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I 

Market distortion in flexibility markets caused by renewable subsidies – The case for side pay-

ments by Jonas Höckner, Simon Voswinkel and Christoph Weber  

 

Abstract 

Strongly increasing costs of congestion management have provoked a discussion in Europe about 

new approaches to solve grid congestions in a more efficient way. One approach is to design 

flexibility markets. In this paper we focus on the effects of subsidies for renewable energy on the 

market outcome of a flexibility market. We show that subsidies can cause market distortions and 

lead to an inefficient selection of flexibility options to solve grid congestions. We propose the 

implementation of side payments together with price caps and uniform pricing to achieve an 

efficient market design. Ultimately choosing between flexibility markets with and without side 

payments involves a tradeoff between minimizing system costs and maximizing renewable in-

feed. Our analysis provides the framework for a conscious political choice on that subject. 
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Highlights: 

• Flexibility markets decrease congestion management costs by acquiring DSM options 

• RES can also offer flexibility by voluntarily curtailing power infeed 

• RES consider guaranteed subsidies as opportunity costs  

• RES bidding at opportunity costs can lead to inefficient and costly market outcomes 

• Side payments, price caps and uniform pricing lead to an efficient market design 
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1 Introduction 

The design of electricity markets has been subject to many discussions over the last decades. 

Especially, different approaches how to handle grid congestions in transmission grids caused by 

limited line capacities provoked debates between academics (Weibelzahl, 2017). The most fre-

quently compared concepts are nodal pricing, as it is predominant in the United States, and zonal 

pricing, which underlies the European market model.  

Many experts refer to nodal pricing as the optimal solution, because transmission constraints are 

directly reflected in the market outcome by differentiated prices at the various grid nodes 

(Bjørndal and Jørnsten, 2001; Ehrenmann and Smeers, 2005; Hogan, 1992; Neuhoff et al., 2013; 

Schweppe et al., 1988). In contrast, the European electricity markets are based on a zonal market 

model, where there are one or at most a few price zones per country. Since May 2015, the cross-

border capacity allocation in Central Western Europe is organized as flow-based market coupling 

and available cross border transmission capacities are auctioned implicitly based on a European 

load flow model (Felten et al., 2018; van den Bergh et al., 2016). In a zonal market, intrazonal 

congestions cannot be addressed efficiently by market splitting and grid operators need alterna-

tive congestion management methods like redispatch or countertrading to prevent congestions 

(Bjørndal and Jørnsten, 2007; Vries and Hakvoort, 2002). Several publications analyze the market 

results of zonal market models and different congestion management methods comparing it to a 

nodal market design (Bjørndal et al., 2003; Bjørndal and Jørnsten, 2007, 2001; Ehrenmann and 

Smeers, 2005; Holmberg and Lazarczyk, 2015; Oggioni and Smeers, 2013). 

Due to an extensive increase of distributed renewable resources and delayed network expan-

sions, the assumption of a copper plate within different price zones in Europe does not hold in 

many cases. This particularly applies to Germany, where high subsidies and a priority feed-in for 

renewable energy have been stipulated in the renewable energy law (EEG) which have led to a 

significant increase in renewable generation capacities. In combination with delayed grid expan-

sions, the German transmission grid is not yet capable of transporting huge amounts of wind 

power from the North to the load centers in the South (bdew, 2018). Additionally, high shares of 

renewables are connected to the distribution grid, which causes critical backflows to the trans-

mission grid in periods of high renewable infeed. Thus, the number of network congestions and 

the congestion management costs have increased drastically over the last years (compare Figure 

1). 
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Figure 1: Congestion management costs in Germany (bdew, 2018; Bundesnetzagentur, 2018b)  

Given the ambitious goals of extending renewable capacities, which will be primarily connected 

to the distribution grid, congestions on lower grid levels are expected to increase significantly. 

Thus, it is important to find new methods of congestion management that grid operators on all 

grid levels can apply. 

To describe the complex interaction between market and grid sphere, a traffic light concept has 

been proposed in Germany (bdew, 2013; Bundesnetzagentur, 2011). The green phase designates 

situations without binding grid constraints, so that no market interventions by the grid operator 

are required. In contrast, the red phase indicates an actual congestion which requires direct ac-

tion by the grid operator. German legislation enables the transmission grid operators to take these 

coercive measures and request the modification of conventional power plant schedules, that are 

initially based on the unrestricted market results. When these measures are exhausted and the 

congestion could not be averted, grid operators can curtail renewable infeed using Ein-

speisemanagement (EinsMan) as an ultimate measure. Compared to the set of measures that are 

available to transmission system operators (TSO), the distribution system operator’s (DSO) options 

to manage congestions are limited. Besides topological measures, DSOs are basically restricted 

to EinsMan.1 The idea behind the yellow traffic light is to enable new market-based approaches 

to efficiently prevent predicted congestions. This concept is in accordance with the strongly dis-

cussed proposal by the European Commission to use market-based mechanisms to resolve grid 

congestions (cf. Article 12 in European Commission, 2016; Hirth and Schlecht, 2018). The key 

aspect of the yellow traffic light is an intelligent interaction between grid sphere and market 

                                                
1 A new method which allows grid operators to contract controllable loads in the distribution grid has been 
recently introduced. Yet the formation of the statutory framework currently continues. 
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sphere to utilize flexibility options in the market (Aichele and Doleski, 2014; bdew, 2013). The 

phase explicitly addresses operators at all grid levels but has not been completely defined yet. 

An intensively discussed approach are smart markets which are at the heart of this paper (Bun-

desnetzagentur, 2011; Ecofys and Fraunhofer IWES, 2017). Smart markets serve the main purpose 

to acquire small-scale and decentral flexibility options, which are mainly connected to lower 

voltage levels, to enable secure grid operation in distribution grids (Ecofys and Fraunhofer IWES, 

2017; Kornrumpf et al., 2016). These markets can in principle be utilized by transmission grid 

operators as well and extend existing transmission grid services. 

