consentec GmbH. 

Deutsche Energie Agentur. (2013). dena Ergebnispapier: Die Entwicklung der Märkte für.  

ECCO International. (2017). BALANCING Market DETAILED DESIGN. Ispra: European 
Commission. Retrieved from 
http://www.admie.gr/uploads/media/Balancing_Detailed_Design_-
_Public_Consultation_201712.pdf 

Ecofys. (2018). ntwicklung von Maßnahmen zur effizienten Gewährleistung der Systemsicherheit im 
deutschen Stromnetz Maßnahmen zur Optimierung des operativen Stromnetzbetriebs - 
Endbericht . Berlin. 

E-Control. (2013). Das österreichische Strommarktmodell. Wien. 

E-Control. (2018). Gesamte Versorgung - Erzeugung eleltrischer Energie in Österreich. 

Elexon. (2018, June 25). Imbalance Pricing Guidance. Retrieved from Elexon Web site: 
https://www.elexon.co.uk/documents/training-guidance/bsc-guidance-notes/imbalance-
pricing/ 

Elia. (2017a). International Frequency Containment Reserve (Fcr) Cooperation: France Joining The 
Coupled Markets Of Austria, Belgium, Germany, Switzerland And The Netherlands. 
Retrieved from http://www.elia.be/en/about-elia/newsroom/news/2017/20170116-
International-Fre 

Elia. (2017b). Study on Paid-As-Cleared Settlement For Afrr & Mfrr Activated Energy. . Retrieved 
from http://www.elia.be/~/media/files/Elia/users-group/Working-Group-Balancing/Paid-as-
cleared/Paid_as_Cleared_FRR_Study_Final.pdf 

ENTSO-E. (2018a). Core TSOs’ proposal for the methodology for coordinated redispatching and 
countertrading. Retrieved from https://consultations.entsoe.eu/markets/core-tsos-proposal-
for-the-rd-and-ct-methodology/ 

ENTSO-E. (2018b). Imbalance Netting. Retrieved from 
www.entsoe.eu/network_codes/eb/imbalance-netting 

EPEX Spot. (2018a, October 11). Products. Retrieved from Intraday Continuous: 
https://www.epexspot.com/en/product-info/intradaycontinuous/intraday_lead_time 

EPEX Spot. (2018b, November 2). Intraday market with delivery on the Austrian TSO zone. 
Retrieved from https://www.epexspot.com/en/product-info/intradaycontinuous/austria 

http://www.thema.no/


 THEMA-Report 2018-02 A study on balancing and redispatching strategies 

Page 69  THEMA Consulting Group 
  Øvre Vollgate 6, 0158 Oslo, Norway 
  www.thema.no  

EPEX Spot. (2018c, October 31). Products Intraday continuous. Retrieved from 
https://www.epexspot.com/en/product-info/intradaycontinuous/the_netherlands 

EPEX Spot. (2018d). Intraday market with delivery on the French TSo Zone. Retrieved from 
www.epexspot.com/en/product-info/intradaycontinuous/france 

Essent NL. (2018, October 31). Ontwikkeling energieprijzen. Retrieved from Congestiemanagement 
impact op Tennet prijzen: 
https://www.essent.nl/content/grootzakelijk/marktinformatie/congestiemanagement.html 

Evans, S. (2018, February 2). Countdown to 2025: Tracking the UK coal phase out. Retrieved from 
Carbon Brief: https://www.carbonbrief.org/countdown-to-2025-tracking-the-uk-coal-phase-
out 

Fraunhofer ISE. (2018, October 11). Energy Charts. Retrieved from Installierte Netto-Leistung zur 
Stromerzeugung in Deutschland: https://www.energy-
charts.de/power_inst_de.htm?year=all&period=annual&type=power_inst 

Gianfreda, A., Parisio, L., & Pelagatti, M. (2017). Balancing markets performance: evidence for the 
Italian market. Retrieved from:. Retrieved from 
https://www.eeg.tuwien.ac.at/conference/iaee2017/files/presentation/Pr_428_Visconti%20P
arisio_Lucia.pdf 

Glismann, S. (2018, February 9). Market-based redispatch in the Netherlands. Berlin. Retrieved 
October 2018, 2018, from https://www.strommarkttreffen.org/2018-
02_Glismann_Markbasierter_RD_in_NL.pdf 

Henkel, J. (2016). Grid Challenges with Increased Renewables- Experience from 50Hertz 
Transmission GmbH, Germany. Tokyo. 

IEA. (2016). Energy Policies of IEA Countries: France – 2016 Review. Retrieved from 
https://webstore.iea.org/energy-policies-of-iea-countries-france-2016-review 

Lampropoulosa, I., Broek, M. v., Hoof, E. v., Hommes, K., & Sarka, W. v. (2018). A system 
perspective to the deployment of flexibility through aggregator companies in the Netherlands. 

LDK Consultants. (2013). Study on Development of Best Practice Recommendations for Imbalance 
Settlement. Kifissia: LDK Consultants. Retrieved from Kifissia, Greece: LDK Consultants.  

Linnemann, C. (2017). Aktuelle Entwicklungen bei der Regelenergie . 

Monopolkommission. (2013). Sondergutachten 65. Energie 2013: Wettbewerb in Zeiten der 
Energiewende . Bonn: Monopolkommission. 

