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Along with the design process for flexibility procurement, it is important to create a level-playing field for 

players in the LFM, in which the role of the DSOs can be more related to procure flexibility. Some examples in 

Belgium and Germany include operational schemes, under which newly installed generation units’ profit from 

reduced network tariffs, by allowing the DSO to curtail their power output if necessary. For such grid-oriented 

use, the DSO is the single buyer while flexibility aggregators can compete on the seller side.   

The aggregator can mobilize flexibility values from the DER owners via, either implicit or explicit response 

mechanisms [18]. While the implicit mechanism is price-based to reflect the variability of network costs and 

market prices, the explicitly one is defined as one or more products on the energy and/or ancillary service 

markets and traded as such. In this case, remuneration depends on the (explicit) delivery of the product 

flexibility [19]. 

2.2 TSO – DSO Flexibility trading 
TSO–DSO coordination is essential to ensure an effective exploration of flexibility resources, that can be traded 

in different markets (local and wholesale). An integrated approach is expected to maximize the value from 

flexibility resources, minimize the number of different bidding processes for procuring ancillary services. This 

aims also to prevent any market party from creating voluntarily a local problem and being paid afterwards for 

solving it. Hence, the design of the local market should consider this TSO–DSO interaction in a way, that the 

transactions at the local level should be reported to the TSO.  

Besides sharing data and information to counteract potential deviations from the schedules between the TSO 

and DSOs, creating a single marketplace would reduce the number of different bidding processes and limit the 

possibility of arbitrage between different markets. A challenge is to create a common ground for both, the 

TSO’s needs (balancing, frequency regulations) and DSO’s needs (local congestion management, voltage limit 

violations).   

An example for this TSO-DSO flexibility trading is the Grid Operators Platform for Congestion Solutions 

(GOPACS)1 which is a joint force among the Dutch DSOs (Stedin, Liander, Enexis and Westland Infra), TSO 

TenneT and the intraday trading platform ETPA (Energy Trading Platform Amsterdam). Based on price 

spreading between buyers and sellers (BRP) in the intraday market, as well as (local) connection specification, 

GOPACS can combine (optimize) the orders to solve congestion problems in a so-called intraday congestion 

spreads (IDCONS), as illustrated below [20]. 

 

                                                            
 

1 https://gopacs.eu/ 

https://gopacs.eu/
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Figure 2-3: Illustration of a congestion spread in GOPACS. 

The grid operators can activate intraday bids with a specific connection point to solve a congestion problem. 

3 Local flexibility markets: scientific and industrial strides 

The development of LFM is considered as a different form of market-based re-dispatch, i.e. local markets for 

flexibility, using balancing products for congestion management, locational intraday order book etc. In this 

section, associated development activities are briefly discussed from the scientific and industrial perspectives. 

3.1 Scientific state of the art on flexibility procurement 
With the growing fluctuation in supply and demand at the residential level, demand flexibility plays a significant 

role in the energy transition.  That is to say, consumers need to be more flexible in their energy consumption 

to accommodate more variable generation and to alleviate the network peak demands [21], [22]. To this end, 

an extensive body of literature has been developed focusing on the flexibility of residential and commercial 

end-users, incorporating flexibility arrangements with diversified scopes, architectures and involved actors. On 

the one hand, these include centralized methodologies for residential or neighbourhood energy management 

[23], system balancing [8], distribution congestion management [24], [25] and voltage control [26], [27]. On 

the other hand, distributed frameworks have also been widely studied involving agent-based architecture and 

local flexibility markets [28], [29], combined with efficient computational intelligence. Centralized approaches 

determine control actions based on data gathered at a central location and have the advantages of taking the 

whole network into consideration. However, these approaches are not particularly scalable, due to data 

transfer and computational limitations. Moreover, they are vulnerable to technical failures, since control 

actions are performed from a single controller. On the contrary, decentralized or distributed approaches aim 

at dividing the task into several smaller ones and exploit locally available information with limited 

communication. As the intelligence is distributed among different points in the network, these approaches are 

more robust to failures. Thus, distributed approaches can be particularly suitable for large-scale problems with 

scalability issues. Nonetheless, the distributed controllers lack the global view of the system, and hence may 

not be able to reach the global optimum solution [30], [31]. 