According to Ecofys and Fraunhofer IWES (2017), two broad categories of smart markets may be 

distinguished (cf. Figure 2): on the one hand those, where flexibility is procured by the grid op-

erator and on the other hand approaches where quotas of available grid capacities are allocated 

to grid users and possibly traded by them on a secondary market. 
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Figure 2 Key categories and potential specifications of smart markets based on Ecofys and Fraunhofer IWES, 2017, 
p. 24 

In Germany, the project “Proaktives Verteilnetz” (proactive distribution grid) aims to demonstrate 

a quota based smart market (Wiedemann, 2017). Applying new approaches for distribution sys-

tem state estimation, the grid operator determines an individual and non-discriminatory power 

range per retail company. Thereupon each retail company can decide individually how to fulfill 

these restrictions most efficiently. The concept of a secondary trading platform for these flexibility 

calls is evaluated as well. 
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As examples of markets where flexibility is procured explicitly, the E-Energy projects2 imple-

mented manifold market platform solutions with the intention to integrate new decentral players 

to an innovative market setting (Karg et al., 2014). While “eTelligence” designed regional prod-

ucts that could be utilized by grid operators as ancillary services, the project “E-DeMa” developed 

a market to acquire new demand side flexibilities (Agsten et al., 2013; Koch et al., 2012). Fur-

thermore, “MeRegio” designed a hybrid model based on the idea of the capacity traffic light, 

which enables grid operators to tender the elimination of a certain grid congestion on a market 

platform (Karg et al., 2014).  

Apel et al. (2014) conceptually designed a flexibility market “RegioFlex” that enables system 

operators to access flexibilities in the system to prevent congestions. Currently, several projects 

of the SINTEG3 program further develop and demonstrate regional flexibility platforms in order 

to test new approaches to ensure secure grid operation with high shares of intermittent power 

generation (BMWi, 2016). The showcase enera, for example, implements a regional flexibility 

platform based on local order books in cooperation with EPEX Spot in order to set up regional 

ancillary services to manage grid congestions. 

This article focuses on smart markets designed as regional flexibility markets. We subsequently 

analyze the effects of subsidies for renewable energy sources on the outcome of a regional flexi-

bility market. We show that subsidies can cause market distortions and lead to an inefficient 

selection of flexibility options. We also discuss how external payments may solve this problem. 

The discussion is rooted in the specific German context in order to avoid lengthy discussions of 

the broad variety of regulations in place, yet we believe the results obtained can also be trans-

ferred to other legislations with renewable support schemes, zonal markets and congestion man-

agement issues in the distribution grid. 

The paper is organized as follows: In section 2 we describe the regional flexibility markets as 

underlying this paper. Actors and their incentives for participating in the flexibility market as well 

as distortions caused by subsidies and the resolution of these distortions are discussed in section 

3. An illustrative example is given in section 4, which demonstrates the problem of market dis-

tortions caused by EEG subsidies and how side payments can help with the solution. In section 5 

                                                
2 The E-Energy projects were funded by the Federal Ministry of Economics and Technology (BMWi) and 
Federal Ministry for the Environment, Nature Conservation and Nuclear Safety (BMU) and comprised six 
flagship initiatives (eTelligence, E-DeMa, MeRegio, moma, RegModHarz and Smart Watts), which focused 
on the ICT-based energy system of the future. 
3" “The Smart Energy Showcases - Digital Agenda for the Energy Transition” (SINTEG) is funded by the 
Federal Ministry of Economics and Technology (BMWi) and aims to set up large-scale showcase regions 
for developing and demonstrating model solutions that can deliver a secure, efficient and environmentally 
compatible energy supply with electricity being generated to a large extent from volatile sources such as 
wind or solar. The showcase projects are enera, WindNODE, C/sells, Designnetz and NEW 4.0. 
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we discuss the concept and implications of side payments and derive practical recommendations 

for future regulation. Finally, section 6 summarizes the results. 

2 Regional flexibility markets  

As discussed in section 1, one important category of smart markets is the regional flexibility mar-

ket. In this market, grid operators buy the flexibility they need to manage congestions from market 

participants, who in turn adjust the dispatch of their assets to conform to the trades they made on 

the market platform. 

In our analysis we consider a regional flexibility market structured according to this concept. 

Additional assumptions are that participation is open to any asset already able to participate in 

spot markets, but not mandatory. Further every participant can freely set bid offers as they see fit, 

with the system allowing free price formation as it is recommended by Ecofys and Fraunhofer 

IWES (2017) for wind dominated network areas. Therefore, assets are in competition with each 

other, the grid operator chooses the best options among the offers.  

For what follows, no assumptions are necessary as to the method by which effectiveness regard-

ing the removal of congestions is assessed or regarding the way regionality is established. 

We define flexibility as the deviation of actual power infeed (or withdrawal) from a previously 

planned baseline. Participants sell their willingness to deviate from the previously planned base-

line to the grid operator and in turn must then adjust the actual infeed or withdrawal from their 

assets. Additionally, participants whose bids are accepted need to buy or sell the energy on the 

spot market to keep the system balanced. 

regional flexibility 
market

spot marketgrid operator

asset owner

offers flexibility

demands flexibility

buy / sell energy 
to balance system

 

Figure 3: Interaction between grid operator, asset owner and flexibility / spot markets 
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3 Bidding behavior in the regional flexibility market 

3.1 Overview 

In any market, a market participant who has no obligation to participate will only conclude a 

trade if its (expected) profits exceed profits obtained under other marketing alternatives. Hence 

any flexibility provider in a flexibility market will base its bid into the market on opportunity 

costs, i.e. foregone profits from alternative operation and trading strategies. Therefore, the oppor-

tunity costs of flexibility providers must be considered in detail in order to determine their bidding 

behavior in the market.  

Especially opportunity costs of wind power plants are essential to consider, because they repre-

sent in principle a large potential of flexibility in future power system. In periods of excess pro-

duction, curtailing wind infeed is always an option – it is obviously not beneficial in terms of CO2 

emissions, but might be more cost efficient than other alternatives. Thereby, the market premium, 

which is an important part of the governmentally guaranteed remuneration, can induce market 

distortions and therefore has to be examined in more detail.  

