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ABSTRACT

Due to limits in infrastructure capacity, congestion is possible to occur
in the distribution network due to penetration of distributed generation, unpredictable increasing demand and lack of monitoring capabilities. Smart energy consumers can offer services for facilitating
the grid’s operations by providing flexibility in shifting the amount
and time of their load. Thus, a demand-response mechanism could
be used for dynamic congestion management.
The research has been conducted in TNO Groningen. Among others, TNO’s research interests lie on business risks and opportunities
emerging from the intrusion of IT in the future energy market, from
the viewpoint of the distribution network operator. The study discusses the design process, artifacts and evaluation of a market-based
congestion management system. By studying its future role and responsibilities in such an environment, the thesis scopes in providing
the DSO with an IT strategy for dynamic, market-based congestion
management.
We provide the functional requirements of a dynamic, market-based
congestion management system and a functional architecture designed
using IDEF0, based on reviews from domain experts. The architecture
is deliberately non allocated to physical components, so as to serve
as a canvas for the DSO to draw its future IT strategy. We discuss the
strengths, weaknesses, opportunities and threats of the DSO changing roles, both from the business and technology perspectives. We
argue that the key drivers for designing such a system are fairness,
robustness and performance (in terms of high utilization).

Index terms: congestion management, distribution networks, DSO,
demand-side management, demand response, LV, marketplaces, smart
grid, IT strategy, functional architecture
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Everybody has to leave their home and come back so they can love it again
for all new reasons.
— Donald Miller
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1

INTRODUCTION

Until this point in time research on the Smart Grids has revolutionized the way the energy trade will be performed in the near future.
The Smart Grid concept challenged the majority of the energy trade
stakeholders regarding several aspects of the current setting; infrastructure should be re-engineered, new legislation should be developed, new business models should be implemented, and so forth.
The target of the stakeholders to increase the proportion of electricity
produced from renewable energy sources (RES-E) to 34%, imposes reengineering the existing infrastructure. An intelligent grid-based system on the other hand could offer a cost-effective way to re-engineer
the infrastructure [25]. The development of an intelligent grid-based
system that would rely on information exchange among Smart Grid
actors (e.g. Transmission System Operators-TSOs, Distribution System Operators-DSOs, prosumers, etc.) requires new ICT technologies
and standards to support it [45]. The Smart Grid’s stakeholders can
leverage this available information for resolving issues that will result in a high quality of energy supply. This thesis focuses on the use
case of dynamic congestion management for the distribution grid,
and specifically on resolving congestion by performing demand-side
management.
The Netherlands Organization for Applied Scientific Research (TNO)
is using its expertise to enforce sustainable competitiveness for both
the industry and the society. The wide range of knowledge pool
within TNO makes the organization able to research highly innovative topics such as Smart Grid technologies. This thesis is conducted
at the Business Information Services (BIS) department for the Intelligent Electricity Network Aggregator Technology (ieNAT) project. The
aim of the ieNAT project is to provide a virtual infrastructure to large
scale electric grids that enable services focused on information about
the state of the power grid on multiple geographical aggregation levels [53]. The thesis research maps ieNAT’s physical architecture to the
functional architecture of a congestion management system. This will
enrich TNO’s knowledge base and provide the DSO with insights
regarding the ICT strategy that should be followed in a Smart Grid
setting.
1.1

motivation

The major concern of the electricity grid is that the amount of electricity that is produced must be equal to the amount that is consumed,
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so that the grid operators to be able to reliably deliver energy to
the grid’s users [2]. The distributed energy generation though is constantly growing due to the increase of Renewable Energy Sources
(RES) connected to the grid (i.e. PV solar panels, wind turbines, combined heat and power units, etc.) at a faster than expected pace. Specifically in the Netherlands the planned electricity capacity production
is constantly increasing [55]. This general growth of the distributed
generation (DG) is supported by three policies implemented during
the last years: the reduction of green house emissions, the promotion
of RES, and the improvement of energy efficiency [56]. Since reinforcing the capacity of the infrastructure takes longer than building new
production facilities (and especially RES), it is expected that (at least
temporary) congestion will occur in the network [26].
1.2

reading guide

The second chapter provides background information, such as definitions discussed across the thesis and useful concepts that support
our research. The third chapter examines the literature and discusses
related work through similar or relevant to our work studies. Chapter four, sets the problem statement, in terms of context and stakeholder analyses, research questions, the conceptual model and research methodology. The fifth chapter constitutes the second part of
the thesis and regards the initial phase for designing the system, by
providing functional requirements and the relation to literature for
evaluating the design. Part three starts with chapter six, discussing
the design and operation of our evaluation process, while chapter
seven provides the data analysis and its outcome. The system redesign is discussed in chapter eight, where we argue about design recommendations, design decisions and we provide (evaluated) IDEF0
diagrams of the congestion management system. Lastly, chapter nine
interprets our key findings, discusses implications and reflects on the
validation of our study, while chapter ten provides our conclusions.
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BACKGROUND

This section will provide a definition of the terms congestion and congestion management, While congestion refers to the phenomenon per se,
the term congestion management refers to a process (or action) that is
followed in order to resolve the phenomenon of congestion.
2.1

congestion: definition and resolution

According to [6]
"congestion exists whenever the line capacity limits the
optimal flow found when matching supply and demand."
In order to explain the basic concept of the phenomenon we use Figure 1 to demonstrate a two zone system connected with a line. Consider each zone having a demand of 100MW and a generator with
the capability to generate 200MW of power. The generator in zone A
generates power at the cost of €10MW/h, while in zone B the generator generates power at the cost of €20MW/h. The cheapest solution,
while there is no capacity limit in the line (Figure 1a), is to buy all the
power (for the total demand of both zones, which is 200MW) from
generator A at a total cost of €2000/h. Consider now introducing a
capacity limit of 50MW in the line (Figure 1b); then zone B can only
buy 50MW from the generator A, and for covering its demand will
buy the rest 50MW from generator B. The total cost will then equal
€2500/h (€1500/h the generation costs from A plus €1000/h the generation costs from B).

(a) No congestion

(b) With 50MW transfer limit

Figure 1: Adapted from [14]. Two zone system congestion illustration

Even in this simplistic case of unchanged energy prices we see that
congestion created a significant market efficiency of 25%. It can be
concluded that resolving congestion can be a challenging task as it
implies allocation of technical issues, infrastructure constraints and
costs. Congestion management in principle is a method used for pre-
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venting the grid from exceeding its stability threshold (line overloading). It can be implemented both by using operational measures (i.e.
curtailing the generated power or manipulating the load within the
congested area) and structural measures (i.e. increase the capacity of
the grid) [26].
The phenomenon of congestion can occur to both the transmission
and the distribution grids. While the concepts are similar there are significant differences on how the TSO and the DSO handle congestion
in their network. Some of these differences outline the less mature
approach of the DSO [29]. In the current situation the DSO, given
its very limited network sensing capabilities (cf. §2.2), simply plans
expansions of the grid whenever its capacity limits are reached. In a
future setting such an approach might not be suitable. The dynamic
role of all the actors of the Smart Grid, and especially those of the distributed generators and the end users, could result in the occurrence
of momentary congestion. With the current DSO approach the only
solution might be limited to constantly updating the infrastructure’s
capacity. This might not provide a realistic insight regarding the usage of the grid [34] and eventually could result in underutilization of
the infrastructure [29].
Given the aforementioned arguments, this thesis is focused on the
resolution of congestion by operational means. Though there are two
ways for operationally managing congestion, the literature indicates
that curtailing distributed generation, is the least attractive approach.
On the contrary demand-side management is most likely1 to be able
to address the issue of congestion for the distribution grid [31]. Since
solar power generation can cause the most significant issues in the
distribution grid regarding voltage quality [29], we use it as an illustration to support the claim of demand-side management suitability
as a congestion management approach. In Germany the explosion of
small solar power producers resulted in congestion of the distribution
network. Eventually electricity costs substantially raised (due to congestion resolution costs) causing the end users to invest in their own
DG facilities and get independent, than bearing the costs of being connected to the distribution grid [47]. As such, congestion issues were
able to be solved due to their own costs. The tremendous growth of
PV installations in Denmark and the Netherlands the last few years
was not able to exceed the demand of neither the Danish [18] nor
the the Dutch market [42], meaning that it did not create any congestion issues. In this context demand-side management is the most
profound solution regarding congestion. It is expected that dynamic
markets will facilitate the mechanism of congestion management by
stimulating behavioral change. Ultimately, the grid will shift from
traditional load-following operations to a load-shaping strategy [31].
1 It makes sense to use a demand-side management approach to solve congestion
up to a certain point. After that point investments in capacity could be a necessary
measure that the DSO would have to take [29].
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Even though generation curtailment of RES is seen as the least appealing solution due to zero marginal costs, could play a role in the
overall congestion mechanism [39]. Yet, this approach is out of the
scope of this research.
2.2

the changing role of the dso

In this research we are focusing on the distribution network since we
expect it to face enormous challenges in a Smart Grid setting. Currently, the role of DSOs on energy efficiency is clearly defined by the
Directive 2009/72/EC’s article 25 § 1:
"The distribution system operator shall be responsible for
ensuring the long-term ability of the system to meet reasonable demands for the distribution of electricity, for operating, maintaining and developing under economic conditions a secure, reliable and efficient electricity distribution system in its area with due regard for the environment and energy efficiency."
Thus it can be concluded that in a future setting the DSO’s stake can
be heavily jeopardized due to congestion. In other words, the DSO
might face a major challenge in meeting electricity demands and requirements in the future. The simple reason is that the distribution
network was designed to meet the requirements of a past era and
since then the design of the infrastructure did not change [34]. For example DG facilities are directly connected to the distribution network
even though the infrastructure was not designed to facilitate generators [56]. The penetration of DG, which is considerably supported
by several governmental policies, is forcing the DSO to accommodate
generation facilities by investing in upgrading the infrastructure and
preserving a stable and secure system [34].
This situation will be even more burdened because of the constantly
increasing markets of electric vehicles (EV), heat pumps, solar panels
and mCHP units (among others) [55]. EVs in specific are expected to
heavily affect the distribution grid [15, 10]. That is because on the one
hand they impose a great load while charging, and on the other hand
because of their unpredictable nature; the discharging rate depends
on the driving style/duration, and EV may appear charging in different parts of the network due to their mobility. In the same context of
using EVs for reducing gasoline and diesel consumption, heat pumps
could be largely introduced for reducing oil consumption [29]. Specifically for the Netherlands it is predicted that electricity demand will
increase up to 3% by 2030 [52]. Thus the increasing (unpredictable)
demand is, besides the penetration of DG, another significant factor
that will challenge the way the distribution network is currently operating.
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In a smart distribution grid, with high penetration of DG facilities
and unpredictable (dynamic) demand, the DSO would have to change
the nature of its operations [4]. That is to move from planning, load
estimation and asset management to more dynamic operations, such
as demand forecasting and response, network state estimation, realtime resolution of quality and reliability threats, and metering data
collection and processing. Such operations require the operator to be
able to measure the infrastructure in order to supervise and react on
potential issues and threats. Unlike the TSO, the DSO lacks of monitoring capabilities and thus is unable to capture accurate information
for sufficiently calculating the current state of the grid in terms of
data [49, 20], power quality [44] and fraud-detection [33] analyses.
2.3

the changing role of the end user

All the previously mentioned reasons (cf. §2.2) motivate our research
from the side of the operator. The Smart Grid’s environment though
gets even more dynamic, as the end user (i.e. the actor that is connected to the distribution grid and consumes energy) is benefiting
from the availability of real-time information (e.g. changes in electricity prices) [45]. This makes the end user’s role more reactive and
dynamic (e.g. in a bid-based energy trading market) than the traditional role engaged in passive use of electricity [34].
The smart metering technology raises the energy consumer’s awareness regarding billing, individual appliances’ consumption, ecological impact, etc. This feedback on the consumers’ consumption makes
them more connected with their energy use [21] and ultimately makes
them aware about their costs and savings potentials. Based on these
facts, it is expected that smart grid actors (such as suppliers, DSO
and TSO) will strive for an optimal flow of energy, which can be
partly achieved by attempting to change consumers’ behavior. This
approach is similar to the highway administrators’ use of congestion
pricing for reducing car traffic and speed up the road’s flow [57].
Smart domestic appliances will have flexibility capabilities, e.g. shifting the time of consumption, or changing the energy amount that is
consumed. This flexibility can be provided in the context of demandside management (DSM). According to [58] DSM aims
"to reduce energy consumption and improve overall electricity usage efficiency through the implementation of policies and methods that control electricity demand. DSM is
usually a task for power companies / utilities to reduce
or remove peak load, hence defer the installations of new
capacities and distribution facilities. The commonly used
methods by utilities for demand side management are:
combination of high efficiency generation units, peak-load
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shaving, load shifting, and operating practices facilitating
efficient usage of electricity, etc."
Thus, flexibility gives the ability to power companies / utilities to
resolve unwanted situations (e.g. congestion) by providing incentives
to the end user in specific moments in time (i.e. lower energy prices).
On the other hand, this flexibility can be also used by the consumer
in order to manage his / her consumption. This context is defined as
demand response (DR) and according to [1] regards
"the changes in electric usage by end-use customers from
their normal consumption patterns in response to changes
in the price of electricity over time. Further, DR can be
also defined as the incentive payments designed to induce
lower electricity use at times of high wholesale market
prices or when system reliability is jeopardized. DR includes all intentional modifications to consumption patterns of electricity of end use customers that are intended
to alter the timing, level of instantaneous demand, or the
total electricity consumption."
To conclude, the role of the end user is playing a very important
role in both a negative and a positive way; namely, end users have
bargaining buying power but they could also "sell" their flexibility for
facilitating the smooth operation of the grid. This essentially means
that end users are an important actor in a future smart grid setting as
they actively affect the reliability of the distribution grid.
2.4

ienat

This thesis’ research is a part of an internal project of TNO called Intelligent Electricity Network Aggregator Technology (ieNAT); a smart
system for monitoring and controlling a power grid. TNO developed
the ieNAT system so as to be placed in the second layer—the virtual
infra layer—of the smart grid model depicted in Figure 2. The aim of
this second layer is to provide a virtual infrastructure to large scale
electric grids that enable services. Such services focus on information
about the state of the power grid on multiple geographical aggregation levels (street, neighborhood, city, province, etc.).
The aim of TNO, in the context of this project, is to collaborate with
energy distributors and extend the functionality of ieNAT according
to new market demands. In this way, energy distributors will be provided not only with specific hardware and software, but also with
intelligent algorithms for data analysis that will give them a competitive advantage in building cost-efficient and controllable intelligent
energy networks. The ieNAT system is also important for grid operators because it maximizes the knowledge about their network. In
order to get an insight about the (commercial) potential of the project,
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Figure 2: Taken from [53]. A four-layer architecture of the smart grid as proposed by TNO.

