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ABSTRACT 

Existing electricity markets assume for trading and 

pricing a restriction-free power grid. The congestions 

within the existing power grid cannot be mapped within 

current markets so far. Driven by this shortcoming and 

the increasing number of decentralized energy resources 

causing increasingly more grid congestions, the model of 

flexibility has been introduced. A flexibility market using 

it is commonly considered necessary to operate an 

efficient electricity grid.[1,2] Using flexibility, grid 

expansion can be delayed or even avoided. Currently, 

various flexibility models are discussed.  

Within this paper, the properties of the two major 

flexibility model variants  “regional intradayplus 

market” (RIM)” and “quota in proactive distribution 

grids (PDG)” are considered. The flexibility market 

offers opportunities and risks to system management of 

the concerned distribution grid, which will be examined 

in this paper. Finally, the necessary scope of further 

investigations is presented. 

INTRODUCTION 

The German government’s climate targets lead to further 

growth in DER and electric mobility. The possibilities to 

fulfil the requirements include grid expansion and 

optimization as well as feed-in management. Feed-in 

management is only permitted during critical grid 

situations and therefore only usable in a few cases. The 

feed-in management does not represent an economically 

optimal solution. [3] A new approach to face the 

challenges are flexibility markets or smart markets. 

Flexibilities can be used to prevent cost-intensive 

conventional grid expansion. [1, 2, 4] 

 

Due to the different challenges in each bottlenecked grid  

and the different interests of the stakeholders concerned 

also different models of flexibility emerge. These models 

are being tested in various projects. Reliable statements 

and evaluations, which model will prevail, are currently 

not possible. Most flexibility models are still under 

development and therefore insufficiently detailed. 

Therefore, their impact on the system cannot be fully 

determined yet. However, an estimate of it on the future 

grid operation and systems needed is already feasible and 

necessary. [5] 

 

At present, two different main principles are pursued for 

coordination between market and grid. On the one hand, 

this is the open market model, in which the grid operator 

must act in the market. [6] On the other hand, there is the 

principle of quoting, in which the grid operator sets a 

mostly mandatory quota, which must be complied by the 

concerned grid users. If successful this will avoid any 

congestion or result in grid management otherwise. The 

grid users can voluntary participate in a secondary 

market, which will deliver an efficient, non-

discriminatory way to find the most efficient way to fulfil 

the quota. [7, 8] 

 

Depending on the different types of pricing, payment 

obligations and the responsible regulator different 

requirements are imposed on the grid operator. Using the 

example of the models open market and the secondary 

market quota model, the resulting requirements for the 

DSO and their grid management tasks are presented and 

compared to each other. 

 

The central question that motivates this paper is: What 

effects do flexibility market models have on the design of 

distribution grid management and systems?   

VALUABILITY AND PROPERTIES OF 

FLEXIBILITY MARKET MODELS 

The following section describes the properties that can be 

used to classify flexibility models. Some attributes of 

these properties have a direct effect on the grid 

management tasks and systems.  

 

A study divides characteristics into core principles, 

stakeholders, product definition and pricing or passing 

on. [6] In comparison to the study, different properties 

are extended. The deviations and reasons are described 

below. Figure 1 shows in blue the properties described by 

the study and in orange the additional properties. The 

additional properties needed according to the authors’ 

opinion are explained below:    

 

Information on the scope should also be part of the main 

features of the core principle. A distinction must be made 

whether a model acts purely bilaterally/ only locally or 

whether there is a holistic approach. [5] Furthermore, the 

scope also includes the definition of flexibility phases 

(traffic light model) and the associated permissible 

actions. [9] 
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Figure 1: properties of flexibility models (extended version based on [6] ) 

 

The flexibility model must include the type of offered 

products. Flexibility can be clustered into the areas of 

flexibility according to grid capacity and flexibility of 

local energy production. [4] These different types of 

flexibility can lead to conflicts of interest between its 

market-oriented and grid-oriented application.  