The next sections will discuss the opportunity costs of different types of assets and in detail those 

of wind power plants. Afterwards, market distortions caused by the EEG-subsidies will be ana-

lyzed and solutions to these distortions suggested. 

3.2 Opportunity costs of demand-side flexibility 

For demand-side assets participating in the regional flexibility market, one must assume that care 

has already been taken to optimize their dispatch on the spot market. Therefore, any action taken 

to assist the grid operator in solving a problem it may have (e.g. a looming congestion), will take 

the asset in a direction away from its optimal dispatch.  

Opportunity costs of demand-side flexibility are hard to quantify. They include the costs of elec-

tricity at different times, marginal utility of dispatch and operational costs such as personnel. For 

the purposes of this paper we abstract from the actual opportunity costs and assume that the 

flexibility offered to the grid operator will have some price attached to it. Further the costs in-

curred by the grid operator when choosing this flexibility will correspond to the bid price of the 

asset, undistorted by savings elsewhere. 

3.3 Opportunity costs of generation-side flexibility 

Opportunity costs for generation-side flexibility are more easily determined than for demand-side 

flexibility. For increasing as well as decreasing dispatch they will be largely determined by fuel 

costs, offset by the revenue generated when selling (or buying) this additional (or now missing) 

energy on the spot market. 
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As with demand-side flexibility in section 3.2, we abstract from actual costs, and only assume 

that some sort of cost will be associated with a modification of their dispatch and hence de-

manded on the regional flexibility market. Also, as with demand-side flexibility, these costs in-

curred by the grid operator will be actual additional costs. 

3.4 Opportunity costs of wind power plants under the EEG regime 

Opportunity costs of wind power plants under the EEG regime are determined by a multitude of 

factors, ranging from feed-in tariffs to different scenarios for production and curtailment. In the 

following sections each of these factors will be examined in detail. 

3.4.1 Feed-in tariffs and remuneration by the grid operator 

Most wind power plants in Germany are subsidized in the EEG system. As of January 1st, 2016, 

all newly installed wind power plants above 100 kW nameplate capacity in the EEG system have 

to sell their energy directly on the spot market (§19 EEG, so-called “direct marketing”) as opposed 

to earlier systems, where marketing of the energy was done by the responsible transmission sys-

tem operator. To market the energy on the spot market, aggregators can be employed to minimize 

transaction costs for the individual asset owners. As it stands, only directly marketed wind power 

plants with or without subsidies in the EEG system can participate in a regional flexibility market 

of any kind. As by far the biggest part of wind power plants in Germany are subsidized in the 

EEG system, we will only consider wind power plants that are in direct marketing, remotely con-

trollable, and subsidized in the EEG system. The EEG system guarantees a feed-in tariff deter-

mined by the German Renewable Energy Act (§19 EEG in combination with §20 EEG). The guar-

anteed EEG tariff of a specific asset depends on several factors such as commissioning year and 

technical specifications.  

The remuneration for these power plants consists of two parts: spot market revenues and the so-

called market premium (MP), with the market premium intended to fill the gap between the guar-

anteed EEG remuneration and spot market revenues. The market premium is determined monthly 

for each asset as the difference between its specific EEG feed-in-tariff and a monthly market value 

(𝑀𝑀𝑉), which is an index calculated as a (wind-energy) volume weighted average spot price that 

is supposed to represent the average spot revenues made by selling the wind power at the spot 

market. Both, the market premium and the monthly market value, are determined ex-post, as 

market data is necessary for the calculation. 

3.4.2 Contracts between direct marketers and asset owners 

We assume there is a contract between asset owner and direct marketer, where the asset owner 

receives remuneration in the amount of the monthly market value from the direct marketer. To-

gether with the market premium received from the grid operator, the asset owner thus receives 
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the full feed-in tariff for each produced MWh of electricity. The direct marketer carries the market 

risk but can also keep all market income exceeding the MMV. We further assume that the grid 

operator only pays the market premium for actually, not potentially produced electricity; the same 

holds for the direct marketer who will not pay the asset owner if infeed is curtailed by the grid 

operator. However, the grid operator reimburses the asset owner for these lost revenues in case 

of EinsMan curtailment. If the direct marketer curtails the power plant outside EinsMan, it must 

reimburse the asset owner, as the grid operator will not pay the market premium for a voluntarily 

curtailed power plant. 

For the most part in our analysis, we treat the direct marketer and the asset owner as a single 

entity. The terms of contract between both parties only become relevant when talking about the 

reimbursements by the grid operator. In this case, it is important to note that we use as working 

assumption that the grid operator does not have an obligation to reimburse the direct marketer, 

but only the asset owner.4 We will point out the difference in the relevant parts of this paper. 

3.4.3 Unrestricted scheduling (green light) 

If no congestions have been identified, the wind power plant can feed in all generated electricity 

without restrictions. The direct marketer will receive the revenues from the sale of electricity due 

to direct marketing at the wholesale market (𝑝𝐷𝐴) and pays the MMV to the asset owner. Addi-

tionally, the grid operator will pay a market premium to the asset owner for every MWh fed into 

the network, such that the revenues of the wind power plant sum up to the warranted EEG tariff. 

The opportunity costs per MWh are 

𝑅𝑁𝑜𝑟𝑚𝑎𝑙 = 𝑃𝐷𝐴 + 𝑀𝑃 

The monthly market value does not feature in this equation, because it is paid by the direct mar-

keter and received by the asset owner. It is therefore an internal cash flow not of direct interest 

in this analysis. Given the green phase, the market premium is paid out of the so-called EEG 

account for which cash inflows are collected through the EEG levy from the electricity customers. 