TNO needs to get a grasp on the information exchange, dependencies and involved actors of the use case of congestion management.
This will provide the organization a clearer view on the development
environment and the potential selling points of ieNAT.
The project’s planning states that the main product (i.e. a simulation platform that provides the grid’s state estimate taking into account the optimal number of sensors) should be delivered by the end
of June 2013. Given the fact that this thesis is only complementary for
the ieNAT project and not crucial for the project’s completion, placing it within the agenda of the company would be unreasonable. The
project’s goal is to increase the knowledge pool of TNO about monitoring and providing services for the distribution grid; as such it has
no commercial deliverable. The scope of this thesis from the perspective of TNO is to contextually support and broaden the applicability
of ieNAT. Thus for the remainder of this document there will be no
significant coupling between ieNAT and the products of this research,
as the results are going to serve as input for future development of
the ieNAT capabilities.
2.5

summary

We identify congestion management as an interesting use case from
the viewpoint of the DSO. We argue that congestion is possible to
occur in the distribution network due to penetration of Distributed
Generation (DG), unpredictable increasing demand, and the grid’s
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reliability can be jeopardized due to lack of monitoring capabilities.
One of the main roles of the future Smart Grid setting is the end user
(the energy consumer). That is in terms of bargaining power over
their offered services for facilitating the grid’s operations, but also
for the flexibility in shifting the amount and time of their load. Thus,
Demand-Side Management (DSM) could be used for resolving stability and reliability issues caused by e.g. congestion. TNO initiated a
project, the ieNAT, which scopes in the optimal number of sensors
to be placed in the distribution grid for monitoring purposes. This
thesis is examining congestion management using DSM. IT is a complementary work that aims at serving as input for the future roadmap
of ieNAT regarding its market potential and future features.
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3

R E L AT E D W O R K

This chapter discusses a number of studies that have examined congestion management approaches, and functional architectures of flexibility and DSM mechanisms. The first part of this chapter refers to
related research with respect to functional architectural designs, the
second part focuses on roles, communication and operations in the
context of dynamic congestion management, the third part on nonfunctional requirements of a congestion management system, and the
fourth part on the system’s states.
3.1

related studies

Both the studies that are discussed in this section have been based on
the Smart Grid Architecture Model framework [13]. With respect to
this fact, we also discuss the SGAM framework as it also facilitates
our study. The SGAM was developed to provide several architectural
views regarding the layers of the Smart Grid, as shown in Figure 3.

Figure 3: The Smart Grid Architecture Model. Taken from [13]
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The layers describe interoperability among domains and zones of
different dimensions. The focal point of this study is the Functional
Layer (for the Distribution, DER and Customer Premise domains),
which refers to ICT-based technology, use cases, functions (processes)
and services.
As it is illustrated in Figure 4 congestion management can have
a major impact in all cross cutting functions, namely integration of
technologies, data management and security, marketplaces and forecast systems. Thus, it is very important to examine these functions in
a lower level of abstraction:
• The “integration of technologies” function would imply a standardized communication mechanism for resolving congestion.
• “Data management and security” would imply aggregation of
smart metering and flexibility data.
• “Marketplaces” would imply local and / or global trading platforms among organizations, service providers and consumers.
• “Forecast systems” would imply grid monitoring, congestion
sensing and flexibility and forecasting capabilities.
Additionally, a key role of the SGAM framework is the Service Provider.
As mentioned before, there are several services that could emerge
within a Smart Grid setting and a part of our research tries to assess
the DSO’s role as a Service Provider, and / or the DSO’s interaction
with such Service Providers.

Figure 4: SGAM Functional aspects. Taken from [54]
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Figure 5: FINSENY’s high level functional architecture for “Marketplaces for
DSM”. Taken from [43]

In that context, the two aforementioned projects dug deeper into
some aspects of the aforementioned functions. The Future Internet
for Smart Energy (FINSENY) project designed a functional architecture regarding marketplaces for DSM (not specifically for congestion
resolution) [43] and the Smart Grid Coordination Group (SG-CG) designed a high level functional architecture focusing on flexibility [12].
The FINSENY project’s outcomes regard the analysis of scenarios
and requirements and the design of reference architectures based on
SGAM. From a range of relevant use cases, the 285135 report focuses
on three cases, as they were found to be the most interesting by the
industry. These use cases regard a) flatten demand curve, b) trading flexibility capacity, and c) supplier side local trading. The flatten
demand curve case refers to an ICT application being able to communicate with the consumers via a marketplace for reducing their
power consumption. The trading flexibility capacity case refers to an
ICT-based market mechanism for resolving overloads or voltage problems via using the prosumers’ spare loads (generation or consumption). Lastly, the supplier side local trading case refers to balancing
of the energy flow among e-Islands considering also local generation.
Based on a set of requirements relevant to the use cases, the report
describes a high level functional architecture, as shown in Figure 5.
This architecture is based on two marketplaces. The B2B marketplace facilitates trading between parties that want to resolve a certain issue (e.g. energy retailers, grid operators) and parties that can
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Figure 6: SG-CG Flexibility functional architecture. Taken from [12]

execute DSM and offer resolution to those issues (i.e. Demand Side
Managers). The latter communicate with the consumers via the B2C
marketplace and with the consumers’ devices via an automated system (i.e. the Energy Efficiency Control System or EECS, which communicates with the consumers’ home automation system—DCS and
EMS).
The SG-CG (the same group that developed the SGAM framework)
translated use cases derived from the industry into a reference architecture for flexibility in general. The group reports that the view on
the examined use cases from the stakeholders was quite harmonized.
The architecture depicted in Figure 6 shows, in the upper part, the
communication of the smart device with the Customer Energy Manager or CEM (e.g. a home automation system, which is installed in
the consumers’ premises) and in turn with the gateway for reaching
an actor. The lower part of the same architecture shows how the smart
meter data is communicated and / or aggregated to reach an actor
(through entities like Meter Data Management, or MDM, and Neighborhood / Local Network Access Point, or N/LNAP). These actors
represent market roles, such as Meter Data Collector, Meter Operator, Aggregator, Supplier, Flexibility Operator, etc. Depending on the
nature of the market and the competition, these roles can differ.
Regarding the markets for trading flexibility, the SG-CG study outlines the importance of the (generic) role of the Flexibility Operator. As Figure 7 illustrates, the Flexibility Operator trades flexibility
aggregated by smart consumers in different markets (this could be
related to the B2B and B2C marketplaces concept of FINSENY), and
ultimately provides services to the grid. Several actors could play the
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Figure 7: SG-CG Flexibility Operator interaction with the market. Taken
from [12]

role of the Flexibility Operator, such as the Energy Supplier, Aggregator, DSO and Energy Servicing Companies.
3.2

congestion management studies

Regarding our literature search, we tried to use some key concepts (index terms) to come across relevant references. The key concepts we
used are congestion management, smart distribution grid, real-time congestion management, distribution grid overloading, demand side management,
and demand response. Our search, given the limited time for conducting this thesis, showed that there are only a few studies that examine
market-based congestion management (especially in Europe). From
those studies we outline the involved actors, and the (implicit or explicit) ICT requirements and processes. This section presents our findings, i.e. three studies addressing at least one of the aforementioned
key concepts.
Kadurek et al. in [35] proposed modifications regarding overload
protection for the future distribution network in the Netherlands. The
paper discusses current practices used for the distribution system
planning. The authors argue that the design of the grid is based on
centralized generation, thus protection schemes are not able to tackle
the impacts of new appliances and DG connected to the LV network.
The study proposes a scheme that utilizes smart meter data collected
and aggregated to a MV/LV substation level, where also data from
grid state estimation are produced. This means that data processing
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is performed locally in substation level. There follows an evaluation
procedure (i.e. assessing overloading risk) and further actions that are
needed for governing or coordinating an asset protection procedure.
This preventive action is based on the assumption that the network
accommodates devices with controllable load providing monetary incentives to mitigate overloading. The case study simulated by the
authors managed to successfully mitigate overloading problems by
taking preventive actions (32% curtailment of only additional loads).
In their study Biegel et al. [9] examined congestion management
for the distribution grid via shadow prices. The identified problem
owner is the Balancing Responsible Party (BRP). The study implies
that the BRP collects and aggregates both smart meter and flexibility data (following the Danish market model). Further, for each consumer only one BRP has the responsibility of buying electricity on
their behalf and is the only one that will utilize the consumer’s flexibility providing monetary awards. Since trading balance energy (with
the TSO) could prove costly for the BRP in case of imbalance in supply and demand, utilizing flexible consumers could provide a more
cost-effective approach. By utilizing this flexibility though, congestion issues may rise in the distribution grid (e.g. when low pricing
occurs). The BRP should then consult the DSO before activating flexible consumption. The paper proposes a decentralized optimization
algorithm without information sharing, where shadow prices (i.e. Lagrange multipliers) are used to bring consensus regarding the optimal utilization of flexibility for both the BRP and DSO. The BRP does
not have to share sensitive information (i.e. cost function, flexibility
profiles, etc.) in such a competitive market. It provides the DSO with
information regarding the state of the grid (smart meter data) and the
prediction for future loads. In this way the DSO can calculate the potential of congestion and adjust the energy price (shadow price) until
the optimal flow is established.
Andersen et al. in [4], studied coordination strategies for congestion management in the distribution grid among multiple actors having multiple objectives. They examine the case of EVs and how their
flexibility is utilized by a Fleet Operator for providing dynamic congestion relief services to the DSO. The Fleet Operator could be a retailer, or a load / production balance responsible party, depending on
the services provided and the market needs. The Fleet Operator has
contractual obligations toward the EV owners (e.g. monetary awards),
who provide their flexibility in return. The problem domain of the
authors is defined as follows: the EV owners provide flexibility information to the Fleet Operator who controls their loads. The Fleet
Operator provides schedules to and is controlled by the DSO, while
it places its flexibility services to the Electricity Spot Market. The DSO
collects and aggregates smart meter data and grid measurements for
calculating the grid’s state. The authors propose and benchmark three
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Strategy

Complexity

Value

Risk

Distribution Grid Capacity Market
Fleet Operator

High

High

Low

DSO

High

High

Low

Advance Capacity Allocation
Fleet Operator

Medium

High

Low

DSO

Low

Medium

Medium

Dynamic Grid Tariff
Fleet Operator

Low

Low

High

DSO

Medium

Medium

High

Table 1: Andersen et al. strategy overview. Adapted from [4]

coordination strategies for achieving congestion management. The
“distribution grid capacity market” strategy concerns an iteration process where the Fleet Operator is requested to respond to market price
signals (that take congestion into account) for rescheduling their (aggregated) scheduled consumption. Congestion is calculated by the
market operator taking into account the grid’s state from the DSO
and the schedules from the Fleet Operator. The “advance capacity allocation” strategy combines the preallocated capacity to feeder-lines
for each Fleet Operator by the DSO, and the capability of the Fleet Operator to trade unused capacity in an over-the-counter fashion. Lastly,
the “dynamic grid tariff” strategy refers to the operation where the
DSO sends price signals in time reflecting anticipated congestion and
the Fleet Operator in turn makes an optimal schedule in response
to these dynamic grid tariffs. The benchmarking of the strategies is
taking into account three metrics: i) complexity (technical and administrational intensity), ii) value (the extend to which the strategy helps
in reaching operational goals), and iii) risk (uncertainty coming from
the external environment). Table 1 depicts the strategies’ overview
with respect to the aforementioned metrics.
3.3

key drivers

The study of Ardakanian et al. [5] differs from the previously discussed papers. The authors examine a control mechanism for real
time distributed congestion control for EV charging. The incentives
for lowering the charging rates of the EVs and the concept of a market to facilitate this operation is out of the study’s scope. On the contrary, the focus stays on the communication algorithms for such a
congestion control mechanism, derived from analyzing how the Internet tackles congestion issues. The decision-maker for selecting the
EV and its charging rate is not discussed in the article. What is in-
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teresting though, is the explicitly stated design goals of a congestion
control system. These goals are:
i) Maintaining grid reliability (protecting the distribution grid’s assets)
ii) High utilization (always aiming for having optimal flows)
iii) Minimize oscillations (minimizing the impact on the lifetime of
storage facilities, e.g. batteries)
iv) Fairness (non discriminating curtailment criteria)
v) Robustness (failure and error tolerance).
We argue that since the market is absent from the problem domain,
the design goals list is considered from our viewpoint as non-exhaustive.
Nevertheless, it constitutes an important input for our further research.
3.4

system states

In almost all the aforementioned sources, the authors discuss a common view on categorizing congestion management operations by priority / severity; namely, the Traffic Light Concept (TLC) [12]. This
concept affects the (market and operational) interactions between the
involved parties. The “green light” situation (no congestion) refers to
a normal operating state where the parties may or may not participate in the market. The “yellow light” state (congestion could occur)
indicates the active participation of the DSO to the market to keep
the grid from becoming unstable and unreliable, and the consumer
is voluntarily providing flexibility via an intelligent mechanism. In
the “red light” situation (congestion has already occurred) the DSO
can override market interactions and execute immediate control on
generation / demand until the grid is stable again.
Since the “red light” state heavily depends on legislative issues and
on off-the-market actions, we limit our scope to the “yellow light”
state where there is a time window of safe operations. Flexibility can
be traded via a market to relief or prevent congestion. The “green
light” operations can be easily performed once there is already a
mechanism in place to support the “yellow light” state. To conclude,
the remainder of this thesis is focusing on dynamic market-based congestion management under the situation where congestion is likely to
occur in the near future and needs to be resolved by utilizing the consumer’s available flexibility.
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3.5

summary

All the related work in this field is complementing our research, but
nevertheless we see a knowledge gap regarding dynamic marketbased congestion management for the distribution grid using a DSM
approach. No prior study has evaluated such a mechanism from the
viewpoint of the DSO, focusing on the future roles, design goals and
functional requirements of such a setting. The Smart Grid Coordination Group (SG-CG) and the FINENSY project, both designed a
high level functional architecture, the first for flexibility and the latter
for DSM marketplaces [43, 12]. This work provides us with insights
regarding relevant functional roles, and early concepts and requirements. The work discussed in [35, 9, 4], helps us capture possible
scenarios in the operations of the involved actors for dynamic congestion management, while [5] gives us a (non-exhaustive) list of design
goals for a congestion control mechanism (reliability, high utilization,
minimal oscillations, fairness, and robustness).
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4

P R O B L E M S TAT E M E N T

The initial problem statement indicates that there is no standardized
mechanism for dynamic congestion management for a (future) smart
distribution grid. Since the Smart Grid’s legal framework and standardization are currently under development, examining or proposing a specific approach for dynamic congestion management is out
of our scope. The problem then shifts from “which” congestion management approach to choose / propose, to “what” information is exchanged, processed and produced. In other words, as the distribution
grid tends to get smarter, the more ICT is intruding the daily operations of the DSO. Thus, understanding the information flows, responsibilities, dependencies and interactions—thus the ICT needs—is crucial for the successful operation of a smart distribution grid. The DSO
will be forced to move from the traditional asset management operations, making it currently essential to examine future ICT strategies
for sustaining their business. Not being able to follow the developments of the Smart Grid era the DSO could have several impacts, as
listed below:
• Negative impact on profit by following a passive network management (i.e. the DSO taking only structural measures) [19]
• Loss of supervision over their assets (monitoring, measuring
and estimating) [34]
• Potentially unnecessary investments in infrastructure (due to
the dynamicity of the number of DG facilities connected to the
grid over time) [29]
• Lower bargaining power over end users and suppliers (DG might
be able to deliver cheaper energy than this supplied by the grid
[48] and / or costs will be passed to the end user because of
congestion [47])
We argue that the consequences are of great importance and congestion plays a significant role in all of them. To our best of knowledge,
no research so far has assessed congestion management approaches
from the point of view of the DSO. No study addresses the ICT needs
and options from the DSO perspective regarding dynamic congestion
management. We hypothesize that all market-based DSM approaches
that try to resolve congestion have a common functional architecture.
The requirements of such a system are not explicit and no qualitative assessment of the architectural design (or alternative designs) is
studied so far. We conclude that the problem can be stated as follows:

23
[ August 3, 2013 at 15:39 – K. Tselios, IEM Master Thesis version 1 ]

24

problem statement

"Currently, to our best of knowledge, there is no evaluation of
the—commonly proposed by the literature—functional architecture
for a system that performs congestion management in a smart distribution grid (using dynamic, market-based DSM). In this context,
the ICT needs and the (functional) role of the DSO are not evaluated and both need to be further researched."
4.1

Technical aspects

Business aspects

socio-technical aspects

The problem as stated is clearly two-fold. The first part refers to an
instrumental problem, i.e. the functionality of a dynamic CMS, and as
such this problem regards the system’s (functional) architecture. The
second part refers to a functional problem that affects the organization,
i.e. the unknown role of the DSO within the CMS. Thus, there are two
aspects associated with the two parts of the problem that this thesis
addresses, which are discussed in this section; namely the technical
aspects—the instrumental problem—and the socio (business) aspects
-the functional problem.
The technical aspects of the thesis regard the design of the functional architecture of the system in question. As the design refers to
both the product (artifact), henceforth called as the functional architecture, and the process [27], henceforth called as architectural procedure, we are covering both aspects because they address all facets
of the stated problem. The functional architecture indicates the processes, information flows and enterprise actions and needs, while on
the other hand the architectural procedure indicates deriving system
requirements and constraints. Currently the DSO has limited ICT capabilities and knowledge in order to make technological decisions regarding a dynamic CMS. We hypothesize that the requirements and
constraints of such a system are implicit both to the literature and the
organizations. Identifying key drivers, functional and non-functional
requirements and constraints could serve as the initial step for the
architectural procedure. The end result, i.e. the architectural design,
can be used to assess technological decisions and capabilities.
From the viewpoint of the ieNAT, the current design is focused on
the optimal placement of sensors, i.e. the physical architecture of the
system. This thesis is aiming at mapping the physical to the functional architecture in the context of congestion management support.
The ieNAT could offer its monitoring capabilities to several services
for the distribution grid. Nevertheless, only one of these services, i.e.
dynamic congestion management, is examined in this study.
Evaluating the functional architecture could be used for assessing
the role—in terms of responsibilities—of the DSO within the congestion management system. This could affect the ICT strategy that
the organization might follow. Already the demand-side participation model proposed by EURELECTRIC in [23] suggests that policy
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makers should provide incentives to encourage the DSO to invest in
ICT for operating a smarter infrastructure. Modeling the exchange
and dependency of information within the business model(s) of the
smart grid, it will provide insights regarding the potential roles a
DSO could play, and how the organization would be affected regarding dependencies among actors, and the processes that need to be
carried out to manage congestion.
TNO is also a stakeholder of the current study. The organization
scopes in producing recommendations for boosting the industry’s
innovation and competitiveness1 . This thesis aims at extending the
knowledge of the DSO regarding its future position in a Smart Grid
setting. In this way TNO would be able to offer a view in the changing role of the DSO regarding threats, risks and opportunities. Given
the fact that dynamic congestion management is a multidimensional
topic and currently under investigation, TNO through this study tries
to fill in the knowledge gap and to map literature with reality.
4.2

stakeholder analysis

Due to the the fact that TNO is an independent research organization, the stakeholders presented in this section are considered in a
global scale rather than entities that have an immediate relation with
the company. Thus, we are taking into account actors / roles from
the viewpoint of the DSO (and not TNO) in a future energy market
setting. We do not make a separation between internal and external
stakeholders due to the uncertainty of which actor is going to take
over which role. A more rational separation is between generic2 and
external stakeholders, as presented below.
• Smart meter aggregator—collects and aggregates smart meter
data. Is responsible for managing and securing smart meter
data and for providing the (aggregated) data to authorized third
parties. Its stake regards secure management of data and accuracy of measurements.
• Flexibility aggregator—collects and aggregates flexibility data.
Is responsible for managing and securing flexibility data and
for providing the (aggregated) data to authorized third parties.
Its stake regards secure management of data and accuracy of
the aggregated flexibility.
• Market operator—operates one or multiple marketplaces. Is responsible for providing and facilitating a transparent market1 See http://www.tno.nl/content.cfm?context=overtno&content=overtno&item_id=30
2 Note that the generic stakeholders could fall under the same entity. For example, for
the current market model of the Netherlands, the DSO is responsible for collecting
and aggregating smart meter data. In a future setting that might not be the case
though.

[ August 3, 2013 at 15:39 – K. Tselios, IEM Master Thesis version 1 ]

Generic stakeholders

26

problem statement

place for trading of (energy) products, such as flexibility, to authorized market entities. Its stake regards safe (fraud tolerant)
transactions and high availability (fault tolerant) of the trading
operations.
• Flexibility Operator—pooling flexibility. Is responsible for trading / utilizing flexibility of contracted consumers to third parties who acquire it or for its own operations. Its stake regards
maximizing profit (or minimizing costs) by participating in the
markets and to provide accurate, thus valuable, services to third
parties (or for its own operations).

External
stakeholders

• Consumers—voluntarily provide their flexibility. They have a
contract with one / many parties that want to utilize their available flexibility and they receive monetary compensation in return. Their stake regards their voluntary participation in providing their flexibility (the ability to decide the time and the
degree of giving away their privacy to a party of their choice)
based on a (worthy) monetary exchange.
• Government / European Union—institutionalizes the way energy products are exchanged in the markets. They set the legal framework around operations that participate in congestion
management. Their stake regards privacy of sensitive consumer
data (using aggregation as a protective measure [24]), communication standards, and the fairness of the criteria for utilizing
energy products derived from the consumer.
The main objectives of the focal stakeholder of our study, namely
the DSO, are: a) protection of assets and keeping the grid safe and reliable (e.g. overloading, voltage quality, etc.), b) minimize investments
(i.e. using congestion management to avoid unnecessary investments
in capacity), and c) minimize operational costs (i.e. sensing and repairing issues as soon as they occur). Based on those objectives, the
value drivers, as stated in [4] are:
1. Grid component investments
2. Capacity utilization factor
3. Component lifetime
4. Operation cost
5. Instrumentation and automation efforts
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conceptual model

The conceptual model of this research has two main parts; the literature review and the design phase. At the literature review we motivate our research and collect sources that serve as input for the design.
The design process takes into account the literature findings and the
evaluation of the design product (i.e. the functional architecture). The
model describes the relations among concepts to facilitate the reader
understand the research topic. Furthermore, the model shows the research questions (blue-colored circled numbers), the design questions
(blue-colored circled letters), and how they are placed within the context of this study.

Figure 8: Conceptual model

Figure 8 illustrates the interconnection of three conceptual areas.
Firstly, the literature review provides the motivation of our study and
initiates the design process. The four main reasons that motivate our
research (cf. §2.2 and §2.3) are i) the increasing demand, ii) the penetration of DG, iii) the lack of monitoring capabilities, and iv) the
changing role of the end-user. The increasing demand and the penetration of DG, outline the need for dynamic congestion management
for the distribution grid. This in turn dictates the changing role of the
DSO. The need for dynamic congestion management and the flexibility of the end-user can complement each other in the DSM context,
with ieNAT providing the physical layer of such a mechanism. The
literature boils down to a common functional architecture regarding
DSM-based dynamic congestion management. To our best of knowledge no study so far assessed neither this functional architecture nor
the requirements that drive its design process.
In the design phase the conceptual components have bidirectional
links. This is due to the nature of the design process (cf. Figure 9), as
it is a build-and-evaluate loop iterated between the process and the
product [41]. The functional architecture, being the design product, is
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Figure 9: Design science method. Adapted from [41]

initially built using literature sources. Subsequently we evaluate (and
rebuild) the product from the viewpoint of the stakeholder, identifying quality attributes, requirements and technological decisions that
form the ICT strategy, and the functional responsibilities of the DSO.
Lastly, the ieNAT’s core is out of the scope of our research, yet it maps
our functional architecture design to a part of the physical world.
4.4

research questions

The goal of this research is to improve the quality of both the functional architecture of a DSM-based dynamic congestion management system for the distribution grid and the architectural design
process. In this way the DSO would gain knowledge regarding its
future position within a Smart Grid setting and thus would be able
to follow a certain ICT strategy. As such, the research question is formulated:
“Which ICT strategy should the DSO follow for DSM-based dynamic congestion management of their smart distribution grid?”
This question can be further decomposed to a series of sub-questions
(i.e. the circled blue-colored numbers in Figure 8) that will constitute
the main findings and conclusions of this study.
rq-1. Which are the requirements/constraints of a DSM-based dynamic congestion management system?
The requirements of such a system from the perspective of the DSO,
as stated before, are implicit in the literature. By identifying and documenting the requirements that rationalize functionalities, the architectural artifact would become sounder [46]. Furthermore, explicit
requirements can be mapped to functional entities and as such the
architecture would be able to be effectively evaluated and potentially
redesigned.
rq-2. What would be the possible roles that the DSO will take in a
(future) smart grid setting regarding DSM-based dynamic congestion management?
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A literature-based stakeholder analysis would serve as an input for
the initial design process iteration. During the evaluation of the functional architecture, the DSO’s role could be assessed. We expect changes
in roles and responsibilities to affect the drives of the architectural design (i.e. quality attributes and requirements), thus bringing it closer
to reality. Moreover, the assessment of the responsibilities in comparison to other actors could be facilitated by using an analysis framework (such as SWOT).

rq-3. Which technology decisions are the DSO confronted with in a
(future) smart grid for performing DSM-based dynamic congestion management?
The ICT strategy to be followed by the DSO is heavily depending
on technological decisions. These decisions should be made taking
into account the functionalities, capabilities and constraints of a DSMbased dynamic congestion management. Depending on the DSO’s
responsibilities (i.e. the business strategy), the ICT strategy could be
assessed based on the functional architecture design and vice versa.

rq-4. Which are the quality attributes (key drivers) to be taken into
account while designing the functional architecture for DSMbased dynamic congestion management in a (future) smart grid
setting?
We argue that, to our best of knowledge, literature lacks of explicit
key drivers from the viewpoint of the DSO regarding a DSM-based
dynamic congestion management system. Through the evaluation of
the functional architecture such drivers or qualities could be elicited.
These attributes could be used to drive and rationalize design decisions regarding the functionality of the system. As such, the architectural design could be assessed (or benchmarked in case of alternative
architectures) based on those quality attributes.

Since the goal of this research is to provide and evaluate a design, the
research questions are complemented by design questions (i.e. the
red-colored circled letters in Figure 8):
dq-1. How to design the functional architecture of a DSM-based dynamic congestion management system for the distribution grid,
based on commonly proposed assumptions / recommendations
found in the literature?
This architecture would initiate the iterations cycle of the design phase
(cf. Figure 9). We argue that this proposed architecture need to be the
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input for evaluating the ICT strategy that the DSO should follow in
the future. Deriving requirements from congestion management approaches proposed by other researchers would enable us to design an
initial draft architecture.
dq-2. How to improve the functional architecture of a DSM-based
dynamic congestion management system for the distribution
grid, based on evaluation points regarding quality attributes,
technological decisions, and functional roles of the DSO?
Improving the quality of the functional architecture also improves
the whole design process. This could result in a more accurate architectural design that bridges reality and literature. Providing reflection
points could support or falsify the recommendations and the assumptions that are found in previous studies.
4.5

methodology

The methodological framework that we use for conducting the study
is based on the Information Systems Research Framework (ISRF) of
Hevner et al. [27]. We feed our design process with business need
elicited from recent research and existing technology, and we analyze
and model the outcome as a functional architecture (cf. Figure 10).

Figure 10: Information Systems Research Framework. Adapted from [27]

The scope of this thesis is to initiate the design process iterations
for the functional architecture of a CMS. Following the Smart Grid
Architecture Model’s recommendations [54], we use that functional
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Figure 11: Customized ISRF

architecture as a representation of a broad consensus among several
stakeholders, regarding possible solutions for resolving congestion.
We customized the ISRF to the needs of our research, as illustrated
in Figure 11. From the literature we derive functional requirements
based on: a) the potential actors involved in the context of a CMS,
b) the DSO’s position regarding ICT processes and strategy, future
constraints and potential business value (i.e. congestion resolution),
and c) the technological aspects for facilitating a CMS.
Subsequently, we initiate the design phase by performing business
analysis and mapping the first draft of the functional architecture to
the previous studies (i.e. the building blocks). For evaluating and refining our architecture, we perform interviews with domain experts
and Dutch DSOs using a combined SWOT analysis. We base our customized SWOT analysis on [17], which proposes the combination of
the SWOT analysis for identifying business drivers, goals and requirements and the Architecture-based Trade-off Analysis Method (ATAM)
for validating the architectural design. Since we do not expect from
the participants to be familiar with ICT architectures and given the
time constraints of an 1.5-hours interview, an ATAM analysis would
not be a suitable tool. The SWOT analysis is more popular and intuitive that the ATAM analysis, which would require a serious overhead
in terms of learning time. For that reason we used a business-focused
SWOT and a technology-focused SWOT in order to capture business
and technology needs respectively.
The input from the interviews in turn is analyzed and used for
validating requirements and quality attributes of the CMS. It is first
transferred in a SWOT form, translated to an ATAM analysis (using
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the technology-focused SWOT as input), and finally it is modeled as
a functional architecture using the IDEF0 modeling language. Lastly,
the validated architecture is fed back to the design phase for further
refinement where we could assess the DSO’s roles, responsibilities
and technology decisions.
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CONGESTION MANAGEMENT SYSTEM DESIGN

In this part of the thesis the initial architecture is designed and mapped
to the literature findings. Note that the initial architecture served as
stimulus for discussion regarding the overall mechanism and also the
DSO’s position and responsibilities. The focus of the design is on actors performing specific functions. According to Buede [11]:
“a function of a system is a transformation process that
changes inputs into outputs. A system is modeled as having a single, top-level function that can be decomposed
into a hierarchy of functions.”
Given our focus, we identify functional requirements derived from
previous studies. We examine five sources (cf. §3) and we explicitly
state the actors and their engaged functions in such a way that allows
us to map them to our design. We deliberately chose not to use a formal modeling language (e.g. SysML, IDEF0, etc.) due to clarity and
simplicity reasons. Since this draft architecture is used as a medium
for communication with domain experts and given the time limits
of an interview, we intend to provide a readable and simplistic design. After feedback is received, in the subsequent chapters of this
document we discuss the re-design process of the system using a formal modeling language. This chapter provides the draft functional
architecture design and verification, and there follows discussion on
limitations and validity threats.
5.1

draft functional architecture design

By examining the literature sources we identify the value network [3]
of the involved actors. Taking into consideration all the participants of
a congestion management system, we constructed a high level model,
as depicted in Figure 12, that expresses the relations (in terms of services) between seven actors, namely: DSO, Flexibility Operator, Enduser, B2B Congestion Relief Marketplace, B2C Flexibility Marketplace,
Flexibility Aggregator and Smart Meter Aggregator. Each arrow indicates a service provided to and / or received from an actor. The Enduser provides services (value) to the Flexibility Operator by providing
the available flexibility. The B2C Marketplace provides services supporting the trade of flexibility between the Flexibility Operator and
the End-user. On the upper left side, the Flexibility Operator provides services to the DSO by resolving any congestion issues that are
placed in the B2B Marketplace, which in turn facilitates this trade of
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Figure 12: Value network diagram