From the network operator's perspective, exploiting flexibility can be an efficient and cost-effective alternative 

for large-scale network reinforcements. In liberalized electricity markets, small-scale consumers and producers 

can offer flexibility by participating in the energy market through market entities like aggregators. The offered 

flexibility is traded in different price or incentive-based market settings and is incorporated in demand 

response (DR) programs.  
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Conventionally, the concept of DR expresses the price elasticity of the electricity demand and facilitates shifting 

of demand, based on certain price changes. According to the US Department of Energy, DR can be defined as 

changes in electric usage by end-use customers from their normal consumption patterns in response to changes 
in the price of electricity over time, or to incentive payments designed to induce lower electricity use at times 
of high wholesale market prices or when system reliability is jeopardized [32]. In this report, DR is the changes 
in consumption or generation behaviour of the end-users in response to price signals or incentives sent by 
market entities and network operators upon violation of specific network constraints.  

It is important to note that, network issues such as thermal overloading and voltage limit violations are related 

to particular network assets and are therefore confined within certain areas. On the other hand, in liberalized 

electricity markets, aggregators or energy suppliers are not limited by geographical boundaries, since the end-

users are free to choose their respective suppliers. In addition, all stakeholders of the smart grids have various 

optimal strategies and behaviours to operate their generation sources and consumer appliances. While a DSO 

may put forth effort to reduce the power losses and capacity issues, the energy supplier/retailer may 

encourage the customers to maximize the demands; in-turn the consumers may be sensitive to the price 

signals from the power market to accordingly adjust their power consumption or even production. Thus, DR 

programs that aim to resolve operational challenges of the network must be designed considering the 

conflicting interests of the involved actors as well as by addressing the locational issues [33], [34]. 

3.1.1 Market-controlled DR 
Since the regulatory framework inhibits DSOs to influence small-scale end-users, market-controlled DR 

programs are used to procure flexibility through market parties like aggregators, using different price signals. 

Such market-based DR programs employ a variable electricity tariff for different times of the day, while 

consumers are expected to manage domestic energy consumption, considering the varying levels of the price. 

These mechanisms inherently influence load shifting from peak hours to less congested time intervals during 

the day and thereby facilitate peak shaving for network operators. The price levels may differ at predefined 

time periods or dynamically throughout the day. For instance, in many European countries, day-night tariff 

schemes have been implemented with a lower price during the nights and weekends. Since the price levels are 

adjusted in order to invoke demand flexibility, market-based DR programs are often termed as ‘price-based 

DR schemes.’ Variants of such price-based schemes include time-of-use (ToU) pricing, critical peak pricing 

(CPP), day-ahead dynamic tariffing, real-time pricing (RTP) etc [35]–[37]. 

Price-based DR programs can be easily scalable and do not usually hamper consumer privacy. However, 

controversies exist concerning the fairness of such mechanisms, as the same price levels are provided to the 

consumers with different consumption levels. A lower price level also encourages the switching of more loads, 

which may result in overloading network components [36], [38]. Furthermore, most of these market-oriented 

approaches aim to resolve market issues and hence have effects on a global scale. Therefore, addressing local 

network issues through varying price levels requires additional complexities in terms of determining the price 

elasticity, locational dependence and other factors. 

3.1.2 Incentive-based DR 
Incentive-based DR programs encourage end-users to alter energy consumption following flexibility requests 

or contractual agreements, coupled with monetary compensations. In most cases, a centralized entity is 

responsible for the determination of appropriate flexibility requests and corresponding incentives. The 

program administrator is usually provided with some degrees of authority to regulate the power flow at the 
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The locational granularity in these markets will in the existing initiatives be defined by the grid operators and 

needs to be in line with the uses cases requirements, hence the purpose of the flexibility use. For example, in 

Enera, targeting mainly the integration of huge wind power feed-in, the so-called locational order books are 

setup for 23 individual market areas in the full demo region. These market areas are the smallest granularity 

foreseen and represent grid topological areas, where the assigned flexibility resources would have similar 

sensitivity to tackle a potential congestion in that area.  

The integration with existing market levels is key to ensure that flexibility providers can serve the requests 

from different market levels and stakeholders, wherever they could fulfil the requirements. This leads to higher 

liquidity in the markets, increased cost-efficiency and could (indirectly) facilitate market access of small-scale 

flexibility resources to up-stream market levels. 