These details are of considerable relevance when the overall system costs of flexibility markets 

are to be assessed (see section 5.1)  

3.4.4 Curtailment by EinsMan (red light) 

In case of a grid congestion, regulation allows the grid operator to curtail wind energy infeed as 

an ultimate measure (EinsMan, cf. section 1). In doing so, regulation stipulates that the grid op-

erator who is responsible for the curtailment has to compensate the asset owner for lost revenues 

                                                
4 This assumption is not uncontroversial. For a discussion see for example Bundesnetzagentur (2018a). 
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(𝐸𝐸𝐺).5 Under the assumption that the direct marketer sold the predicted wind power infeed on 

the spot market for a price 𝑃𝐷𝐴, additional costs arise for balancing because the balancing group 

manager has to offset imbalances caused by the unscheduled curtailment due to EinsMan oper-

ations. This can be done by purchasing energy at the intraday market or paying for balancing 

energy. In practice, there is often no time to balance at the intraday market so that costs for 

balancing energy incur (𝑃𝐵𝐶). Consequently, the opportunity costs per MWh can be described as 

𝑅𝐸𝑖𝑛𝑠𝑀𝑎𝑛 = 𝑃𝐷𝐴 − 𝑃𝐵𝐶 + 𝐸𝐸𝐺 

= 𝑃𝐷𝐴 − 𝑃𝐵𝐶 +  𝑀𝑃 + 𝑀𝑀𝑉 

The MP and MMV are paid by the grid operator as compensation for lost revenues directly to the 

asset owner, bypassing the direct marketer. The MP is paid as compensation, because payment 

of the “normal” MP depends on actually produced energy. The MMV has to be paid because the 

asset owner does not get remuneration for the curtailed energy from the direct marketer, and the 

MMV therefore constitutes lost revenues (see section 3.4.2). 

3.4.5 Flexibility market (yellow light) 

The auctions of the platform are held intraday with a lead time long enough for flexibility pro-

viders to modify their mode of operation and offset imbalances at the intraday market (for a 

price 𝑃𝐼𝐷). If the wind power plant already sold the power on the day ahead spot market (𝑃𝐷𝐴) 

and then successfully offers voluntary curtailment in the flexibility market (for a price 𝑃𝐹𝑀), the 

revenues sum up to   

𝑅𝐹𝑀 = 𝑃𝐹𝑀 − 𝑃𝐼𝐷 + 𝑃𝐷𝐴 

To participate in the flexibility market, the direct marketer has to receive at least the opportunity 

costs of the marketing alternative. In case of a congestion, the alternative would be EinsMan and 

the opportunity costs would be determined as explained in section 3.4.4. Therefore, the mini-

mum price that the direct marketer has to receive to participate in the flexibility market is as 

follows: 

𝑅𝐹𝑀 =  𝑅𝐸𝑖𝑛𝑠𝑀𝑎𝑛 

 ⇔ 𝑃𝐹𝑀 − 𝑃𝐼𝐷 + 𝑃𝐷𝐴 =  𝑃𝐷𝐴 − 𝑃𝐵𝐶 +  𝑀𝑃 + 𝑀𝑀𝑉 

𝑃𝐹𝑀 =  𝑃𝐼𝐷 − 𝑃𝐵𝐶 +  𝐸𝐸𝐺 

                                                
5 §15 EEG defines that the compensation shall cover 95% of lost revenues plus additional expenses minus 
saved expenses. If lost revenue exceeds 1 per cent of the annual revenues, the amount will be fully com-
pensated from that date. For simplicity, we will calculate with 100% and it is assumed that wind power 
plants have no saved expenses in case of curtailment. 
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Note, that the grid operator would compensate the asset owner rather than the direct marketer 

for lost revenues in the EinsMan. The direct marketer “inherits” this responsibility from the grid 

operator when it decides to curtail the infeed voluntarily, as explained in section 3.4.2. 

The formula above highlights that the direct marketer must cover the EEG remuneration that the 

asset owner would otherwise receive from the grid operator if the plant were curtailed through 

EinsMan. Additionally, it might be willing to accept less than the full EEG tariff, because com-

pared to EinsMan the direct marketer saves part of the costs for balancing energy (𝑃𝐼𝐷 − 𝑃𝐵𝐶) by 

balancing on the intraday market compared to the costs of buying balancing energy, which is the 

normal case in EinsMan.6 Furthermore, the direct marketer might have some additional costs or 

savings when curtailing itself voluntarily as opposed to forcibly. We introduce a term 𝐶𝑎𝑑𝑑 which 

is specific to each direct marketer and can be positive or negative to represent those additional 

costs or savings. In our further considerations we will simplify the equation by specifying that  

𝑃𝐹𝑀 =  𝑃𝐼𝐷 − 𝑃𝐵𝐶 +  𝐸𝐸𝐺 + 𝐶𝑎𝑑𝑑 

= 𝐸𝐸𝐺 − 𝑋 

= 𝑀𝑃 + 𝑀𝑀𝑉 − 𝑋. 

The bid price is therefore the plant-specific EEG tariff corrected by an additional X-term, the value 

of which will be determined by the direct marketer.  

3.5 Distortions caused by EEG subsidies 

As seen in section 3.4.5, the bid price for wind power plants in the EEG scheme with direct 

marketing is based on the plant-specific EEG subsidies. In the following we show that the grid 

operator incurs part of these costs regardless of whether the wind power plant produces normally, 

is curtailed by EinsMan, or voluntarily reduces output because of its commitments in the flexibil-

ity market. 

While producing normally, cash flows from the grid operator to the wind power plant and direct 

marketer per MWh are 

𝐶𝐹𝐺𝑂,𝑛𝑜𝑟𝑚𝑎𝑙 = 𝑴𝑷. 

If curtailed by EinsMan, cash flows from the grid operator to the wind power plant and direct 

marketer per MWh are 

𝐶𝐹𝐺𝑂,𝐸𝑖𝑛𝑠𝑀𝑎𝑛 = 𝑴𝑷 + 𝑀𝑀𝑉. 

                                                
6 This is under the assumption that the direct marketer does not try to game the system by profiting of 
balancing energy. 
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In the flexibility market the bid price per MWh of the direct marketer (expecting EinsMan as the 

alternative) would be 

𝑃𝐹𝑀 = 𝑃𝐼𝐷 − 𝑃𝐵𝐶 + 𝑴𝑷 + 𝑀𝑀𝑉 + 𝐶𝑎𝑑𝑑 

and this is the basis for the cash flow from the grid operator to the direct marketer if the bid is 

selected. It is apparent from these equations that the market premium is a fixed part of cash flows 

from the grid operator to the wind power plant / direct marketer. From an overall economic point 

of view, the grid operator should not consider the market premium for renewables when selecting 

flexibilities based on the merit order because it will be paid anyway: Either 

1. the wind power plant is not running, and the grid operator must pay the market premium 

as part of congestion management (as compensation in case of curtailment, or implicitly 

as part of the bid price in case of voluntary shut downs) or  

2. the power plant is running, and the market premium must be paid as EEG remuneration.  