National Energy Outlook. (2017). National Energy Outlook 2017. Retrieved October 31, 2018, from 
https://english.rvo.nl/sites/default/files/2017/11/National%20Energy%20Outlook%202017_S
ummary.pdf 

National Grid. (2017a, December). Product Roadmap for Frequency Response and Reserve. 
Retrieved from National Grid ESO Web site: 
https://www.nationalgrideso.com/sites/eso/files/documents/Product%20Roadmap%20for%2
0Frequency%20Response%20and%20Reserve.pdf 

National Grid. (2017b, June). System Needs and Product Strategy. Retrieved from National Grid 
ESO Web site: https://www.nationalgrideso.com/sites/eso/files/documents/8589940795-
System%20Needs%20and%20Product%20Strategy%20-%20Final.pdf 

National Grid. (2018, April 1). Balancing Principles Statement. Retrieved from National Grid ESO 
Web site: 
https://www.nationalgrideso.com/sites/eso/files/documents/Balancing%20Principles%20Sta
tement%20v16_Effective%20from%201%20April%202018.pdf 

National Grid ESO. (2018a, November 20). Reserve services. Retrieved from National Grid ESO 
Web site: https://www.nationalgrideso.com/balancing-services/reserve-services 

http://www.thema.no/


 THEMA-Report 2018-02 A study on balancing and redispatching strategies 

Page 70  THEMA Consulting Group 
  Øvre Vollgate 6, 0158 Oslo, Norway 
  www.thema.no  

National Grid ESO. (2018b, November 20). Transmission constraint management. Retrieved from 
National Grid ESO Web site: https://www.nationalgrideso.com/balancing-services/system-
security-services/transmission-constraint-management 

Oggioni, G., & Lanfranconi, C. (2015). Empirics of Intraday and Real-time Markets in Europe: Italy. 
. Retrieved from 
https://www.econstor.eu/bitstream/10419/111267/1/Report_1st_FPM_2015_Italy.pdf 

PJM. (2018, October 25). PJM Manual 11: Energy & Ancillary Services Market Operations (Revision: 
98). Retrieved from PJM Web site: https://www.pjm.com/library/manuals.aspx 

Regelleistung.net. (2018, October 31). Common tendering for primary control reserve. Retrieved 
from https://www.regelleistung.net/ext/static/prl?lang=en 

RTE. (2018a). Procured reserves. Retrieved from https://clients.rte-
france.com/lang/an/visiteurs/vie/reserve_ajustement.jsp 

RTE. (2018b). Generation forecast for the next day. Retrieved from:. Retrieved from 
https://clients.rte-france.com/lang/an/visiteurs/vie/prod/prevision_production.jsp 

RTE. (2018c). Rules relating to Scheduling, the Balancing Mechanism and Recovery of Balancing 
Charges. . Retrieved from https://clients.rte-
france.com/htm/an/offre/telecharge/20180801_MARE_Section-1_EN.pdf 

SmartNet. (2016). Ancillary service provision by RES and DSM connected at distribution level in the 
future power system. Retrieved from http://smartnet-project.eu/wp-
content/uploads/2016/12/D1-1_20161220_V1.0.pdf 

Sociaal-Economische Raad. (2015). The Agreement on Energy for sustainable growth, a policy in 
practise. 

TenneT. (2014). TenneT Market Review 2014. 

TenneT. (2016). The imbalance pricing system. Retrieved October 31, 2018, from 
https://www.tennet.eu/fileadmin/user_upload/SO_NL/ALG_imbalanceprice_3.6_clean_.doc.
pdf 

TenneT. (2017a). Product information mFRRda (incident reserve). 

TenneT. (2017b). TenneT Market review 2017. 

TenneT. (2018a, October 31). Balansverantwoordelijkheid. Retrieved from 
https://www.tennet.eu/nl/elektriciteitsmarkt/nederlandse-markt/balansverantwoordelijkheid/ 

TenneT. (2018b, October 31). Congestion Management. 

TenneT. (2018c). Flexibility Roadmap NL. 

TenneT. (2018d). Manual Bidding of Regulating and Reserve Power. 

TenneT. (2018e, October 31). Market-Based Congestion Management. Retrieved from 
https://www.tennet.eu/electricity-market/german-market/congestion-management/market-
based-congestion-management/ 

TenneT. (2018f). Product information aFRR. 

Terna. ( 2013). Build-up of Italian Power Market and Interconnections to Neighboring systems. 
Retrieved from http://www.gccia.com.sa/Data/PressRelease/Press_24.pdf 

The European Federation of Energy Traders. (2017a). Has the dream of the electricity balancing 
reform in France died again? Retrieved from 
https://efet.org/Files/Documents/Downloads/EFET_French%20balancing%20roadmap_171
02017.pdf 

The European Federation of Energy Traders. (2017b). CRE consultation on the balancing roadmap 
of the RTE green book. Retrieved from 

http://www.thema.no/


 THEMA-Report 2018-02 A study on balancing and redispatching strategies 

Page 71  THEMA Consulting Group 
  Øvre Vollgate 6, 0158 Oslo, Norway 
  www.thema.no  

https://www.efet.org/Files/Documents/Electricity%20Market/Spot%20and%20short-
term%20markets/EFET_CRE-consultation_B 

Umweltbundesamt. (2018). Erneuerbare Energien in Deutschland - Daten zur Entwicklung im Jahr 
2017. Dessau-Roßlau: Umweltbundesamt. 

XBID. (2018). XBID Information Package. . Retrieved from 
https://hupx.hu/uploads/Piac%C3%B6sszekapcsol%C3%A1s/181207%20XBID%20informa
tion%20package_updated.pdf 

 

http://www.thema.no/


Norges vassdrags- og energidirektorat

MIDDELTHUNSGATE 29  
POSTBOKS 5091 MAJORSTUEN  
0301 OSLO
TELEFON: (+47) 22 95 95 95

www.nve.no