 

With regard to pricing and pass-on, the potential for 

misuse should be considered. Artificial shortages or 

provoking network bottlenecks with subsequent trading 

of flexibility can artificially raise prices. This potential 

for misuse cannot be ruled out in all models up to now.  

 

Physical properties should be included as a new group of 

characteristics. Previous studies considered at the 

physical level only to the platform. Communication and 

information paths as well as grid requirements such as 

required measurement systems, plant networking and 

bottleneck calculations are not or only subordinatedly 

considered. [10] This is a particularly difficult situation 

for DSO, as the effects on the grid expansion 

requirements and the systems can only be estimated with 

a high degree of uncertainty. Further considerations of 

the physical properties of the models help to reduce these 

uncertainties.   

FLEXIBILITY MARKET MODELS 

In the following, concrete variants of the open market 

model and a secondary market quota model will be 

considered. 

Open market model 

EDSO, 2015 indicates that DSOs should be given the 

option of flexibilities, provided that there are sufficient 

market participants in the relevant section of the grid. 

Should there not be any sufficient participation, 

individual contracts should be concluded with the 

generators. [11] 

 

The open market model is a fully market-driven model. 

In practical application grid operators must actively 

acquire flexibility in the market. This is the preferred 

manner to eliminate e.g. bottlenecks. If there is no 

flexibility available, systems must continue to be 

regulated on the basis of the applicable laws as 

commonly applied today. This means application of 

technical grid management processes including limitation 

of grid users. [5, 6, 12] 

 

Under normal conditions every grid operator must firstly 

try to act on the market. Therefore, a new communication 

regime to the market has to be established. This regime 

must provide a proper mechanism to represent local 

congestion areas to be remedied using flexibility. From 

the economic perspective by these means local markets 

are created according to the congestion areas. 

 

For this purpose a new system component must be 

introduced. The corresponding data must be available and 

disclosed accordingly. This adds another task, that must 

be taken into account in every scheduling process. When 

problems arise or are emerging, such as grid bottlenecks, 

grid operators must search the market for suitable 

products and purchase them.  

Secondary market quota model 

The secondary market quota model is a more grid-

centered model. This takes into account, that only one 

grid operator is responsible for each area. A quota is 

calculated and communicated to the grid users, which 

limits the market activity to a grid compatible level. As a 

consequence even stricter constraints than resulting from 

the grid of concern may be imposed by lower or higher-

level system operators due to their own congestions.  to 

the entity implementing this function is not yet defined. A 

concept called Flex-Router describes a separate 

implementation outside the market and system operator. 

[13] 
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The grid users can then carry out a trade, while the grid 

operator can concentrate on its existing processes. The 

advantage of the "proactive distribution grid" model is 

that no individual plants are quoted, but a power band is 

specified in which the plants concerned can trade with 

each other. In the existing studies, this is more preferred 

than voluntary quota models. [14]  

Comparison of the main properties of the models 

Overall, both flexibility models are dependent on the 

accuracy of the grid state-forecasting. Preventive actions 

can only be planned if bottlenecks are known at an early 

stage and as precisely as possible.  

 

The properties of  open market models based on 

“regional intradayplus market” (RIM) and a quota model 

from the Project “Proaktives Verteilnetz - proactive 

distribution grid” (PDG) are using the above properties. 

Currently PDG is favoured by the German federal 

association of energy and water economy, BDEW. The 

subsequently described model variants can be regarded as 

an example and guideline, since other characteristics 

would also be possible, depending on the interpretation of 

the corresponding model (see Table 1). [6, 8, 12, 15]   

 

Some of the properties mentioned above classify the 

model but have no effect on the system management. An 

example of this is the pricing category. These properties 

are not considered in the following. 

 
Table 1: properties of the selected example models 

 Open market 

“RIM” 

Quota model 

“PDG” 

core principle   

coordination market quota 

participation voluntary voluntary 

regionality market region specific 

Scope holistic holistic 

product 

definition 

  

contracting short time long time 

product type energy product energy product 

Stakeholder   

roles DSO on Market DSO set quota 

Physical 

properties 

  

platform/ 

interface 

Centralized decentralized 

The regional reference in PDG considers the grid users 

directly by using the sensitivities and problem ID. In the 

open market models aggregated market regions are 

assigned. The scope and the obligation to participate are 

similar in the models.  