From an economic perspective, the market premium is paid either way and thus should not be 

included in the calculus when the optimal congestion management flexibilities are chosen. Con-

sequently, an alternative flexibility option will only decrease overall costs when it is cheaper than 

renewable flexibilities excluding the market premium. 

The merit order of flexibility options is biased if wind power plants with market premia of different 

amount and / or other flexibility options without market premia bid in the same market. These 

uncorrected merit orders are sources of bias because they are including factors which should not 

be relevant for the decision about which flexibility options to contract. 

Three effects can be distinguished: 

1. Shifts in the merit order within the group of wind power plants because of different market 

premia. This leads to an inefficient selection of wind power plants to contract because 

the market premium will be paid either way and should not play a role when choosing 

flexibility options. 

2. Shifts in the merit order between wind power plants and other flexibility options, which 

make wind power plants look more expensive than they are compared to alternatives. 

3. The grid operator will not be able to judge how much it should be willing to pay for 

flexibility in lieu of EinsMan curtailment because it does not know the real (effective) cost 

when choosing flexibility options. 

These distortions can be avoided by paying the market premium independently of the bidding 

decisions of the direct marketer – then it is not part of the opportunity cost considerations of the 

direct marketer which consequently does not include it in its flexibility offer. Adjusting the merit 
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order of the flexibility market can hence ensure that the grid operator will find the overall eco-

nomic optimum when selecting flexibilities based on the merit order. We suggest the implemen-

tation of side payments, which exclude market premia from the flexibility market as described in 

section 3.6.  

3.6 Side payments resolve distortions 

As detailed in section 3.4.5, the reason for direct marketers to include the market premium in the 

bid price on the flexibility market is that it “inherits” the responsibility to remunerate the asset 

owner if it voluntarily curtails the wind power plant, because the grid operator will only com-

pensate the asset owner if the wind power plant is running or “forcibly” curtailed by EinsMan. 

There are therefore two ways to enable the direct marketer to not include the market premium in 

the bid price: 

1. Pay the asset owner regardless of whether the wind power plant is voluntarily curtailed 

or not. 

2. Add an additional payment equaling the market premium to the direct marketer when 

contracting voluntary curtailment on the flexibility market. 

As there are other reasons to voluntarily curtail the wind power plant (e.g., scheduled or un-

scheduled maintenance) for which the grid operator should not reimburse the asset owner with 

the market premium, payment should be coupled to a contract on the flexibility market. We will 

refer to such payments as side payments. They will be paid retroactively to qualifying EEG sub-

sidized power plants taking part in the flexibility market for each unit of flexibility sold. Because 

of the introduction of guaranteed side payments, which cover parts of the opportunity costs ex-

plained in section 3.4.5, renewable flexibility providers will decrease their bids in competitive 

markets by the same amount. Consequently, the market premium will be externalized from the 

flexibility market and an undistorted flexibility merit order is obtained. All bids then represent 

true additional costs incurred by the grid operator. 

The next section will give examples of the effect side payments (and a lack thereof) have on the 

merit order of flexibility options. 

4 Application and results 

Based on the considerations in section 3, we construct an example to illustrate how flexibility 

markets can contribute to congestion management. We compare the results of congestion man-

agement without a flexibility market, which is basically EinsMan, i.e. renewable curtailment, to 

the market results of a flexibility market with and without side payments. In this comparison we 

focus on overall system costs and the energy infeed of renewables.  
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4.1 Case description 

Given that our focus is on congestion management, we disregard all cost and revenue streams 

related to energy spot markets, as these stay constant, and consequently system costs only include 

costs for congestion management plus the EEG remuneration of renewables since the latter may 

be affected by the congestion management. In doing so, one must be careful when adding up 

these different cost components, since the costs of congestion management are financed by net-

work charges whereas the costs for supporting EEG plants are paid out of the EEG account. In this 

section both cost components will be treated as part of system costs, but they are analyzed more 

in detail from a grid operator’s perspective in section 5.2. 

Table 1 details a situation where the grid operator predicts a congestion at a transformer of the 

distribution grid that it can manage using five different flexibility providers in a market area.  

Table 1 Available flexibility options. Total needed flexibility is 3 MW, available flexibility per plant is 1 MW. 

Name Type MMV MMV +- X MP Other 

RES 1 Wind Onshore 35 35 30  

RES 2 Wind Onshore 35 30 45  

RES 3 Wind Onshore 35 20 60  

Other 1 non-RES    15 

Other 2 non-RES    60 

 

In the example, three different wind farms may offer to curtail power infeed voluntarily on the 

market at opportunity costs as well as two other plants which can adjust their load / infeed, the 

details of which are not important for the example.7 For simplicity, we assume that all actors can 

offer a flexibility of 1 MW and the grid operator’s flexibility demand is 3 MW. For the wind farms 

the table shows the monthly market value, which is the same for all wind onshore plants. Another 

column details the monthly market value offset by a value “X” which represents any markup or 

a markdown from the total feed in tariff, such that  

𝑃𝐹𝑀 = 𝐸𝐸𝐺 − 𝑋 =  𝑀𝑃 + 𝑀𝑀𝑉 − 𝑋. 

The “X” sets wind power plants apart from each other in the flexibility market and may represent 

risk premia, expected cost savings or any other factors. 

4.2 Curtailment via EinsMan 

Today, no market-based instrument allows the distribution grid operator to make use of industrial 

loads or the storage flexibilities to manage congestions. That is why the grid operator would fall 

back on EinsMan and curtail the wind infeed as illustrated below.  