B2B trade sequence

congestion relief. Regarding the Aggregators, they provide services
to the DSO and the Flexibility Operator, as they aggregate and provide operations-critical data. The dashed arrows though, indicate information flows, as the value direction is yet unknown. Simply put,
it is uncertain whether the End-user will give value to the Flexibility Aggregator (by offering flexibility as a service), or otherwise (the
FlexibilityAggregator providing flexibility management services).
Subsequently from the value network, we describe the system’s
information flows using UML sequence diagrams. We depict the B2B
and B2C trade in Figure 13 and Figure 14 respectively. The reason
to separate the information flows in two diagrams is due to clarity
reasons. It should be noted that the two trading operations could
be executed using both dependent and independent incentives. The
flexibility trade, for example, could be executed for (ultimate) reasons
other than congestion relief, such as network balancing.
In the B2B trade the DSO is using aggregate smart metering data
and uses it for facilitating its congestion detection function. When
congestion is detected (step 1), the DSO sends a congestion relief
request to the B2B marketplace (step 2), which in turn informs the
Flexibility Operator (step 3). The Flexibility Operator (given that it
has flexibility to offer) it sends to the market a plan and an offer for
relieving congestion (step 4), which the marketplace gathers (together
with other potential offers) and aggregates and sends them to the
DSO (step 5). The DSO then checks for the feasibility of the plans
both in technical and financial terms (step 6) and finally accepts or
rejects the offer(s) (step 7).
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Figure 13: Draft architecture–sequence diagram B2B market

Figure 14: Draft architecture–sequence diagram B2C market

In the B2C trade the Smart Device sends its flexibility to the Enduser (step 1). The End-user sends contract info, such as preferences regarding the provision of flexibility, (step 2) and also sends the overall
available flexibility and the contract info to the Flexibility Aggregator
(step 3). The Flexibility Aggregator in turn provides this information
to both the B2C Marketplace (step 4) and the Flexibility Operator
(step 5), for these parties to know the available flexibility and the
preferences of the End-users. The B2C Marketplace provides the contract and price info to the Flexibility Operator (step 6) in order for the
latter to be able to calculate a congestion relief plan and to acquire
a certain flexibility from the Aggregator (step 7). The Flexibility Aggregator then acquires the flexibility of the End-user (step 8), which
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means that it requires the End-user to change his / her behavior by
instructing the Smart devices to enact a specific action (step 9). The
Smart device informs the End-user of its actual performance (step 10)
and the overall End-user’s performance is sent back to the Flexibility Operator (step 11). In this way the Operator acknowledges the
execution of its plan and thus is able to send the actual congestion
relief plan and the bill / incentive for the End-user back to the B2C
Marketplace (step 12), which executes the trade.
5.2

functional requirements

Having defined the information flows of the CMS, while taking into
account the (implicit) requirements found in literature, this section
provides a list of functional requirements that reflects our design. We
further map these requirements to the draft functional architecture’s
building blocks for further traceability. Note that up to this point in
our research we do not provide any non-functional requirements, as
this is considered as one of the outcomes of our evaluation procedure.

Distributed System
Operator

fr.1 The DSO shall be able to detect and / or estimate congestion in
its grid based on a certain congestion threshold.
fr.1.1 The DSO shall be able to estimate the grid state.
fr.1.1.1 The DSO shall receive aggregated consumption
and generation data.
fr.1.1.2. The DSO shall be able to monitor its grid in
terms of voltage and current measurements.
fr.2 The DSO shall be able to place its congestion problem in the
market and receive a resolution.
fr.2.1 The DSO shall be able to request a congestion relief
plan.
fr.2.2 The DSO shall be able to receive aggregated congestion
relief plan(s) and offer(s).
fr.2.3 The DSO shall be able to check the feasibility of the
congestion relief plan(s) and offer(s) and based on that to
accept / reject them.
fr.2.4 The DSO shall pay for the congestion relief through the
B2B Congestion Relief Marketplace.

B2B Congestion
Relief Marketplace

fr.3 There should be a B2B Marketplace to support trading congestion relief.
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fr.3.1 The B2B Congestion Relief Marketplace shall receive
congestion relief signals from the DSO and inform the Flexibility Operator(s) accordingly.
fr.3.2 The B2B Congestion Relief Marketplace shall be able to
receive congestion relief plans and offers from the Flexibility Operator(s).
fr.3.3 The B2B Congestion Relief Marketplace shall be able to
aggregate congestion relief plans and offers from the Flexibility Operator(s) and send them to the DSO.
fr.3.4 The B2B Congestion Relief Marketplace shall receive acceptance / rejection signals from the DSO regarding congestion relief plans and offers, inform the Flexibility Operator(s) accordingly.
fr.3.5 The B2B Congestion Relief Marketplace, once an offer
and plan is accepted by the DSO, shall execute the trade of
congestion relief between the involved parties.

fr.4 There should be aggregation of smart metering data by the
Smart Meter Aggregator.

Smart Meter
Aggregator

fr.4.1 The Smart Meter Aggregator shall collect and aggregate
smart metering (consumption and generation) data from
the end-users.
fr.4.2 The Smart Meter Aggregator shall provide the DSO with
aggregated consumption and generation data.

fr.5 The End-user shall provide demand response in return of a
(monetary) compensation.
fr.5.1 The End-user shall provide the Smart Metering Aggregator with smart metering data.
fr.5.2 The End-user shall be able to calculate his / her total
available flexibility.
fr.5.3 The End-user shall provide information to the Flexibility Aggregator regarding his / her available flexibility.
fr.5.4 The End-user shall be able to set his / her personal preferences regarding the availability of his / her flexibility.
fr.5.5 The End-user shall provide information regarding his /
her contract-related preferences (e.g. preferences regarding
time, price, provision of flexibility, etc).
fr.5.6 The End-user shall be able to receive acquisition signals
regarding his / her available flexibility.
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fr.5.7 The End-user shall respond to the flexibility acquisition
signals (if they do not violate his / her preferences) by
altering his / her smart devices’ behavior accordingly.
fr.5.8 The End-user shall provide data regarding his / her
smart devices’ overall performance (stimulated by the flexibility acquisition signals).
fr.5.9 The End-user shall receive a (monetary) compensation
for providing his / her availability from the B2C Flexibility
Marketplace.

Flexibility
Aggregator

fr.6 There should be aggregation and deaggregation of flexibility
data by the Flexibility Aggregator.
fr.6.1 The Flexibility Aggregator shall collect and aggregate
flexibility data from the end-users.
fr.6.2 The Flexibility Aggregator shall provide the Flexibility
Operator and the B2C Flexibility Marketplace with aggregated flexibility data.
fr.6.3 The Flexibility Aggregator shall be able to deaggregate
flexibility data upon receiving- and according to flexibility
acquisition signals.
fr.6.4 The Flexibility Aggregator shall acquire the flexibility
from the End-user by communicating specific actions engagement.

Flexibility Operator

fr.7 There shall be a Flexibility Operator for turning the flexibility
of the End-user into congestion relief for the DSO.
fr.7.1 The Flexibility Operator shall calculate congestion relief
plans and offers, based on congestion relief plan availability, upon receiving congestion relief requests from the B2B
Congestion Relief Marketplace.
fr.7.2 The Flexibility Operator shall calculate congestion relief
planning, based on performance information, aggregated
flexibility data, and contract and prices information.
fr.7.3 The Flexibility Operator shall perform the billing for the
flexibility bought and used for the congestion relief plan,
based on performance data, and communicate the billing
info to the B2C Flexibility Marketplace.
fr.7.4 The Flexibility Operator shall initiate congestion relief
execution by sending a signal to the Flexibility Aggregator.
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fr.7.5 The Flexibility Operator shall initiate the flexibility trade
in the B2C flexibility Marketplace by sending a request signal.
fr.7.6 The Flexibility Operator shall provide the congestion relief plan to the B2B Flexibility Marketplace.
fr.7.7 The Flexibility Operator shall receive the End-users’ performance.
The aforementioned functional requirements express the draft functional architecture, as illustrated in the high level design of Figure 15
and in the decomposed design of Figure 16.
5.3

actors and functions: mapping to literature

For outlining the roles and the functions we use a common method of
modeling: UML sequence diagrams. The diagrams give us a common
ground for mapping the draft architecture with literature findings.
Since not all sources examine congestion management per se, we expect to encounter deviations from our scope and more generic functions and responsibilities. For example, the FINSENY project studies
DSM and not congestion in specific. Still, we use this important information to deepen into our focal use case. It should be noted that
some of the sources we analyze assign functions to certain actors (e.g.
the SG-CG report implies that the Flexibility Operator is responsible
for flexibility data aggregation and de-aggregation). Due to the uncertainty of the future situation (as it is examined in our research)
and the unclear objectives of the generic stakeholders, we unbundle
responsibilities and describe them as independent functions. This allows us to be flexible in deriving the common functional architecture
for a CMS.
A scenario described in [12] is found to be repetitive, as it had been
expressed in a similar way by various use cases. Taking into account
the functional architecture of flexibility described in the report (cf.
Figures 6 and 7) we derived the sequence diagram as depicted in Figure 17 on page 48. The diagram describes the aggregation of smart
metering and flexibility aggregation and de-aggregation. The paper
assigns aggregation and de-aggregation of flexibility data to the Flexibility Operator. Only the load (i.e. consumption) information derived
from the consumers, and not the flexibility, is ultimately sent to the
DSO, as an input for feasibility evaluation. This evaluation takes into
account the technical (load, grid estimate, flexibility plan) feasibility
of the Flexibility Operator’s proposed plan on how flexibility will be
utilized, which is sent via the Market. If the plan is considered feasible then the market is cleared and load shifting signals are sent to
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the consumer’s smart devices, initiated from the Flexibility Operator
via the de-aggregation function. As for the collection of loads and
the calculation of the flexibility in the consumer’s side, the Consumer
Energy Manager (CEM) system is responsible for preforming these
tasks. The involved actors are:
• Consumer: Smart device, smart meter, CEM (Customer Energy
Manager)
• Flexibility Operator
• DSO
• Market
FINSENY 285135
report

The functional architecture of DSM marketplaces described in [43]
is highly related to the focus of this document. The architecture is
modeling DSM in general, but we see a relevance between DSM and
congestion relief functions (i.e. planning and analysis). In the same
context, we relate the Demand-side Manager to the Flexibility Operator role, and the Energy Management (EMS) and Device Control
(DCS) functions to the functions fulfilled by a general energy management automation system (the same concept that is described as
CEM in the SG-CG report). An important difference in comparison
to the other sources, regards the detailed description of the marketplaces and the interactions with the actors. The sequence diagram of
Figure 18 on page 49 describes the trade of flexibility-related products in the B2B Marketplace and of flexibility in the B2C Marketplace.
The available flexibility though is implied (only consumption data is
sent to the DSM analysis in step 6.1) and the DSM plan is sent to the
DSM Manager, who in turn offers it to the DSO via the B2B Marketplace. The paper does not refer to congestion estimation / detection
and the role of the B2C Marketplace is rather implicit. The overall
involved actors are:
• Consumer: Smart device, EMS (Energy Management System),
DCS (Device Control System)
• DSM Manager: DSM Analysis, DSM Planning
• B2C Marketplace: Demand-Side Contract Management
• B2B Marketplace
• DSO

Kadurek et al., 2011

In the study of [35] a rather simplistic view is given on the overall
congestion management operation, as the paper focuses on simulating DSM as a congestion relief method. Thus, the incentive for the
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end-user’s participation in the system has not been taken into account. The diagram of Figure 19 on page 50 includes smart metering
data collection and aggregation in the DSO’s responsibilities, as this
information, together with the grid estimate (in substation level), is
needed for evaluating congestion. The DSO is also capable of enacting an action upon the end-user’s smart devices. The involved actors
are:
• Consumer: Smart meter
• DSO: Smart Meter Collection, Smart Meter Aggregation, Grid
State Estimation, Congestion Evaluation, Prevention
The approach of [9] indicates a market-based congestion management
operation. The problem owner is the Balance Responsible Party (BRP)
that needs to optimize its portfolio. Since the BRP operates the flexibility of the End-user, we partly relate it to the Flexibility Operator
role mentioned in the previous literature sources. As the diagram of
Figure 20 on page 50 shows, the metering and flexibility data eventually get to the BRP in an aggregated form, though the aggregation is
not stated as a separate party’s responsibility but the BRP’s. The BRP
sends a DSM plan to the DSO, the DSO in turn estimates congestion
and sends a price signal to the BRP. Note that there is not an explicit
market entity that takes care of the bidding function (even though a
clearing operation is mentioned), and that the BRP is capable of performing DSM upon the end-user’s smart devices. The engaged actors
are:

Biegel et al., 2012

• Consumer: Smart device
• BRP: Measurements Collection, Measurements Aggregation, Plan
Calculation
• DSO: Congestion Calculation
Lastly, the approach of [4] has three variations of congestion management operations. We take into consideration only the two, namely
“distribution grid capacity market” and “dynamic grid tariff”, as they
are relevant with our research. The diagram of Figure 21 on page 51
illustrates that flexibility is collected and aggregated by the Fleet Operator. Similarly to the previous literature sources the Fleet Operator
is related to the Flexibility Operator, since is the one who uses the
flexibility of the end-users (the EVs) for facilitating the congestion
prevention operations of the DSO. The DSO is responsible for gathering and aggregating smart metering data that ultimately, together
with the grid’s state, feed the congestion estimation function. In the
first variation of the paper, the Market Operator is responsible for
estimating congestion, while in the second one, the congestion estimation is performed by the DSO. Nevertheless, the Market Operator
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is always facilitating the interactions between the Fleet Operator and
the DSO. Finally, the Fleet Operator is the one that performs DSM by
scheduling its fleet’s charging plan. The involved actors are:
• Consumer: EVs, Smart Meter
• Fleet Operator: Flexibility Data Collection, Flexibility Data Aggregation
• DSO: Smart Meter Collection, Smart Meter Aggregation, Congestion Estimation (variation B “dynamic grid tariff ”)
• Market Operator: Congestion Estimation (variation A “distribution grid capacity market”)
5.4

draft functional architecture validation

For verifying the functional architecture with the implicit requirements found in the literature, we provide a mapping between the list
of requirements of §5.2 and the examined studies (Tables 2, 3,4,5,6
and 7, on page 52). This mapping provides an insight of how all the
studies overlap up to certain extend. We see that while the FINSENY
study does meet most of the requirements of our draft architecture,
it misses smart meter and flexibility aggregation functionality. Another point of attention is functional requirement FR.7.31 that is not
fulfilled by any study. It is a decision point we take in designing our
architecture. Since billing is not discussed in any of the examined
literature, we decide to include it in our design for evaluating this
process within a CMS.
5.5

limitations

It has to be noted that our literature search cannot be considered as
exhaustive, as time limits apply to our research. Having no time limits would equip us with more certainty regarding other studies that
could be taken into consideration for the design process. Nevertheless, our search indicated only five relevant studies and one more
regarding the key drivers for a congestion control system [5].
Additionally, the limited experience of the author in the energy
domain should be noted. Since the domain expertise was built up
as this thesis was progressing, in this early design stage the limited
experience might be reflected. Although that is considered as limitation, it might have proved useful for the overall research conduction.
The draft architecture gives space for errors or for incomplete rationalized design decisions, which in turn may provoke and stimulate
1 FR.7.3 “The Flexibility Operator shall perform the billing for the flexibility bought
and used for the congestion relief plan, based on performance data, and communicate the billing info to the B2C Flexibility Marketplace”
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discussion easier during the evaluation phase. We expect imperfections in the architecture to be outlined and further excluded during
the iterations of the design process.
Lastly, the functional architecture is not designed in a formal modeling language. The reasoning behind this decision is supported by
clarity and understandability issues that we need to avoid during the
evaluation stage. Nevertheless, we identify this decision point as a
limitation to our study, because lack of semantics, that a formal modeling language normally has, may not provide the right representation (e.g. undefined abstraction layers, different meaning of arrows,
etc).