Essential differences can be seen in the basic 

understanding of the tasks of the DSO: While PDG does 

not regard it as the task of the DSO to be an active market 

participant also in the sense of unbundling, RIM aims an 

active purchase and use of flexibilities. In comparison in 

case of congestions PDG is limiting flexibility trading to 

a grid compatible level, whereas RIM is possibly 

increasing it due to remedial flexibility trading. From the 

revenue perspective the drivers in both models differ. The 

PDG basically an alternative to grid management to a 

DSO. Flexibility providers in the area of concern 

however need to comply with the quota in order to avoid 

grid management decreasing their revenue. Consequently 

they are hedging their revenue losses.  

In contrast to this the RIM offers additional revenue 

opportunities to flexibility providers via grid flexibility. 

Being paid by a DSO this means on the other hand  that 

the DSO has not only to deal with acting on the RIM but 

also has to make sure that total costs of flexibility will not 

exceed the potential annual costs of grid expansion. This 

in a way is a natural limit for RIM flexibility costs. 

The above also results in the difference in contracting 

periods due to different interests. A DSO is dependent on 

long-term contracts and rather acting collaterally due to 

its strong asset commitment. A platform operator such as 

EPEX SPOT is driven by the interests of traders, who 

benefit from flexibility and short-term trading - which is 

also reflected in the open market models. [12] 

 

The comparison shows the different advantages and 

disadvantages depending on the point of view (market or 

grid). A first conclusion is that flexibility adds 

complexity to system operations, which must also be 

manageable by the system operator in order to benefit 

from grid driven use of flexibility.  

RELEVANCE FOR GRID OPERATION 

For the system operator, the use of flexibilities makes 

sense if the bottleneck cannot be remedied by other 

methods and a grid expansion has either not yet been 

completed at the required time or is not directly 

implemented for economic reasons. However, in any case 

grid expansion is an important aspect to consider as it is 

occurring slowly but definitely due to aging assets. 

Consequently a DSO over time has to periodically choose  

between applying flexibility regimes and physical asset 

expansion. 

 

In order to keep all strategic opportunities  it is important 

to ensure the implementation and use of flexibility for the 

grid and that it is used as optimally as possible. For this 

purpose, different new processes are required.  

 

New processes and functions are needed to determine the 

need for flexibility, regardless of the specific model. 

Depending on the model, the need for flexibility is then 
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addressed: The quota model determines the quota. In the 

open market, suitable flexibility is sought on the market 

platform. These newly required processes therefore 

include determining the need for flexibility. On the one 

hand, this requires an optimized grid state prognosis. On 

the other hand, improved weather forecasts and forecasts 

of user behaviour can be guaranteed. The data 

management should be optimized to be able to use self-

learning algorithms. This should improve the quality of 

the forecasts.  

 

In addition, a new function should be developed to 

compare the predicted state and the "flexibility 

requirement" based on it as well as the actual situation 

and states after a certain period of time and to optimize 

the use of Flex based on this. From trading already 

carried out, one should learn when and how flexibilities 

should be allocated. 

 

The introduction of the open market initially means that 

the role of the grid operator will be expanded and that it 

must now also act on the market. In addition to their tasks 

of managing the grid, system operators also have to 

browse through offers of flexibility, identify suitable ones 

and act accordingly. Therefore, new and for the DSO 

unknown tasks with regard to flexibility allocation and 

optimized use as well as the creation and implementation 

of emergency strategies in the event of insufficient 

flexibility are particularly important for the DSO.  

 

In the quota system, the grid operator must define the 

permissible limit of the grid users in an appropriate 

manner. Doing so, the operator must ensure non-

discrimination and choose a quota that does not unduly 

limit the problem. In principle, these requirements are 

easier to implement than those needed for permanent 

action in the open market.  