                                                
7 The costs of these actors are fictitious and do not necessarily represent the true opportunity costs of 
comparable real assets. 
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Figure 4 Merit order of flexibility options and costs in the EinsMan curtailment 

On the left side of  Figure 4 the merit order of the EinsMan measures is shown. Efficient EinsMan 

would select the power plant with the lowest EEG tariff first for congestion management, followed 

by the second and third cheapest flexibilities. To successfully avert the grid congestion, all wind 

power plants must be curtailed resulting in EinsMan costs of 240 €. This amount corresponds to 

the overall costs since no market premia for operating wind power plants must be paid. At the 

same time, it is the benchmark to assess the market result of the flexibility platform. 

4.3 Flexibility market without side payments 

The introduction of a flexibility market enables the grid operator to contract flexible loads and 

batteries for congestion management. Due to the inclusion of new and cheaper flexibility options, 

the merit order is changed as shown in Figure 5. In this case, revenues from the flexibility market 

must cover opportunity costs of renewables as described in section 3.4.5. Thus, the bids must 

correspond approximately to the foregone EEG remuneration. Non-renewable flexibilities in con-

trast are assumed to bid at marginal costs.8 If non-renewables can bid at lower costs than EEG 

remuneration, EEG-power plants move to the right in the flexibility merit order. 

                                                
8 For a discussion of strategic bidding see section 5.4. 

Costs for flexibility

Name Type MMV MP other

RES 1 Wind Onshore 35 30

RES 2 Wind Onshore 35 45

RES 3 Wind Onshore 35 60

Costs for running RES

Name Type MMV MP other

Total relevant system costs

Type Value

Congestion management 240

Running plants 0

Total 240

35 35 35

30

45

60

RES 1 RES 2 RES 3

monthly market value market premium

Demand for flexibility: 3 MW
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Figure 5 Merit order of flexibility options and associated costs on a flexibility market 

In the example, Other 1 as cheapest flexibility option would be selected first, followed by 

Other 2. To solve the congestion completely, the grid operator can limit curtailment to only the 

cheapest of the wind power plants (RES 1). This results in congestion management costs summing 

up to 140€.9 However, since the power plants RES 2 and RES 3 generate power and are compen-

sated in accordance with §19 EEG in combination with §20 EEG, the market premium is paid to 

these units and has to be considered in a system perspective. This finally adds up to overall costs 

of 245 € which leads to an increase of system costs compared to the reference case of EinsMan 

despite decreasing congestion management costs. 

4.4 Flexibility market with side payments  

Contrary to the previous example, in this example the wind power plants RES 1, RES 2 and RES 3 

receive their individual market premium as a side payment if they successfully bid in the flexibil-

ity market. Thus, their bids do not have to fully cover the EEG tariff plus mark-up but only the 

MMV adjusted for X  

𝑏𝑖𝑑𝑓𝑙𝑒𝑥
𝑤𝑖𝑛𝑑 = 𝑀𝑀𝑉 + 𝑀𝑃 − 𝑋 = 𝑀𝑀𝑉 − 𝑋 

Consequently, the merit order changes significantly as shown in Figure 6. Now, the wind flexi-

bilities are cheaper compared to Other 2 and the grid operator would select Other 1, RES 2 and 

RES 3 to manage the congestion. This results in congestion management costs of 170€. These 

costs consist of the payments for accepted bids on the market (Other 1 and the two wind power 

flexibilities) and the side payments for RES 2 and RES 3, which the grid operator will pay out after 

determination of the market premium. 

                                                
9 Note that we assume that the market clears on a pay-as-bid basis. For a discussion of market clearing 
rules see section 5.4. 

Costs for flexibility

Name Type MMV +- X MP other

RES 1 Wind Onshore 35 30

Other 1 non RES 15

Other 2 non RES 60

Costs for running RES

Name Type MMV MP other

RES 1 Wind Onshore

RES 3 Wind Onshore 60

RES 2 Wind Onshore 45

Total relevant system costs

Type Value

Congestion management 140

Running plants 105

Total 245

15

60

35
30

20

30
45

60

Other 1 Other 2 RES 1 RES 2 RES 3

costs other than market premium market premium

Demand for flexibility: 3 MW
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Figure 6 Merit order of flexibility options and associated costs on a flexibility market utilizing side payments 

Given this scenario, RES 1 feeds in power without restrictions and its market premium must be 

paid additionally, leading to overall system costs of 200€ - a new minimum. 

Three significant changes result from the introduction of side payments compared to a flexibility 

market without side payments: 

1. Overall system costs decrease significantly, since all arising cost components are reflected 

adequately in the decision of flexibility selection. It should be noted that, although overall 

system costs decrease, costs of congestion management increase slightly. 

2. Flexibilities provided by renewables improve their position in the merit order. This leads to 

more curtailment of renewable power. 

3. The position of the renewable plants within their “group” change. While RES 1 was the 

cheapest option before, it is now the most expensive because its “X” is smallest. This illus-

trates that once the individual market premia stop distorting the bids, individual cost factors 

of the plants become relevant.  

5 Discussion 

Table 2 provides an overview of the considered cases. Several aspects are worth noting and will 

serve as basis for further discussions. First, markets without side payments minimize congestion 

management costs while overall system costs can be even higher than in case of EinsMan. In 

contrast, a flexibility market with side payments can lead to an efficient selection of flexibilities 

from an overall system perspective, at the same time resulting in higher congestion management 

costs than achieved without side payments. Consequently, there is a trade-off between the mini-

mization of congestion management and overall system costs when choosing the best market 

design. This problem has to be examined in more detail. Additionally, the introduction of side 

Costs for flexibility

Name Type MMV +- X SP other

Other 1 non RES 15

RES 2 Wind Onshore 30 45

RES 3 Wind Onshore 20 60

Costs for running RES

Name Type MMV MP other

RES 1 Wind Onshore 30

RES 2 Wind Onshore

RES 3 Wind Onshore

Total relevant system costs

Type Value

Congestion management 170

Running plants 30

Total 200

15
20

30
35

60

Other 1 RES 3 RES 2 RES 1 Other 2

costs other than market premium market premium

Demand for flexibility: 3 MW
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payments leads to lower renewables infeed compared to a flexibility market without side pay-

ments. Lastly, the interplay between market clearing rules and bidding strategies of flexibility 

providers is investigated in more detail. 