[ August 3, 2013 at 15:39 – K. Tselios, IEM Master Thesis version 1 ]

45

46

congestion management system design

Figure 15: High level draft functional architecture
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Figure 16: First level decomposition draft functional architecture
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Figure 17: Sequence diagram derived from the SG-CG report, 2012 [13]
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Figure 18: Sequence diagram derived from the FINSENY 285135 report,
2011 [43]
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Figure 19: Sequence diagram derived from Kadurek et al., 2011 [35]

Figure 20: Sequence diagram derived from Biegel et al., 2012 [9]
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Figure 21: Sequence diagram derived from Andersen et al., 2012 [4]
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FR.1.1.1
FR.1.1.2
FR.2
FR.2.1
FR.2.2
FR.2.3

!

FR.2.4

!
!

!
!
!

Biegel et al., 2012

Kadurek et al., 2011

Andersen et al., 2012 (B)

FR.1.1

!
!
!

Andersen et al., 2012 (A)

FR.1

FINSENY report
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SG-CG report
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Distributed System Operator

!
!
!
!
!
!
!

!
!
!
!

!

!
!

!

Andersen et al., 2012 (B)

Andersen et al., 2012 (A)

Biegel et al., 2012

Kadurek et al., 2011

SG-CG

FINSENY report

Table 2: Functional requirements mapping: DSO

report
B2B Congestion Relief Marketplace
FR.3
FR.3.1
FR.3.2
FR.3.3
FR.3.4
FR.3.5

!
!
!
!
!

!
!
!
!
!
!

Table 3: Functional requirements mapping: B2C Congestion Relief Marketplace
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Andersen et al., 2012 (A)

Andersen et al., 2012 (B)

Biegel et al., 2012

Kadurek et al., 2011

SG-CG

FINSENY report

5.5 limitations

!
!
!

!
!
!
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FR.4
FR.4.1
FR.4.2

!
!
!

Smart Meter Aggregator

!
!
!

!
!

Biegel et al., 2012

Andersen et al., 2012 (A)

Andersen et al., 2012 (B)

Kadurek et al., 2011

SG-CG

FINSENY report

Table 4: Functional requirements mapping: Smart Meter Aggregator

!
!
!

!
!
!

!
!
!

!
!

!
!

!
!

report

FR.5
FR.5.1
FR.5.2
FR.5.3

!
!
!

FR.5.4
FR.5.5
FR.5.6
FR.5.7
FR.5.8
FR.5.9

!
!

!
!
!
!
!
!
!
!

End-user

!
!
!

Table 5: Functional requirements mapping: End-user
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Biegel et al., 2012

Andersen et al., 2012 (A)

Andersen et al., 2012 (B)

SG-CG

Kadurek et al., 2011
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FINSENY report
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!

!

!

report

FR.6
FR.6.1
FR.6.2
FR.6.3
FR.6.4

!
!
!
!
!

Flexibility Aggregator

Andersen et al., 2012 (A)

Andersen et al., 2012 (B)

!

!

!

!

Biegel et al., 2012

FINSENY report

SG-CG

Kadurek et al., 2011

Table 6: Functional requirements mapping: Flexibility Aggregator

report

FR.7
FR.7.1

!
!

FR.7.2
FR.7.3
FR.7.4
FR.7.5
FR.7.6
FR.7.7

!
!
!

Flexibility Operator

!
!
!
!
!
!

!

Table 7: Functional requirements mapping: Flexibility Operator
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6

E VA L U AT I O N D E S I G N A N D O P E R AT I O N

This chapter introduces and explains the procedure we followed for
conducting the evaluation of our design. We conducted interviews
with experts and we captured their viewpoints that subsequently
help us in evaluating our design. By receiving feedback from the real
world, we initiate the design cycle’s iterations aiming at improving
the draft functional architecture to better fit real requirements. This
chapter provides the interviews design and planning, the tools we
used for conducting the interviews, and lastly, discusses limitation
and observation points.
6.1

interviews design

The ideal time for an interview was considered to be 1.5 hours, since
it would be acceptable from the participants yet satisfactory for capturing evaluation points. As a tool for providing structure and capturing the interviews we considered two methods; SWOT and ATAM
(Architecture Tradeoff Analysis Method) [37]. The SWOT analysis
was considered for capturing the business viewpoint and the ATAM
for capturing the technical viewpoint of the participants. The rationale for supporting this argument is based on the goal of this thesis to evaluate the roles of the DSO (cf. §4.4, question 2)—the business viewpoint—and identify the technological decisions to steer the
DSO’s IT strategy (cf. §4.4, question 3)—the technology viewpoint.
This approach was based on the work of Colquitt et al. [17].
Using the ATAM as an evaluation points elicitation tool would require separating the whole architectural design into 4-5 subsystems
(e.g. monitoring, B2B flexibility trading, B2C flexibility trading, etc.)
and performing the ATAM analysis in each of them. Given the fact
that each subsystem’s analysis would exceed the given time limit of
an interview, we considered prioritizing and applying the method to
maximum two subsystems. This would eliminate some parts of the
architecture from being assessed, thus resulting in a limited feedback
on the system. Moreover, ATAM would still need to be explained and
we would need to train the participants for using it. This would require extra time and effort, which could easily exceed the time limit
of 1.5 hours.
Since we needed to capture both the business and technology perspectives and the ATAM would be a dangerous choice in terms of
time, based on the recommendations of [17] we considered applying
the SWOT analysis to certain focal points. The participants would
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Figure 22: Business and technology SWOT

be asked to identify strengths, weaknesses, opportunities and threats
of the business and technology aspects from the DSO’s seat (cf. Figure 22). Based on arguments in the field of software architecture and
requirements engineering we used a scenario-based approach to capture business goals and technical constraints [16]. The scenarios we
used regarded the change of the DSO’s role. The three scenarios we
used were a) the DSO takes over the Flexibility Operator role; b) the
DSO takes over the Flexibility Aggregator role; and c) the DSO takes
over both the Flexibility Operator and Flexibility Aggregator roles.
For facilitating the discussion and to make it easier for the participants to come up with arguments regarding the SWOT analysis, we
introduced the “versus” concept (i.e. the DSO is the Flexibility Operator versus is not the Flexibility Operator). This feeling of comparison
i was introduced to make it easier for the participants to identify decision points [32].
6.2

planning

We first approached domain experts in order to provide us with feedback based on their expertise regarding their view on our functional
architecture. We sent invitations to candidates for participating in our
study, based on their filed of expertise, informing them about the
study, the interview and its goals. We managed to get five responses
and to arrange 1.5-hours sessions with the participants. After getting
in contact, we asked the participants to lay contact with people working for a DSO that could be interested in our study. The goal was to interview people from industry in order to get feedback, potentially by
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6.2 planning

Figure 23: Liander and Westland Infra map of operations. Adapted from
[22]

benchmarking with the approaches the industry currently uses or examines. We finally interviewed two people, knowledgeable about congestion management in the distribution grid, from two DSOs; namely
Liander and Westland Infra.
The interviews planing regarded first interviewing domain experts
(researchers) and subsequently industrial experts (DSOs). Given that
interviews with industrial experts are more difficult to be arranged,
we wanted to have a solid interview protocol aiming at eliminating
any problematic points. By conducting interviews with researchers,
we identified points that hindered the process by resulting in a more
fruitful evaluation and a more solid protocol.
Lastly, we increased the validity of our research, since not only the
background of the participants is wide (from ICT to electrical engineering), but also the DSO’s business cases are significantly different
(cf. Figure 23). Liander is the biggest utility company in the Netherlands operating in Gelderland, Noord-Holland and in some parts of
Flevoland, Friesland and Zuid-Holland. On the other hand, Westland
infra is only operating in Westland and Midden-Delfland and its clientele includes many greenhouses. While Liander is mainly focusing on
small consumers, Westland Infra focuses on greenhouses, which consume energy for lighting and they generate power as a byproduct of
their heating infrastructure.

[ August 3, 2013 at 15:39 – K. Tselios, IEM Master Thesis version 1 ]

59

60

evaluation design and operation

6.3

interviews conduction

For conducting the interviews we constructed a protocol that we followed in each session. According to feedback from our pilot session
(cf. §A.1) the draft functional architecture was too complicated for
one to understand in such a short time as required from the session.
This lead us to use the value network diagram (cf. Figure 12) and
the sequence diagrams (cf. Figures 13, 14), excluding the draft functional architecture (cf. Figure 16). Ultimately we used the protocol as
follows:
1. Introduce the reason of the study: “Identifying the impact of a dynamic congestion management system from the scope of the DSO”

2. Explain the value network model
3. Ask if the participant is comfortable with what is going on in the model
4. Ask “are there any comments for the architecture?” Try to identify misconceptions, objections, errors, etc.

5. Explain the sequence diagrams
6. Repeat steps 3 and 4
7. Briefly explain the SWOT analysis (even though the participant claims familiarity with the method)

8. Explain why we have business and technology analysis. Give examples: Business regards impact on bargaining power, supply chain changes, dependencies over third parties, asset management, utilization of the grid, investments,
etc. Technology regards change in existing systems, data management, security & privacy, innovation, technological investments, system maintainability,
etc.

9. Explain scenario 1, 2 and 3
10. Ask “are there any comments / questions regarding the scenarios?” Try to
identify misconceptions, objections, errors, etc.

11. Set a limit of approx. 10 minutes for filling in the Business SWOT analysis of
each scenario

12. Set a limit of approx. 10 minutes for filling in the Technology SWOT analysis
of each scenario

13. Ask for any comments, or stimulate discussion on a matter that seems to be
misconceived or that it has not been given the right attention

14. Thank the participant
15. Inform the participant of receiving a copy of the final report of the research
It should be noted that there were several adjustments to the protocol, since some participants gave a natural weight to one of the two
SWOT aspects or the time spent on explaining the system was more
than planned. The interview in Liander hardly followed the protocol
due to the different viewpoint presented by the participant (cf. §A.6).
Nevertheless, all the other interviews followed the protocol to a great
extend.
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We used two moderators in the sessions in order for one to be more
focused on taking care of the administrational issues (i.e. introducing
the research, the models, audio capturing the sessions, etc), while the
other was more focused on stimulating and steering the discussion.
This approach shifted towards a more focus group-like setting rather
than a simple interview. We ended up having seven interviews of
approximately 1.5 hours duration and we captured them in audio
format. Subsequently we transcribed them and further used them in
order to perform our SWOT analyses. All the transcribed sessions can
be found in the Appendix A.
6.4

limitations

The first limitation point regards the limited time of 1.5 hours per session. This might have affected the quality of our results as well as the
quantity of the comments and feedback. Increasing the time though
might have proved unacceptable from the participants regarding their
agendas. It would have made our planning more rigid, making it
more difficult to get candidates participating in our study.
The second point that might have affected our study regards the
number of participants. Having more participants providing feedback
regarding the system, the more solid the feedback could be. Having
more opinions could allow us identify more evaluation points. Nevertheless, we already experienced many common viewpoints among
the participants that kept appearing session by session. It is uncertain
though if a significant amount of additional points would be revealed.
Another point that would also affect the validity of our study, is
about the level of confidence of the statements of the participants.
Even though we could identify up to a certain extend the level of confidence of a statement, it stays implicit and could not be easily transferred by the transcribed sessions found in Appendix A. We consider
that as an improvement point that could be useful while analyzing
the data and producing results and recommendations.
Lastly, the fourth point regards the lack of a pre-session questionnaire—
in order to inform the participants about the research topic—and the
limited number of sessions conducted [40]. By informing the participants providing them a questionnaire in forehand, could increase
the levels of understanding and (eventually) engagement. In the future we propose keeping the sessions’ time frame of 1.5 hours, but
increasing the number of sessions per participant, depending on the
familiarity with the topic and / or the system, and the outcome of
the session.
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6.5

observations

Almost all participants commented on the scenarios’ small possibility of occurrence. This means that there was a common view on the
DSO’s unlikeliness of taking over the roles of the Flexibility Operator and the Flexibility Aggregator. The participants brought up many
arguments for the DSO to only perform its current operations and
not those of the Flexibility Operator and Aggregator. The DSO would
take over another role due to legislative issues. For instance, if the
legislators “force” the DSO to take over the role of the Flexibility
Aggregator, this would have to do with the obligation of the state
to protect the consumer’s data from being exposed and potentially
exploited. However, by pushing the participants to envision such scenarios, even if they find them highly unlikely to happen, brought up
valid and useful points on optimizing the DSO’s operations.
Furthermore, we identified no major differences in the scenario
where the DSO is both the Flexibility Operator and the Flexibility
Aggregator. This scenario brought up limited evaluation points that
mainly regarded synergy and control in favor of the DSO’s operations.
The technology SWOT provided us also a limited view, but none the
less it outlined important technological decisions.
6.6

summary

We conducted seven interviews of 1.5 hours using scenario-based
SWOT analysis for structuring the sessions. Since we needed to capture both the business and technology viewpoints of the participants,
we used a business-focused and a technology-focused SWOT analysis.
The scenarios regarded a) the DSO taking over the Flexibility Operator role; b) the DSO taking over the Flexibility Aggregator role; and
c) the DSO taking over both the Flexibility Operator and Flexibility
Aggregator roles.
The protocol that we used for conducting the interviews included
introducing the value network and the sequence diagrams, and asking the participants to provide business-related and technology-related
feedback. Two persons were moderating the sessions and we captured the interviews in audio format, to be transcribed (cf. Appendix
A) and used for further analysis. The limitations we identified for the
whole interview procedure are reflected in four points; the time limit
of 1.5 hour per session, the limited number of participants, the lack
of confidence level of the participants’ statements, and lastly, the lack
of factors to increase the levels of understanding and engagement
(i.e. the lack of a pre-session questionnaire and the limited number of
sessions we conducted).
During the conduction of the interviews we observed a common
view on on the DSO’s unlikeliness of taking over the roles of the Flex-
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ibility Operator and the Flexibility Aggregator. Even though this opinion existed, the discussion simulated from the scenarios was fruitful
and revealed many evaluation points. Only the scenario where the
DSO is both the Flexibility Operator and the Flexibility Aggregator
brought limited results, mainly for the synergy and control that is
in favor of the DSO’s operations. Lastly, although the technologyfocused SWOT revealed technological decisions, quantity-wise it was
weaker than the business-relevant SWOT analysis.
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7