STRATEGIC PLANNING  

Based on the SWOT methodology, the following section 

describes the effects of the flexibility markets on the core 

business of DSO according to the models currently under 

discussion. Table 2 shows the open market valuations 

with RIM and those of the quota model with PDG.  

 

Regarding the open market models the stronger trading 

and the inclusion of grid concerns is an economic 

opportunity to reduce grid problems. Independently of 

this, it should be possible to plan ruling out grid problems 

and evaluating the economic viability. The weakness 

must be compensated by exchanges with experts from 

energy trading areas and projects to determine the need 

for flexibility. One risk is that the market activities must 

be considered in addition to the original DSO tasks. This 

results in higher expenditure in the long term. It must also 

be borne in mind that the flexibility market can only be 

used for network purposes if a sufficient number of 

flexibility providers participate. This can only be solved 

by appropriate consideration in regulation, e.g. 

mandatory participation.  Suitable methods for estimating 

the flexibility markets as a decision-making aid for 

operative system planning should be researched. 

 
Table 2: SWOT of open market and quota model 

Strengths Weaknesses

Th
re

at
s

O
p

p
o

rt
u

n
it

ie
s

RIM: DSO often has to react 
quickly – actions on market in 
short-term are also possible

PDG: Principle procedure already 
implemented in feed-in 
management

RIM: DSO has so far had no 
experience in trading, no 
experience with regard to the 
need for flexibility

PDG: non-discriminatory division 
of the quota between aggregators 
must be implemented based on 
determinded methods 

RIM: incentives must be 
obtained

PDG: Participation obligations or 
incentives must be obtained

RIM: long-term plannig is no 
longer possible, but react more 
quickly to changes without search 
for new solutions

PDG: long-term quota could be 
reduced to shorter to follow the 
rapid changes in grid

 
 

The quota model is more in line with the  traditional 

concerns of the grid operator. The use of flexibility in the 

form of a specification of maximum values delays or 

prevents the expansion of the grid. Such a limitation of 

performance is already known in principle from feed-in 

management. 

A risk with the quotation is that the restriction is too 

strong and available power is not used. However, this can 

be optimized by continuous checking. 

 

On the basis of the analysis it can be stated that the quota 

model is more similar to the already known processes of 

the system operator. Thus the system operator can focus 

on his original tasks and does not get any ones off his 

core ones. However, the opportunities offered by the 

open market model should be taken into account and the 

quota system should therefore be applied on a short-term 

basis or serve as restrictions for flexible market regions. 

A new model that makes use of the opportunities offered 

by both main categories should be considered and the 

effectiveness of the three model types tested by means of 

simulations.  

CONCLUSIONS AND OUTLOOK  

The DSO usually has a natural monopoly position and 

flexibilities have a rather local impact. Consequently, 

there can be several providers but only few grid-oriented 

users of the flexibilities. In the case of a planned grid-

oriented use of flexibility, the DSO must therefore be 

able to locate flexibility in the grid and not in a market 

region. 

In order to better identify the effects of the market 
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models, the characteristics with which they are defined 

were described. Two fundamentally different models 

emerged: the open market models and the quota models. 

The characteristics of an open market model and a 

quotation model were compared as examples and new 

tasks for the network management processes were 

identified. A SWOT analysis shows the strategic 

development areas created by the two main model types. 

 

The market-based approaches discussed are more suitable 

for achieving an efficient price level for users. The 

quotation is more in line with the needs of the DSO. In 

order to satisfy both sides equally, the advantages of both 

models should be combined. An approach for such a 

model is to be developed for example within the research 

project DESIGNETZ from the SINTEG. An evaluation 

which characteristics should be pronounced and how in 

order to achieve a high benefit for all participants is 

useful and should be carried out in the further research. 

Until a final model has been defined, the development of 

network management processes and systems should focus 

on optimising network forecasting and identifying the 

need for flexibility as accurately as possible. 

 

Finally, before a comprehensive introduction of a 

flexibility market is introduced, care should be taken to 

ensure that no assessment of misuse potentials has so far 

been possible due to a lack of definitions. 
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