Table 2 Summary of associated costs in the example cases 

 

5.1 Congestion management vs overall system costs 

The introduction of a flexibility market decreases congestion management costs compared to 

EinsMan in both cases, both with and without side payments (-70€, respectively -100€). This is 

logical because system operators can apply new and cheaper flexibilities to manage congestions. 

It is also clear that congestion management costs in a market without side payments are lowest 

because the grid operator can select flexibilities with the lowest absolute costs, which the grid 

operator must compensate itself.  

However, in a market without side payments, the market premium has a great effect on the se-

lection of flexibilities, although the market premium has to be paid anyway. Therefore, a market 

without side payments, even though it leads to the lowest costs of congestion management, may 

induce higher overall costs than curtailment via EinsMan when considering congestion manage-

ment and EEG cost as shown in previous sections (EinsMan: 240€, Market without SP: 245€). In 

order to prevent the grid operators from making market decisions based on non-influenceable 

cost components, side payments are introduced. In this case, the overall costs are minimized 

because the cheapest flexibilities which are having an actual impact on the overall system costs 

are selected.  

5.2 Grid operator’s perspective 

Since grid operators are acting for their own account, they are likely to prefer a market outcome 

which minimizes their own cost, namely congestion management costs, rather than overall sys-

tem costs. Minimizing congestion management costs in a market without side payments would 

lead to lower network fees and relieve the grid operator’s customers. Given that the minimization 

of congestion management costs can entail higher overall system costs, this comes along with a 

transfer of costs to all customers via a higher renewable levy. From an overall system perspective, 

higher EEG-levy payments for all consumers would overcompensate the lower network charges 

for a few customers of a certain grid operator – at least in an electricity system like the German 

one with multiple distribution grid operators.  

Type funding source EinsMan Market w/o SP Market w/ SP

Congestion management Grid tariff 240 140 170

Operating EEG plants EEG account 0 105 30

Total Costs 240 245 200

RES infeed in MW 0 2 1
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Here incentives for grid operators should be aligned so that they are incentivized to choose the 

solution with the lowest overall cost. This is also true for the more general issue of incentives to 

minimize congestion management costs. If those are considered as pure pass-through item as in 

the current German regulation, the incentives to implement flexibility markets are very limited. 

Yet a detailed discussion of regulatory approaches in that field is beyond the scope of this paper.  

5.3 Renewables infeed 

Since flexibility providers ask for compensation of the whole feed-in tariff as opportunity costs, 

the bids in the market without side payments are quite high and renewable flexibilities are ex-

pensive compared to other flexibility options. That is why without side payments, the wind power 

flexibilities would be selected last by the grid operator which leads to the highest renewable 

infeed possible in our example (2 MW). With the implementation of side payments, the market 

prices for flexibility from renewables are lower. That is why renewable flexibilities would be 

selected more frequently and the infeed of renewables would decrease, in our numerical example 

to 1 MW. 

However, compared to currently used EinsMan, the infeed of electricity generated by renewables 

increases in both variants of flexibility markets. This is a consequence of new demand-side flex-

ibility options being made available for congestion management through the introduction of the 

flexibility markets. 

In the end, it is hence a political choice, which flexibility market design is preferred. The choice 

then reflects a tradeoff between overall costs and the maximization of renewable infeed, which 

should be made consciously and not just as an unintended side effect. 

5.4 Market clearing rules and bidding strategies 

So far, the discussion has focused on the cost impacts of the different flexibility market designs. 

Thereby the pricing and other market clearing rules of the flexibility market have been disre-

garded. Yet one may wonder about the pricing implications of the different market designs and 

this requires a consideration of the market rules and related agent behavior. 

Basically, two alternatives may be considered for the pricing rule: uniform pricing (also called 

pay-as-cleared) or pay-as-bid (or discriminatory pricing). Whereas auction-based energy spot 

markets typically use uniform pricing, pay-as-bid has been prevalent in the German and other 

reserve power markets. At first sight, pay-as-bid has the advantage that the buyer (in our case the 

grid operator) does not pay more than requested by the sellers. Yet this reasoning does not con-

sider that sellers will adapt their bidding strategy to the clearing rules. Academic literature indi-

cates that uniform pricing rules provide more incentives for cost-based bids whereas pay-as-bid 
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leads to “guess-the-price” type bidding behavior (e.g. Wolfram, 1999, Newberry and McDan-

iel, 2002, Cramton, 2017). Under perfect competition and complete information it may even be 

proven that the two auction formats lead to the same result ( Müsgens et al., 2014). Hence bidding 

at marginal costs is no valid assumption in a pay-as-bid market design and independently of the 

auction design in flexibility markets, the grid operator as buyer will pay more than the cost of the 

bidders. This is visualized in Figure 7 for the case of uniform pricing – which is at identical 

marginal bids the upper bound for prices under pay-as-bid. 

 

Figure 7 Uniform pricing in markets without and with side payments and resulting  

If there is moreover only a limited number of bidders, those may bid strategically and exert market 

power. In this setting, it is important to ensure that the system costs are not higher than under the 

traditional command and control strategy of EinsMan and that at the same time there are sufficient 

incentives for market entry. This calls for a market design combining the following three elements: 

• Uniform pricing, 

• Clear price caps to avoid costs in excess of EinsMan, 

• Side payments. 