D ATA A N A LY S I S

After transcribing the interviews audio captures, we categorize the
content into three sections: system-related feedback, scenario-based
(business and technological) SWOT and notes. The technical feedback
provides us with insights regarding architectural evaluation points
and identification of important quality attributes. The scenario-based
SWOT reveals business- and technology-related recommendations,
risks and implications, while the “notes” category stimulates discussion regarding the overall design process.
The technical feedback was elicited from the discussion regarding
the value network model and the sequence diagrams. While asking
the participants to express their thoughts regarding the system and
its functions, they provided recommendations pointing out controversial information flows and / or components. We note this kind of
feedback in order to map it with to our architecture scoping in integrating or improving its quality. Moreover, we identify statements
relevant to the context of quality attributes. This allows us to outline
important system qualities that should be taken in consideration for
the design process of a congestion management system.
We observed that the business and technology SWOT were tightly
coupled, since many factors affect both worlds. For facilitating our
analysis, we separate the business from the technology views based
on impacts or effects on one of the two fields. When the feedback
regards impacts on the operations, roles, business processes and business model of the DSO then we categorize it as business-related SWOT.
On the other hand, when the feedback regards technology decisions,
implications or tradeoffs, we include it in the technology SWOT.
7.1

technical feedback

In this section we list the interviews and outline feedback related to
design evaluation and validation of our draft functional architecture
as well as the definition of the discussed quality attributes.
Interview 1 – Participant BR
• System-related feedback
– The grid topology should be known to the Flexibility Operator. Locational data might be needed from the Flexibility
Operator for resolving congestion.
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– On the other hand this kind of information should not be
entirely available to other parties than the DSO because
they could identify weak spots in the grid.
– The level of aggregation should be taken into account. If aggregation is introduced for privacy reasons, in small scale
privacy might be jeopardized.
– It might not be mandatory for consumption and generation information to be an input of the B2B market. Flexibility data might be enough to serve as input.
• Quality attributes
– Privacy: in terms of sensitive end-user and DSO data.
– Accuracy: in terms of data needed for performing congestion relief,
– Tradeoff between privacy and accuracy: the privacy of the
DSO is jeopardized as it provides sensitive data (topology)
for facilitating the operations of congestion relief,
Interview 2 – Participant RW
• System-related feedback
– It is important the fact of who gets the priority in buying
flexibility in a market where monetary incentives steer the
actual trade. The DSO probably has a natural weight in
buying flexibility for resolving and relieving congestion.
– By having the Flexibility Aggregator sending aggregated
flexibility and contract information to the B2C market, the
responsibility of the Aggregator gets bigger. Such a setting
might prove being dangerous, as it is controversial who is
performing the matchmaking between the Flexibility Operator and the end-users.
– One would assume that the end-user has a contract with a
Flexibility Operator, so the latter would be responsible for
sending contract information to the B2C market and not
the other way around.
– If the load is shifted somewhere in the grid then problems
might appear in another part of it (e.g. creating congestion in another area of the grid). There should be some
mechanism for mitigation to take care of the byproducts of
congestion relief.
• Quality attributes
– Privacy: in terms of aggregation for keeping the data of the
end-user private.
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– Fairness: in terms of the market being fair to all traders that
participate in it and want to buy and sell flexibility.
– Efficiency: in terms of the market being able to support all
traders and at the same time to result in congestion relief.
– Tradeoff between efficiency and fairness: if the DSO has a
priority in buying flexibility for congestion relief, then the
market might get skewed and fairness might be jeopardized.
Interview 3 – Participant WT
• System-related feedback
– If the end-user already has a contract with the Flexibility
Operator, then the intermediaries might not be necessary.
If the contract information just regards the preference of
the end-user and not a prior binding with the Flexibility
Operator, then the market would easier justify its existence.
– If the end-user has a contract with the Flexibility Operator
but the flexibility is acquired via the Flexibility Aggregator
due to privacy reasons, then this might be redundant.
– The direct communication of performance from the enduser to the Flexibility Operator is contradictory with respect to the privacy concern. The Flexibility Operator with
this information could have an insight on the end-user’s behavior. The performance information flow should be propagated via the Flexibility Aggregator for privacy reasons.
– If the Flexibility Aggregator entity is necessary to issue the
privacy concern and its role regards aggregating and deaggregating flexibility and performance data, then it might
not be possible for the Flexibility Operator to bill an enduser without directly knowing its (non-aggregated) performance. Then this responsibility could be shifted to either the market or the Flexibility Aggregator itself. Subsequently the market or the Flexibility Aggregator would
send billing info to the Flexibility Operator. In this way
the value flow would still go from the Flexibility Operator to the end-user for providing flexibility. Consider the
Amsterdam Power Exchange market, where the matching
between buyers and sellers is being performed without direct interference of the parties. Then the market operator
takes care of who is to be compensated and who is to be
charged.
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• Quality attributes
– Complexity: in terms of unnecessary or redundant components or information flows.
– Security: in terms of communication vulnerabilities or exploits due to sensitive end-user data.
– Interoperability: in terms of subsystems smooth interactions
– Availability: in terms of availability of subsystems
– Tradeoff between complexity and security: the more layers or
components of security are added, the more the complexity
of the system increases (i.e. more communication points).
Interview 4 – Participant RK
• System-related feedback
– A key performance parameter would be the guarantee that
if a certain incentive is sent out to an end-user for delivering flexibility, this flexibility is actually provided. For example, X% discrepancy allowed of what has been promised,
or the Flexibility Operator (or DSO) is calculating a plan
taking this discrepancy into account (e.g. acquired flexibility = flexibility needed + X%).
– Currently the end-user pays a capacity-based tariff. For
congestion relief the use of a time-dependent capacity tariff
would be more reasonable than the (static) capacity tariff.
– The more the responsibilities lie towards the DSO the more
flexibility is treated as a fixed asset in the system, so dynamic flexibility trade is not possible anymore.
– There will be a market pool for applications like dynamic
congestion management. But still the service provider or
Aggregator will have to ensure that the end-user’s privacy
is not at stake by delivering this high-resolution consumption / production / flexibility data.
• Quality attributes
– Performance: in terms of the system being able provide congestion relief.
– Privacy: in terms of aggregation for keeping the data of the
end-user private.
– Tradeoff between performance and privacy: real time data
that is needed for congestion relief would infringe privacy
even more (especially compared to smart metering data
that even though it is non real-time is still quite sensitive).
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Interview 5 – Participant MK
• System-related feedback
– Typically, more than 90% of the time, the DSO will not
need the flexibility to resolve congestion. But when the
DSO needs it, it should override markets selling flexibility
for cases other than congestion relief.
– The Flexibility Market could be a conceptual (implicit) entity to represent a direct relation between the end-user and
the Flexibility Operator. But on the other hand there could
also be a marketplace where end-user offers flexibility and
a buyer reacts on that. The notion is that there would be an
implicit market and then the relation between the end-user
and one or multiple Flexibility Operators is direct.
– The communication flow “performance” that is sent from
the end-user directly to the Flexibility Operator, bypassing
the Flexibility Aggregator is breaking the system’s consistency.
– The billing could alternatively be performed via the Flexibility Aggregator. All performance data is collected by
the Flexibility Aggregator and in turn the Flexibility Operator gets informed about the performance realized by
the Flexibility Aggregator and needs to be compensated.
Subsequently, since the Flexibility Aggregator knows how
the end-users performed, it could compensate them with
money it received from the Flexibility Operator.
– In order to aggregate the flexibility correctly (or usefully)
to make it a congestion relief product, the Flexibility Operator needs some understanding of the grid in order to
provide the service. If there is a need to make a product
for the DSO then flexibility would have to be aggregated
differently than if there is a need to sell it to a BRP. The
aggregation for the DSO would be more complex because
the grid’s structure should be taken in consideration due
to the need for locality data.
– It is almost certain that the aggregation level might never
match the problem exactly, so some discrepancies should
be taken into account for defining the need for congestion
relief.
– It is desired to avoid the DSO using hard measures (i.e.
shutting parties off the grid) because of lack of flexibility
in the market. The result would be a inefficiency in the
market. If the flexibility is sold out for some other purpose, then the DSO would have no other option than apply-
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ing hard measures. Then the flexibility sold to the “wrong”
party is lost anyway.
– The time window for safe operations in order to resolve
congestion is an important requirement for the market mechanism, in terms of how fast the reaction should be to actually resolve or avoid congestion issues.
– The flexibility is not lossless, due to the fact that is multidimensional and by aggregating it some dimensions get
lost.
• Quality attributes
– Complexity: in terms of separate roles and numerous actors
and components participating in the system.
– Robustness: in terms of synergy and tight cooperation between processes.
– Fairness: in terms of the market being fair to all traders that
participate in it and want to buy and sell flexibility.
– Accuracy: in terms of data provided from flexibility towards
congestion relief.
– Privacy: in terms of keeping the data of the end-user private.
– Performance: in terms of response time and communication
between several subsystems.
– Tradeoff between accuracy and privacy: with aggregation
being important to keep the privacy of the end-user’s data
there might be losses in aggregated flexibility data that
could jeopardize accuracy.
Interview 6 – Participant HB from Liander
• System-related feedback
– There is a need for the DSO to make sure that the end-user
will do something to lower his load in reaction to flexibility
acquisition. There could be a mechanism to make sure that
the end-user performed as promised. If not, then maybe
some short of “penalty” could be applied to the end-user.
Interview 7 – Participant AS from Westland Infra
• System-related feedback
– Besides from the available flexibility, the DSO would like to
know what the end-user will do in a few minutes / hours.
There is a chance that the DSO will buy flexibility for an
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estimated situation that is not going to happen. For bigger
consumers (i.e. greenhouses) Westland Infra has their programs. An additional input to the proposed system would
be a similar information stream from the end-user.
– The Flexibility Operator needs to be informed about the
acceptance of the offer from the end-user. In a similar congestion management system developed by Westland Infra,
there was an emergency for the case where the end-users
did not act as promised; they were shut off the grid.
– Due to the fact that congestion heavily depends on time,
there could not be enough time to have many parties involved in the negotiations phase. This outlines that the congestion management system is time-critical.
– The Flexibility Operator would need to know where is the
problem in the grid for making an offer for congestion relief. The DSO will need to share information with other
parties that could offer a solution, such as topology and
faults.
• Quality attributes
– Fault tolerance: in terms of assurance that every party keeps
its promise and performs as expected.
– Accuracy: in terms of data regarding flexibility and congestion relief products.
– Performance: in terms of time needed for safely performing
business processes that will lead to congestion relief, and
high utilization of the grid.
7.2

business swot

The business SWOT is presented in this section under each scenario
we used for stimulating discussion with the participants.
Scenario 1 – the DSO is the Flexibility Operator
• Strengths
– The DSO avoids others to harvest (all) the flexibility and
sell it for other cases than congestion management (RW,
MK)
– The DSO has a lot of experience in the energy market, thus
could operate well (WT)
– The DSO avoids other parties taking over the FO role that
are not familiar with these markets and perform badly in
such a critical for the DSO role (WT)
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– Possibility for having a sounder business case for using
flexibility also for other purposes than congestion. In this
way the DSO avoids providing lower incentives to endusers that could lead to not having the flexibility needed
to relief congestion (WT)
– The DSO manages better the value chain and interaction
for creating and providing congestion relief services (MK)
• Weaknesses
– More out of scope workload (BR); the DSO does not remain
in original operations and gets more responsibilities (WT);
Outside their core competencies (RK)
– No knowledge in taking over commercial roles in a trading
market (BR)
– No experience in dealing with the Flexibility Operator business (WT)
– The DSO cannot ensure the quality of service, as there is no
competition to increase the incentives for good Flexibility
Operators (RK)
– Dynamic billing of end-users is out of the core competencies of the DSO, because it adds an extra step towards a
much more direct relation with the end-user (MK)
• Opportunities
– The DSO would make use of the flexibility it needs and
could sell the rest to potential buyers (RW, WT)
– The DSO would be in control and would not be relying on
a third party for getting the needed flexibility, thus would
not create dependencies (WT)
– Developing applications and devices for end-users like energy management systems (WT)
– More bargaining power since the DSO is not depending on
a third party for buying flexibility on their behalf (MK)
– The incentive is calculated per individual customer, so there
are no intermediaries to negotiate this price, and the whole
amounts goes directly to the end-user (HB)
• Threats
– The DSO makes investments and in the course of time the
regulator forces commercial parties to take over the role
(BR, WT); the regulator sees flexibility as a good that the
DSO should not be able to trade (MK)
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– The fairness of the market might decrease, since the DSO
will influence the trade with the end-users of their flexibility (RW)
– Even when the DSO is the Flexibility Operator there would
be other parties interested in buying flexibility from the
end-users (RW)
– Operating devices in household level might not be in favor
of the design requirements of the Dutch market (RK)
– The DSO monopolizes the market and others cannot audit
its operations, so it increases the unfairness of the market
(MK)
– The DSO does not get the best out of the service due to
lack of competition (AS)
Scenario 2 – the DSO is the Flexibility Aggregator
• Strengths
– Reuse of the smart metering data management infrastructure (WT, RK)
• Weaknesses
– Aggregation of data is out of the core business of the DSO
(RW, AS)
– The DSO will have to deal with data collection and its privacy (RW)
– The DSO needs to create new infrastructure (RW, RK)
– The DSO needs to get new expertise (RW)
• Opportunities
– The Flexibility Operator would have less bargaining power
(WT)
• Threats
– The DSO makes investments and in the course of time the
regulator forces commercial parties to take over the role
(BR)
– There is not much is left for the Flexibility Operator, thus
it would have a small incentive. If the DSO gets the Flexibility Aggregator role it might be the case that it would be
“forced” to get the Flexibility Operator role as well (WT)
Scenario 3 – the DSO is both the Flexibility Operator and the Flexibility Aggregator
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• Strengths
– the DSO would have more knowledge, thus better asset
management operations (BR)
– The DSO has the first right on flexibility, scoops what it
needs and leave the rest for the market (RW)
• Weaknesses
– The more responsibilities the DSO gets the more flexibility is turning into a static asset, so no dynamic way for
handling and trading flexibility (RK)
• Threats
– The DSO makes investments and in the course of time the
regulator forces commercial parties to take over a / the
role / roles (BR)
– Other commercial companies will not give their approval.
It is declining from the market design of the Netherlands.
7.3

technology swot

This section lists the scenarios and provides the SWOT elements, as
we identified them during the conduction of the interviews.
Scenario 1 – the DSO is the Flexibility Operator
• Strengths
– Fewer interfaces, B2B market is no longer needed (BR)
– Less security constraints, as sensitive data (e.g. topology)
are not shared with other parties (BR, MK)
– Less negotiations, thus less information streams (WT)
– Less demands in communication (WT)
– The ICT infrastructure is already there for smart metering,
and using that for flexibility would be the major operation
for the Flexibility Operator role (RK)
– The service of congestion relief (i.e. the kind and amount
of flexibility needed) is tailored to the needs of the DSO
(MK)
– The DSO is not depending on third parties with respect to
performance and accuracy for relieving congestion (MK)
• Threats
– Operating devices might cause imbalance, thus other parties business might be at stake (RK)
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Scenario 2 – the DSO is the Flexibility Aggregator
• Strengths
– Using the same infrastructure as for the smart metering
(RK)
– Privacy issues are solved as the DSO is a regulated entity
(MK)
• Weaknesses
– The current smart metering data is 8 days old, so they are
historical data, not real-time data. If flexibility services are
using the smart metering infrastructure (i.e. port P1) then
no quality cannot be guaranteed. This will lead to a need
for new technologies (RK)
– The DSO is inexperienced with real-time data handling,
thus might be unable to guarantee data quality and system
availability (RK)
• Threats
– Being inexperienced with real-time data handling and without being able to guarantee data quality and system availability, the DSO might jeopardize Flexibility Operators from
operating as desired (RK)
– If privacy of sensitive flexibility data is not taken into consideration, the DSO would have a major issue in launching
a congestion management application for facilitating its operations (RK)
– The aggregation is very tailored for the DSO and cannot
be used for anything else (MK)
Scenario 3 – the DSO is both the Flexibility Operator and the Flexibility Aggregator
• Strengths
– Centralized data processing instead of distributed. Because
congestion is based on locality and it would be less vulnerable regarding communication issues (WT)
– Less vulnerable system. All is under the control of the DSO
(WT)
– Having less points of communication might decrease complexity (WT)
• Weaknesses
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– Since the DSO has a first right on acquiring flexibility and
leaving the rest for the market, in a real-time dynamic fashion this would be unrealistic (it could be more realistic in
day-ahead market) (RW)
7.4
Business SWOT
analysis