Some of the existing initiatives collaborate with operators of upstream markets, such as Nord Pool in NODES, 

EPEX SPOT in Enera, OMIE in IREMEL and also GOPACS has a collaboration with an intraday market platform 

(ETPA) ongoing. 

In the NODES framework, the platform will serve as gateway to other marketplaces, at times where the value 

of this flexibility is higher there than on local level – namely on the ID market for BRPs or serving the TSO for 

balancing purposes. Although, if there is need for flexibility locally, NODES expect the ID price to be cheaper 

since on local level, there will be much fewer alternative offers. Further, flexibility providers may differentiate 

in NODES whether they wish to sell locally or to a central marketplace.  

The Enera scheme is much less specific to that respect: the link to the ID market is used for rebalancing 

purposes and the market design is designed inline with the ID market, but a full integration in a sense that the 

flexibility offer could be placed on other market levels in parallel is not described.  A similar logic is followed 

by the developers of the GOPACS platform, using the ID market link for rebalancing, which is explained in the 

next paragraph. 

The approach in IREMEL differs from the other initiative with regards to the creation of a local market, only 

“upon demand”. The DERs, offering flexibility, would participate in ID and DA markets in periods where there 

is no restriction set by the respective DSO. Just in case DSOs identify and report restrictions to OMIEs market 

platform, the DERs would be associated with the local market platforms.  

Further differences between the existing initiatives can be identified regarding rebalancing: The term 

rebalancing describes the compensation of the imbalance that would result from the activation of positive or 

negative flexibility on a local market. Hence, each e.g. positive flexibility activation on a local market, needs to 

be compensated by negative flexibility outside this local market.  

This process of rebalancing is intrinsic part of the GOPACS scheme, as each flexibility activation needs to be 

combined with an opposite order outside the congested area and a further check is foreseen to exclude that 

this measure is not causing additional issues. 

Under NODES, the rebalancing can either be done via a similar opposite trade on ID market or could be 

compensated by the seller own portfolio. Also, Enera mentions a “compensating trade” via the ID market. 

Under IREMEL and Piclo Flex, the topic of rebalancing is not addressed specifically.   
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3.3 Examples - Procurement and dispatch in USEF and NODES 
Process flows for flexibility procurement can vary in real-life based on local market regulations, interaction 

among different actors, time horizon and scope of services. In order to shed some light on industrial practices, 

in this section, the generic processes for flexibility procurement in USEF and NODES are briefly discussed. 

3.3.1 Universal Smart Energy Framework (USEF)  
USEF provides a model of extended markets revolving around localized flexible energy use. This type of market 

model allows active market participation of all players, such as the DSO, aggregator(s), BRP(s), prosumers, etc. 

The framework includes a market structure and the associated rules and tools required to integrate flexibility 

resources. It fits on top of most energy market models, extending existing processes to offer the integration 

of new services and flexibility provisions.  

In a USEF compliant distribution network management scheme, expected congestion points are published by 

the DSO in an open access database and forecasting is mandatory for the aggregator concerning the published 

congestion points. Congestion management is performed by issuing flexibility requests to aggregators that are 

active in the relevant network areas in advance. The volume and price of the flexibility offered by aggregators 

is negotiated with the DSO in an iterative process, where the designed program of the aggregator is validated. 

The DSO is obliged to procure the offered flexibility at the designated price [56]. 

USEF mobilizes the provision of implicit and explicit demand response mechanisms through dynamic pricing 

and aggregators. In order to trigger the implicit demand response, time-of-use (ToU) price signals are provided 

to the prosumers by the DSO and the suppliers. Based on these signals, the prosumers are expected to alter 

their energy consumption and unlock the demand flexibility. The role of energy service companies (ESCos) has 

been highlighted to coordinate the process for the prosumers through control signals and recommendations. 

On the other hand, for triggering the explicit demand response, USEF recommends the aggregator to assume 

a central position in the so-called Flexibility Value Chain (FVC). The aggregator acts as a retailer of flexibility 

between the prosumer and the Flex Requesting Parties (FRP), i.e. the Balance Responsible Party (BRP), DSO 

and Transmission System Operator (TSO). The aggregators are responsible for acquiring flexibility from 

prosumers through aggregation in their portfolio. The aggregator is incentivized for the offered flexibility 

services, which is subsequently shared with prosumers for the provided flexibility. More information about the 

framework and market interaction can be found in [57]. 