The two main arguments for uniform pricing are that bidding is simpler for small market partici-

pants since they can bid their marginal costs instead of having to guess the price and that the 

incentives for putting strategic bids are lower (since they only occur for marginal units). The price 

cap is required to ensure that the market provides economic benefits, and the side payments 

make setting this price cap both easier and more efficient. The discussion in section 3.5 has 

shown that the market premia MP must be paid independently of the market design as well as 

under EinsMan. Under EinsMan, the additional payment to all curtailed EEG units is the monthly 

market value MMV. Therefore, this is the price cap to be used in the flexibility market with side 

Other 1 Other 2 RES 1 RES 2 RES 3

Without Side Payments

costs other than market premium market premium operating margin

Demand for flexibility: 3 MW

Other 1 RES 3 RES 2 RES 1 Other 2

With Side Payments

costs other than market premium market premium operating margin

Demand for flexibility: 3 MW
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payments.10 This ensures that the system costs in this market design do not exceed the cost of the 

conventional approach.11 Furthermore, congestion management cost will not exceed the corre-

sponding cost under EinsMan. For the flexibility market without side payments, setting the price 

cap is not as easy since it will depend on the mix of EEG units curtailed under EinsMan and the 

corresponding MP. If this is established correctly, the congestion management cost may be kept 

under the EinsMan cost, yet this is not true for the system cost as established previously. Figure 7 

even illustrates that the operating margins earned in a market without side-payments may be 

substantially higher than with side payments – i.e. the distributional effects are stronger, with the 

flexibility providers as beneficiaries and the consumers (via grid fees and EEG levy) as the losers. 

On the other hand, the limited operation margins in flexibility market with side payments still 

provide incentives for market entry. 

5.5 Coping with uncertainties 

Side payments are intended to counter distortions in the market by removing the market premium 

from the bid price of renewable flexibilities. This is complicated by the fact that the values of the 

individual market premia are unknown at the point of bidding, because they are calculated as 

the difference between the monthly market value of the given renewable power source and the 

individual power plants EEG feed-in tariff. 

Consequently, the direct marketers as well as the grid operators have to predict the monthly 

market value. The direct marketer has to predict the MMV because it provides the base line for 

its bid price. The grid operator has to predict the MMV to determine the price cap in order not to 

exceed EinsMan costs. 

This raises the question, what effect uncertainties with respect to the MMV have on the market. If 

both the direct marketers as well as the grid operator are risk averse, they may place uplifts on 

their bids and discounts on the price cap, respectively. This reduces the leeway for market clear-

ing since even if both the grid operator and the direct marketers predict the same MMV bids may 

be placed above the price cap. 

One possible solution could be for the grid operator to announce a “benchmark MMV” before 

the flexibility auctions. Rather than calculating the side payment based on the actual (later) es-

tablished MMV, the side payment would be calculated using the benchmark MMV. The direct 

marketers could be sure that they will be paid the complete EEG-tariff if they bid the benchmark 

MMV. Of course, this approach also informs other market participants about the price cap set by 

                                                
10 This obviously implies that EinsMan is used as recourse action if the number of bids on the flexibility 
market below the price cap is insufficient. 
11 Here obviously the costs of setting up and operating the market are disregarded (as are the cost of the 
conventional EinsMan) and it is assumed throughout that all bids have the same effectiveness with respect 
to congestion relief – although a generalization is possible to bids with different sensitivities. 
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the grid operator and they may adjust their bids accordingly – yet under uniform pricing the 

inframarginal bids do not have an incentive to do so.  

Further research should be done on the benefits and possible drawbacks of such signaling as well 

as on alternative solutions to cope with uncertainties.  

6 Conclusion and policy implications 

This paper analyses key design elements for flexibility markets based on theoretical considera-

tions. Compared to conventional congestion management methods like the curtailment of re-

newables (e.g. EinsMan), flexibility markets can provide the opportunity to include new flexibility 

options and thereby reduce costs for congestion management. However, our analysis also shows 

that renewable flexibilities bidding at opportunity costs can lead to an inefficient and costly mar-

ket outcome under the current regulatory framework. This market distortion is related to the pay-

ments made to renewable units if they are curtailed. These potential revenues are then included 

into the opportunity cost on which bids into the flexibility market are based.  

To avoid this distortion, we recommend taking the following actions:  

A1. Implementation of side payments. The size of the side payments should correspond to 

the so-called market premium paid to the renewable unit, since this payment is due 

anyway – either as renewable support payment if power infeed is unlimited, or as part 

of the compensation if the renewable unit was curtailed due to a congestion. These side 

payments are triggered whenever renewable units submit bids to the flexibility market, 

and these are selected by the grid operator. In this case, the grid operator’s optimal flex-

ibility selection on the market results in an overall system cost minimum.  

A2. Payments of market premia (and side payments) from the EEG account in case of con-

gestion management. To make such a market design attractive for grid operators who 

aim to minimize their congestion management costs, we suggest paying the market 

premia from the EEG account not only for operating units but also in case of congestion 

management. This would externalize the market premia as cost components from the 

grid operators’ calculation and thus incentivize it to choose the solution with the lowest 

overall cost. Finally, the funding of market premia from the EEG account would prevent 

unwanted distributional effects between consumer groups that would occur if a single 

grid operator minimized its congestion management costs, and thus the network charges 

for its customers, at the expense of rising EEG levies for all consumers. 

A3. Implementation of uniform pricing and a price cap to limit strategic behavior in flexi-

bility markets. The flexibility market should be based on uniform pricing and include a 

price cap in order to limit incentives for strategic bidding. Setting the price cap to the 
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level of the monthly market value can ensure that the market outcomes are beneficial 

compared to a conventional command and control approach.  

Furthermore, there are necessary political decisions to be made: 

D1. Tradeoff between system costs and renewable infeed. The introduction of a flexibility 

market with and without side payments decreases the curtailment of renewables by ac-

quiring new flexibility options. While the flexibility market without side payments de-

creases renewable curtailment the most, it brings along high overall costs (in some cases 

even higher than in case of EinsMan). The renewable infeed in case of a flexibility market 

with side payments may be lower than in case of no side payments, yet it achieves a 

market outcome at minimum overall system costs. 

D2. Regulatory treatment of flexibility costs. How to treat flexibility costs as part of conges-

tion management is still an open question. If – as in the current German regulation – 

congestion management costs such as EinsMan reimbursements are considered as pure 

pass-through items, the incentives to implement flexibility markets are very limited. 

Flexibility markets can contribute to the efforts to implement market-based congestion manage-

ment measures as demanded by the European Commission. The actions we have specified and 

the necessary political decisions we have identified contribute to the efficient design of such 

flexibility markets. 
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