swot outcome analysis

A common viewpoint that all participants mentioned regards the new
roles from the DSO. The participants argued that the DSO will take a
role if it’s legally obliged to do so. In any other case the DSO would
prefer to put their congestion problem in the market and let other
parties provide a solution. This perception was verified by the interview conducted in Westland Infra, where the participant stated that
any other responsibility outside the core operations of the DSO is
not considered as a business opportunity. The DSO would rather stay
within the range of the current operations with the least possible divergences.
Furthermore, the business SWOT shows that the DSO should provide with (potentially) sensitive data to parties that work towards
providing a congestion relief product. We experienced different opinions between the domain and the industry experts. The former participants state that this kind of data is highly sensitive and could be used
to exploit vulnerabilities of the grid, hence jeopardizing the grid’s security. The participant in Westland Infra on the other hand stated that
this data is publicly available and indeed should be shared with other
parties for providing better quality for congestion relief.
An important requirement of a B2B market for congestion relief
trade is that there should be enough flexibility for covering the needs
of the DSO. We see a convergence of three participants (RW, WT and
MK) that raised the concern if all flexibility is sold and there is no
left for the DSO to fulfill the need for relieving congestion. This could
lead to an inefficient market, since the DSO would have to implement
hard measures to resolve congestion and not operational measures,
which is the reason that the market exists.
The incentive of the end-user is pointed out as a quite important
factor, since the system is heavily depending on the end-user’s participation. The business SWOT showed that the existence of the Flexibility Operator as the intermediary role for the end-user to provide the
flexibility to the DSO could decrease the incentive of the end-user. On
the other hand, it is important to define the end-user so as to calculate
such an incentive. The interview with the participant of Liander indicated that the annual incentive that a household would receive, equals
the capacity cost and is rather small. A congestion management system then should be more cost effective than the smallest incentive of
a household. This would give the DSO a reason to evaluate the given
problem within a certain business case, which may ultimately lead to
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the decision for deploying the congestion management system (and
in which extent).
The definitions of flexibility and congestion relief should be driven
by actual congestion problem. Since congestion is a rather local phenomenon, locational data is required together with (or incorporated
to) the flexibility of the end-user, in order to resolve the actual problem. The DSO would also need to include locational data in its congestion relief definition, to get the flexibility that is required to resolve
congestion in a given area.
A reason for the Flexibility Operator and the Flexibility Aggregator roles to be merged is that it could overcome accuracy issues. The
flexibility data could be aggregated precisely enough to constitute
a solution for the DSO. This would also lead to be a viable business
case for a party performing these two roles. Since flexibility has many
dimensions, it is highly likely that losses would affect accuracy. Flexibility could be expressed in terms of location, in amount of energy
and time. Even aggregating flexibility of a single household with devices with different expressions of flexibility might be a challenging
task. Taking that in a neighborhood level for example, might have a
major effect on how flexibility is aggregated to resolve a congestion
issue.
Lastly, a tradeoff that is not explicitly stated but is derived from
the analysis, is between availability and privacy. Since aggregation is
introduced to increase the privacy of the end-user’s data, more communication points are introduced to the system. Since availability is
important in a time-critical system, having more components and extensionally more points of failure would have a negative affect on
availability. Privacy not only has an effect on performance as stated
(latency in communication etc) but might also raise availability concerns.
7.5

limitations

The main limitation we identify regards the fact that we received
generic feedback regarding the architecture. This results from several
factors that we cover in this section. Firstly, we considered using a
simplified architecture and not using a formal modeling language for
clarity and understandability reasons. This might have limited our
study from getting more detailed and technical feedback regarding
components, communication flows, patterns, etc. Having a functional
architecture expressed by a formal modeling language would allow
us to use more direct methods towards architectural evaluation, such
as ATAM. Nevertheless, we identified and outlined several quality
attributes and tradeoffs, as discussed in §7.1.
Another reason might have to do with the limited background of
the participants in fields as IT and systems architecture, and systems
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engineering and design. Expressing the architecture in a way that
might have required the participant to be familiar with one or more
of the aforementioned domains could prove more useful for our research, but nonetheless it would require more time for the participant
to get the whole view and perform the assessment. Since time limits
applied to the sessions (both from the sides of the author and the participants) having a more complex interpretation of the system would
definitely exceed the planning of 1.5 hours.
7.6

summary

We categorized the feedback we got from the participants of our study
in system-related feedback, scenario-based (business and technological) SWOT and notes. From the first two categories we used the discussion points for our data analysis. The analysis has two components; namely the technical feedback that regards collecting systemrelated feedback and quality attributes, and the SWOT analysis based
on business and technological aspects. Even though we observed that
the business and technology SWOT were tightly coupled, it provided
us valuable insights regarding the overall architecture and design process.
The identified key drivers, as elicited from the interviews, are: privacy, accuracy, fairness, efficiency, complexity, security, interoperability,
availability, performance, and robustness (fault tolerance). These attributes
are discussed and defined by the participants in terms of system architecture constraints and tradeoffs. The tradeoffs regard privacy and
accuracy, efficiency and fairness, complexity and security, privacy and performance, and lastly, privacy and availability.
The business SWOT points out that the DSO is unwilling to take
over new responsibilities, thus stepping to the market for resolving
congestion problems. The DSO for letting other parties resolving congestion would have to provide potentially sensitive data concerning
the state of the grid and details about the congestion problem. A potential issue that regards that all flexibility in such a market is sold
out and the DSO is left with none to resolve congestion and is ultimately applying hard measures for keeping the grid safe. In such a
market-based setting the end-user plays an important role, as is the
one that provides flexibility. The incentive for this flexibility should
be calculated based on the cost of time-based capacity and should
be taken into account in decisions regarding the deployment of the
system.
The technology SWOT shows that the definitions of flexibility and
extensionally congestion relief should be dependent on the actual
congestion problem. Flexibility could be expressed in terms of time,
amount of energy and location and congestion relief should take in
consideration the extent of aggregation. A reason for the Flexibility
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Operator and the Flexibility Aggregator roles to be merged lies on
the accuracy of the product of congestion relief while overcoming the
privacy concerns.
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8

SYSTEM REDESIGN

An improvement factor for the process of redesign is considered using a formal modeling language; IDEF0. Based on the feedback and
the data analysis discussed in the previous chapter, we used the semantics of IDEF0 to redesign the functional architecture of the congestion management system. Typically, in systems design, there exists
the functional, the physical and the allocation architectures [11]. The
functional architecture describes the functions, information flows and
dependencies of the components, the physical architecture describes
the physical components that perform the functions, and lastly, the
allocation architecture describes the mapping between the previous
two architectures. Our design only includes the functional design.
Τhis decision was taken deliberately, due to the purpose of our study
to examine the DSO’s role within a congestion management system.
Allocating physical components (i.e. actors) to functions, would not
provide the freedom we needed to put the DSO in several roles, taking the relevant responsibilities. This chapter provides redesign recommendations elicited form the interviews with the experts, design
(ICT) decisions that should be considered while designing such a system, and lastly the redesigned functional architecture in IDEF0.
8.1

redesign recommendations

The evaluation questioned the direct communication of performance
from the end-user to the Flexibility Operator for billing purposes. If
the billing constitutes a responsibility of the Flexibility Operator towards the end-user, the role of the B2C market becomes less important. Once we examine the B2B marketplace, we see that the matchmaking between supply and demand is one of the main functions.
The evaluation did not reveal any objections in the way the B2B marketplace operates. We take this feedback to redesign the B2C marketplace using the B2B marketplace design as a pattern. The pattern
refers to matchmaking and aggregation, as discussed in the coming
paragraphs.
As designed in the draft architecture, the B2C marketplace plays
more of a secondary role for forming the price of flexibility and
concentrate the supply and demand. It seems rather controversial,
which part is responsible for the matchmaking. Since the billing is
already performed by the Flexibility Operator and the B2C marketplace is only informed for that action, the necessity of a marketplace
is doubtful—making it more of a market than a marketplace. A com-
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ponent of the draft functional architecture that received many evaluation points, regards the flexibility aggregation. In the B2B marketplace, the aggregation of the congestion relief offers is a part of the
trade. On the other hand the B2C marketplace receives aggregated
data from another party, entirely separate from the trade. In the draft
architecture, the Flexibility Aggregator is designed to have direct communication with the Flexibility Operator and the B2C marketplace.
The recommendation regards the redesign of the B2C marketplace,
by performing the aggregation of flexibility as a part of the flexibility
trade. This means that the end-users would simply provide their flexibility (and their preferences) in the B2C marketplace and the Flexibility Operators their offers for buying it. The B2C marketplace would
be responsible for receiving the offers from the Flexibility Operators
and communicate their needs to the Flexibility Aggregator. The latter, in turn, would acquire flexibility data from the end-users and
aggregate it to a desired level (or area) and provide it back to the
marketplace. Lastly the B2C marketplace would send the aggregated
flexibility information to the Flexibility Operator that would give the
order to buy if it covers its needs. The actual trade would be performed by the B2C marketplace, similarly to the design of the B2B
marketplace.
The technical feedback indicated the need for the system to be robust and fault tolerant. None of the examined studies tackles this
driver, thus is not reflected in the draft architectural design. Robustness is expressed in the form of reacting on violations. One important
form of violation regards the mismatch between what is promised
and what is offered. Simply put, the product that is traded in the
marketplace should be delivered. If, for example, an end-user does
not provide the flexibility he promised to the B2C marketplace, (s)he
would need to face consequences. The same would apply to the B2B
marketplace; the Flexibility Operator that does not provide the congestion relief as promised, would have to face consequences.
One important recommendation regards the byproduct of congestion relief; causing problems elsewhere in the grid. Since the behavior of the consumers changes, it is highly likely that certain actions
would be necessary for mitigating problems caused by demand response. Even though it is rather uncertain what this mitigation might
consider (e.g. it could be curtailment of generation, monetary compensation, etc.), it is necessary for the congestion management system to acknowledge the existence of this byproduct and inform the
responsible party.
8.2

design decisions

Congestion relief requires a set of information in order to be produced. The interviews indicated that the DSO would have to share
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information regarding the grid’s state, topology and location of the
congestion problem. Sharing information might play a major role in
designing a congestion management system. If this information is
sensitive, then there are several factors that might be affected, such as
the communication infrastructure, security or encryption, etc. On the
other hand, this decision could also affect the operations and responsibilities of the involved actors. The DSO for example could consider
not to share sensitive information with other parties, thus taking the
Flexibility Operator’s role and acquire flexibility directly from the
end-users.
Moreover, the way flexibility data is communicated should be taken
into account. There are several ways to facilitate or perform this communication; via the Internet (where the end-user registers the available flexibility), via the P1 port of the smart meter [38], or via a home
automation system [12]. This decision should take into account not
only the consequences on the system architecture, but also the facilitation of the consumer’s participation [28]. From the technical perspective (since it is our focal point) factors that should be examined
regard interfaces, security and privacy issues (driven by legislation),
standardization and communication protocols.
The technical feedback we received from the participants discussed
the reuse of infrastructure of the smart meters for managing and communicating flexibility data. It has to be noted that, even though this
infrastructure could be partially used, flexibility data is real-time in
contrast to smart metering data. This might raise different concerns
regarding data management, such as performance, availability, consistency and security issues. The key performance indicators of such
a system may differ from the smart metering infrastructure. In designing and deploying a system for communicating and managing
flexibility data, the aforementioned factors should be taken into account.
Lastly, we would like to put attention on the aggregation part. Flexibility data aggregation was introduced in our design mainly for privacy concerns regarding the protection of the end-user. Similarly to
smart metering data, we expect flexibility data to be considered sensitive by legislation, as discussed in [24]. Our data analysis shows
that privacy (i.e. aggregation) causes a significant number of tradeoffs: privacy versus accuracy (non-lossless flexibility); privacy versus
performance (more com points, latency); privacy versus availability
(more com points, more possibilities of failures due to dependencies).
Depending on the application of congestion management, these tradeoffs could have a minor or major effect on the overall architecture
[7]. For example, if greenhouses play the role of the end-users, then
smaller level of aggregation may be needed, thus affecting accuracy
at a lower degree. The aforementioned tradeoffs could also be used

[ August 3, 2013 at 15:39 – K. Tselios, IEM Master Thesis version 1 ]

83

84

system redesign

for benchmarking several business cases in which one could deploy
the congestion management system, as discussed in this thesis.
8.3

evaluated functional architecture

With respect to the feedback, recommendations and key drivers, we
redesign the functional architecture using IDEF0 diagrams. The A.0
function, which is the main function of the CMS, is decomposed in
A.1, A.2, A.3 and A.4, as illustrated in Figure 24. As Figure 27 illustrates, A.1 describes the functions of the DSO, A.2 describes the
functions of the Flexibility Operator, A.3 describes the functions of
the End-user, and A.4 describes the functions of the (B2B and B2C)
marketplaces1 .

Figure 24: Functions hierarchy

The system’s inputs, outputs and controls are illustrated in Figure
25. The A-1 diagram (cf. Figure 26) shows the CMS in its environment, defining its borders and interaction with other (external) systems. C.d.11 refers to the context system, namely the phenomenon
of congestion. Congestion is treated as a system that provides the
need for congestion management (output) and it is controlled by the
level that congestion occurs and the congestion relief (controls) as
produced by the CMS. The infrastructure of the grid (E.d.11), the
legislators (E.d.12), and the mitigation responsible party (E.d.13) are
treated as external systems that interact with the main system (A.0),
as described in the glossary of Appendix C, in more detail.