3.3.2 NODES Marketplace 
NODES is an independent marketplace for a sustainable energy future, decentralized flexibility and energy. 

Currently in its pilot phase, NODES is a universal platform with features allowing connecting to other markets, 

so that grid operators, producers and consumers of energy can trade on local and flexible electricity markets. 

Initiated by Nord Pool, Europe’s leading power market and Agder Energi, NODES aims to offer a flexibility 

marketplace to provide scalable and optimal use of flexibility and a transparent view using multiple 

technological solutions. Different types of flexible loads and technical solutions can be integrated, including 

smart homes with solar PV systems and batteries, electric vehicles (EVs), and commercial and residential 

demand response programs [58]. 

In the NODES marketplace, the DSO participates in the flexibility market by placing offers to obtain flexibility 

and by providing network-related topological/geographical information. Different levels of granularity can be 

chosen in terms of topology at which the flexibility is required. Bids below that network level are aggregated 

in the marketplace to provide the required services. The DSO acquires load forecast and decision support data 

from internal grid systems and the marketplace. It then runs or obtains results from supporting data analytic 









 

 

 

 

 

 

Figure 4-1: Generic process flow for procuring flexibility in order to resolve congestions in distribution networks. Tasks are identified for the relevant stakeholders - DSO 
(Distribution System Operator), LFM (Local Flexibility Market) and AGR (Aggregator). 



Registration: The process begins with the registration phase, when the DSO denotes a point in the network as 

a potential congestion point. A congestion point can be a transformer or a line section, where the power flows 

are most likely to exceed the thermal capacity of the asset. Upon identification, the DSO publishes these 

congestion points to the LFM for solving the congestion. At the same time, relevant aggregators register the 

resources connected to the respective congestion point with the LFM (e.g. household prosumers, DG or 

storage units, EV charging points, etc.). 

Planning: The planning phase is carried out on the day before real-time operation (d-1), when the DSO 

estimates the loading conditions in the congestion point, based on historical loads or an analysis of the trends 

in energy flows for the price levels. Upon detecting an expected congestion, the DSO sends a request to LFM 

to order flexibility from the aggregators involved in that network area. Based on the request from the LFM, 

the aggregators create flex offers with relevant costs for solving the congestion issues. In order to quantify the 

offered flexibility services, each aggregator needs to generate a baseline of loading conditions of contracted 

end-users. The offered flexibility is subsequently determined from the deviation of actual loading from the 

baseline. 

The LFM selects the most suitable flexibility offer by matching the ordered and offered flexibility to solve the 

congestion. Based on the selected profile, LFM informs the aggregators to schedule the flexibility resources 

accordingly (e.g. EV charging points). At the same time, the DSO performs a network safety analysis considering 

the selected flex offers to validate the plan.  

Operation: The operation phase denotes the intra-day operation (d). The schedules adopted during the 

planning phase are implemented by dispatching the resources according to the set points. The DSO uses sensor 

and measurement devices to observe network loading and estimates loading scenarios in upcoming time steps. 

The measured values need to be stored in secure databases for further calculations and settlement purposes. 

In case of probable congestions within the intra-day time frame, the DSO requests for additional flexibility from 

LFM. Upon this request the LFM initiates a new round of trading with the aggregators to solve the congestion. 

The aggregators may need to change and update the schedules of the flexible resources to procure additional 

flexibility. Based on the altered schedules, the aggregator dispatches a flexibility plan with adjusted set points 

for the resources. 

Settlement: The aggregators submit the quantity and associated cost of provided flexibility to the LFM within 

the day by calculating the deviations from the baseline and the purchased flexibility offers. Based on the 

measured data in the network and smart meters of the end-users, the DSO verifies the provided flexibility in 

relevant time periods and submits the information to the LFM. The LFM checks for mismatches between the 

procured and provided flexibility and remunerates the aggregators accordingly. 

4.3 Interaction model for flexibility procurement 
Flexibility markets and associated trade initiate new services and propositions to the stakeholders in smart 

energy systems. In this section, a generic interaction model, as shown in Figure 4-2, is presented, that shows 

the relationship among various actors active in the system. In order to keep the discussion and depiction clear 

and concise, while ensuring that no details get lost, all relationships are presented as 1-to-1 relations. However, 

most of these are 1-to-N relationships as follows: 




