1 This chapter provides only the first level of decomposition for clarity reasons. The
fully decomposed functional architecture can be found in Appendix B.
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Figure 25: Congestion Management System (CMS)

The aggregation, as mentioned in the recommendations section, is
a part of the trade (cf. 33 on page 144), thus is not appearing in the
first level of decomposition. Its information flows nevertheless appear
as inputs, outputs and controls of the marketplaces function (A.4)
and as inputs of the Flexibility Operator function (A.2). The billing
functionality is integrated to the marketplaces, thus the Flexibility
Operator is just buying flexibility in the B2C marketplace, which in
turn makes sure that the end-users performed as expected. According
to their performance, the end-users are compensated for providing
their flexibility (flexibility purchased signals), and face consequences
for not performing as they promised (violation and consequence signals). This pattern is also followed in the B2B marketplace, between
the DSO and the Flexibility Operator respectively.
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Figure 26: A-1 diagram. CMS in its environment
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Figure 27: A.0 diagram: provide congestion management services
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R E S U LT S A N D I N T E R P R E TAT I O N

The more ICT is intruding to the daily operations of the DSO, the
more the need to design a strategy that examines several use-cases,
such as congestion. The study we designed outlines the requirements
of a congestion management system, the possible roles of the DSO
in such a system, the technology decisions that result from the system design, and the quality attributes that rationalize the architecture design. This chapter discusses our key findings, with respect to
the aforementioned factors, the implications we faced during our research conduction, and lastly, validity points that reflect and assess
our work.
9.1

key findings

rq-1. Which are the requirements/constraints of a DSM-based dynamic congestion management system?
The requirements, as elicited from the literature, are discussed in § 5.2
on page 38 and expressed as an initial (draft) functional architecture
(cf. Figure 16 on page 47). This architecture was further evaluated by
asking feedback from research and industry experts. The evaluated
architecture is described in § 8.3 on page 84, where improvements
are discussed, mainly regarding the aggregation and billing parts.
Furthermore, robustness was identified as a key driver of the CMS
(cf. 7.1 on page 65), thus new requirements were added to the architecture; namely violation audits and need for mitigation report. The
violation audits, that are performed by the marketplace, inform the
relevant parties in case a trade promise has not been kept. The mitigation report reflects the need of the system to acknowledge changes in
the grid (demand response) caused by congestion management, that
lead to problems (imbalance) in other parts of the grid.
rq-2. What would be the possible roles that the DSO will take in a
(future) smart grid setting regarding DSM-based dynamic congestion management?
We performed a SWOT analysis regarding the change in roles of the
DSO and outlined pros and cons while taking over the Flexibility Operator and Flexibility Aggregator roles. We examined three scenarios;
a) the DSO taking over the Flexibility Operator role, b) the DSO taking over the Flexibility Aggregator role, and c) the DSO taking over
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both the Flexibility Operator and Flexibility Aggregator roles. The
SWOT analysis indicated that the elements of scenario (c) repeat in
(a) and (b). Thus we only provide the outcome as resulted from the
DSO playing the Flexibility Operator role, or the Flexibility Aggregator role.
A. The DSO taking over the Flexibility Operator role
Strengths: avoid the flexibility from being sold out, thus leaving the
DSO with none for relieving the grid’s congestion; it is easier to perform congestion relief, as the supply chain is smaller and the solution
more tailored to the DSO’s needs. Weaknesses: taking over the Flexibility Operator role and collect flexibility for several use cases is out
of the core competences of the DSO; quality of service could not be
benchmarked as there are no other party that offers congestion relief
services. Opportunities: there are no dependencies with third parties
for relieving congestion; and there are no brokers thus the incentive is
bigger for the end-users (this could lead to bigger engagement of the
end-users to provide their flexibility). Threats: the DSO would monopolize the market; and the setting would be against the Dutch market
design, as the DSO would be allowed to have control over the devices
of the end-user.
B. The DSO taking over the Flexibility Aggregator role
Strengths: partial reuse of the smart meter infrastructure. Weaknesses:
the DSO would need new expertise to deal with the real-time data
and business intelligence; the data management would be demanding in terms of processing and security. Opportunities: as the Flexibility Operator is depending on the DSO for aggregating flexibility, the
former has less bargaining power. Threats: the DSO being the Flexibility Operator would go against the Dutch market design, as it would
gather data reflecting a more detailed profile of the end-user (flexibility and smart metering data).
rq-3. Which technology decisions are the DSO confronted with in a
(future) smart grid for performing DSM-based dynamic congestion management?
The DSO being involved in (or designing and deploying) such a system, would be confronted with a series of decisions that steer the ICT
strategy. Our study brought up findings for making the DSO aware
of decisions that would need to make in the future. These decisions
are listed as follows.
• Sharing information: since congestion is a phenomenon that
depends on several factors, the DSO would have to share information (topology, grid state, etc.) with other parties that would
potentially offer congestion relief services.
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• Communication infrastructure: different ways for communicating the end-user’s flexibility could lead to different requirements and having an impact on the overall system architecture
(e.g. registering the flexibility over the Internet, or using the P1
port of the smart meter for communicating flexibility, or using
a third party / vendor’s automation system, etc.), as it could
affect security, performance, robustness, etc.
• Real-time data management: flexibility is a real-time metric
and the CMS is a time-dependent system. Even though the infrastructure of the smart meters could be reused for managing
flexibility data, it has to be noted that real-time data management has different key drivers and expected behavior. If the
DSO would have to deal with managing / aggregating flexibility data, it would need to consider reusing parts of the smart
metering infrastructure and relying on new components / subsystems that are capable of real-time data handling.
• Aggregation tradeoffs: flexibility data aggregation is introduced
to tackle privacy issues from the side of the end-user. This aggregation of data though comes with tradeoffs in three other key
drivers of the system; namely, accuracy (aggregation of flexibility data is not lossless), performance (adding a business process,
that of aggregation, could result in latency in terms of longer
processing times, etc.), and availability (having an additional
system, that of data aggregation, could affect the availability of
the overall system).

rq-4. Which are the quality attributes (key drivers) to be taken into
account while designing the functional architecture for DSMbased dynamic congestion management in a (future) smart grid
setting?
The key drivers found in literature [5] are: reliability, fairness, robustness, minimal oscillations, and high utilization. Our study showed that
the key drivers of the CMS are: privacy, accuracy, fairness, efficiency,
complexity, security, interoperability, availability, performance, and robustness (fault tolerance). Mapping our findings with the literature, we see
that fairness, robustness and performance (in terms of high utilization)
could be identified as the main quality attributes of a CMS. We argue that given the time limits that apply in our study, even though
the list of qualities is not exhaustive, the aforementioned three key
drivers should be taken in consideration during the overall design
phase of the system’s architecture.
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9.2

implications

During the conduction of our research, we came across several implications that had an impact on our study. Firstly, it was difficult
to orchestrate the interviews, as the agendas of the participants were
quite busy and our study was dependent on their opinion, as it is very
valuable. We declined from the initial planning, as the interviews procedure took more than a month. Given our time constraints this was
a major implication to the overall planning.
Furthermore, we could not predict the level of difficulty in terms
of readability and understanding of the initial architecture’s design,
from the viewpoint of the participants. After two interviews, we were
able of providing a simpler way for communicating the functional
architecture of the CMS and ask the participants for feedback. We
had to redesign the architecture in such a way to make it possible
for the participant to understand it and give valuable feedback in the
course of 1.5 hours. The major challenge was to provide a design that
was simple but detailed enough for not jeopardizing the quality of
our results.
Lastly, a lot of time was spent on finding sources relevant to our
research topic. Limited results were found, as the research field of dynamic congestion management for the smart distribution networks
in Europe (and especially in the Netherlands) is immature. We identified only five relevant studies, but nevertheless they provided us
with enough material to initiate and motivate this thesis. Many studies discussed dynamic congestion management, but only from the
electrical engineering viewpoint, while for the information systems
domain these studies were based many (implicit) assumptions.
9.3

validity

The use of the SWOT analysis only, might had an impact on the content validity. It is unknown whether the SWOT analysis provided us
all the information we could elicit from the interviews, so as to leverage it in a way that favors our results. In the same context, the three
scenarios we used as an instrument to initiate discussion, might have
hindered the participants from providing us with other relevant viewpoints that we did not consider in our research design. Further, the
sample of the participants is not exhaustively representing or covering the whole domain of smart grids with respect to congestion and
demand side management. Even though we invited experts based on
the diversity of their backgrounds, inviting a greater number of participants to increase the spectrum of domain expertise, it could have
a positive impact on the content validity of our study.
We based the ICT strategy definition, on ICT decisions, business
roles, quality attributes and functional architectures derived from the
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design and evaluation of the CMS, as initiated our the literature review. This might had an impact on construct validity, as we might
have missed other factors that could also play a role in the ICT strategy of the DSO. Nonetheless, we considered the aforementioned factors that correspond to reality, as the DSO would need to know their
role in a future setting, and a CMS system (as every other system)
needs a functional design that is rationalized by quality attributes
and design decisions.
With respect to internal validity, the ICT strategy is depending on
several factors, including the ones we examined and discussed in this
thesis. For improving internal validity, we would also need feedback
on the definition of ICT strategy from the DSO’s perspective. Even in
that case though, since there are many DSOs with different business
strategies, it could be challenging to construct a uniform definition
that expresses all DSOs. Additionally, to our best of knowledge, there
is no study that discusses the factors that constitute the ICT strategy of the DSO regarding use-cases similar to dynamic congestion
management. Regarding the external validity, for similar reasons as
discussed in the internal validity, we could argue that our results can
be generalized up to a certain point. We only had feedback from two
DSOs, namely Liander and Westland Infra. Even though both organizations have different clientele and strategy, there are many more
DSOs that could provide their viewpoint on the CMS. This could
ultimately lead to increasing the knowledge pool that regards ICT
strategy in a setting as proposed by our study.
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Besides the valuable results our study brought to the surface regarding the DSO’s ICT strategy, we consider the tools that we have used,
as supportive material to the information systems research domain.
Using a functional architecture without allocating functions to physical components, gave us a useful canvas to draw the DSO’s ICT strategy. This allowed us to experiment by allocating several functions
to the DSO and evaluate potential behaviors, dependencies, information flows and design decisions. By assigning functionalities (out of
the core operations of the DSO) provided us with insights on how
other roles could be affected, both from the business and technology
perspective. Even though the feedback we received indicated that the
DSO would not be in favor of taking over extra responsibilities, assigning additional functionalities reveals recommendations that would
ultimately facilitate the operations of the DSO. It would be very interesting to use the unallocated functional architecture for designing the
ICT strategy of an organization regarding future system (or systemsto-be-designed) and share experiences from several domains. We propose to gather requirements performing scenario-based design evaluation (similarly to many methods, e.g. [16, 37, 36, 51]) and subsequently perform an ICT strategy analysis (potentially using SWOT)
using an unallocated functional architecture.
A subsequent conclusion, regards the role-playing assessment we
performed, “forcing” the DSO in a rotation of roles, taking over several responsibilities in the context of our architectural design. Our approach revealed useful insights from the DSO viewpoint, confirming
studies that used role-playing for building consensus among stakeholders. As we asked the experts to envision the system while the
DSO impersonated different roles, we increased the chances of the
participants to become more effective in representing the interests of
the stakeholder [30]. This might have shifted the focal view from the
operations of only the DSO, to those of the Flexibility Operator and
Flexibility Aggregator. We argue that impersonating other roles, one
could better reflect on one’s own operations and easier associate risks,
opportunities and points improvement.
Lastly, we proposed using a SWOT analysis of two viewpoints;
business- and technology-based. Since we considered dropping a more
technical approach for evaluating our architecture, such as ATAM, we
ended up with a concern of receiving only business-related feedback.
Since we wanted to evaluate the system as well, based on recommendations of [17] and [16] we decided to adapt the (well-known)
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SWOT analysis with a focus on technology. This saved us valuable
time, since the participants were familiar with the method and in a
small course of time we were able to receive technical feedback. In
case the examined architecture is more software-centric than the one
we designed in this thesis (which was a system-centric architecture),
it would be easier to associate the “disguised” SWOT analysis to the
ATAM method in such a way that the elements of the one to be translated to the elements of the other (e.g. a strength could be associated
to a non-risk, etc.).
10.1

discussion

Important factors that should be discussed after completing our study,
regard the urgency of the DSO’s need for congestion relief and the
definition of metrics and end-users, and the consequences and byproducts that result from operating a congestion management system. As
mentioned before, the DSO is confronted with the risk of the flexibility being sold out and there is none left to satisfy its congestion relief
needs. Thus the DSO should have a natural weight while putting
its problems in the market, declaring the severity of the situation by
communicating priority signals. This could lead to a skewed market,
since other potential buyers of flexibility are being overruled. On the
other hand, if the only solution for relieving congestion is using the
flexibility of the end-users, and there is no flexibility to be bought
from the DSO, then the latter would have to shut parties off the grid.
This would lead to an inefficient market, since the flexibility is bought
but never used, since the parties that bought it might end up being
temporarily excluded from the grid until the congestion issue is mitigated.
Additionally to its trade, flexibility should be defined in terms of an
expression that will work in favor of relieving congestion. This expression could include locational data, time, amount of energy, and potentially the preferences of the end-user. In such a context, the flexibility
would also define the congestion relief as a product, since different
situations of congestion would require different kinds of flexibility. In
conclusion, flexibility might be expressed in a static or dynamic fashion, depending on the situation, based a series of parameters relevant
to the problem and its mitigation.
Since the end-user’s preferences control the operations of the system (cf. Figure 25 on page 85), we argue that it plays an important
role that should not be overseen. Without the flexibility of the enduser, the congestion management system as described in this thesis,
would not be able to function. The participation of the end-user is
a core (non-functional) requirement that needs to be fulfilled. Thus,
defining the end-user should constitute the first step in conceptualizing and designing such a system. If for example, the incentive for
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the end-user is small and the cost of orchestrating the flexibility of
a huge number of end-users, then deploying a congestion management system could prove quite risky. Moreover, attention should be
given on whether to deploy such a system in a large scale (e.g. the
whole Netherlands) or to certain areas of the grid that could sustain
a tangible business case.
Lastly, changing the behavior of the end-users to tackle congestion
issues, most certainly might have an impact—in terms of imbalance—
on another part of the grid. It is important to, at least, acknowledge
the need for mitigation in order to bring the grid in balance again.
Similarly to congestion management in the transmission grid, while
instructing curtailment in a part of the grid, extra generation should
be instructed in another area to keep the power system in balance
[26].
10.2

future work

As a continuation to our work, we propose to use methods and approaches for congestion management in the HV and MV grids, and
examine their applicability in the LV grid. This would give us insights and could reveal additional requirements to be added to our
proposed architecture, based on how the TSO deals with congestion
issues. Additionally, such an approach could provide us with an
alternative system architecture, thus making it possible to perform
a benchmark analysis and identify differences and similarities. In
the same context, we could use other architectures that might have
been designed and / or deployed by the industry and / or research
projects. By identifying similar functions that may keep appearing,
we could prioritize the requirements and in extension the key drivers
for designing the congestion management system.
A second step, would regard inviting more experts for participating in the study, thus expanding the evaluation procedure and its outcomes. This could reveal more shared viewpoints, making the evaluation more robust. On the other hand, by inviting more DSOs to participate, would improve the quality of the feedback and could lead
additional improvements in the architectural design. Furthermore, a
workshop (based on the methods of [7] and [8]) could be performed
to bring together experts from research and the industry for exchanging and supporting their viewpoints in a group setting. Such workshops could also facilitate the definition of key drivers that are implicit both in the literature and in reality.
Finally, as future work, we could perform a study on existing information standards (e.g. IEC 61850, 61970-301 and 61968-11) and on
how the SOA paradigm could impact or change the functional design. Additional information flows might be needed to support the
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information standards and also incorporating DER functionality in
our system, similarly to [50].

[ August 3, 2013 at 15:39 – K. Tselios, IEM Master Thesis version 1 ]

APPENDIX

99
[ August 3, 2013 at 15:39 – K. Tselios, IEM Master Thesis version 1 ]

[ August 3, 2013 at 15:39 – K. Tselios, IEM Master Thesis version 1 ]

A

I N T E RV I E W S

All the names of the participants are coded with respect to their
anonymous contribution to our study. Instead we use identifiers, as
well as for the moderators of the interviews, KT and FJR.
a.1

pilot session with br, smart grid expert
Scenario 1. The FO is Energy Retailer vs. 3rd party
Scenario 2. The Aggregator is DSO vs. Outsourced

Feedback regarding the system
− Proactive vs. reactive: BR is keener on the definition of proactive
system since it acts before the actual congestion takes place. FJR better
put it as “prevent instead of repair” system.
− BR: How about locational info regarding flexibility? E.g. there is
congestion in a certain location of the grid and in order to be solved
flexibility should be provided in that area as well. So the topology
should be known to the DSO in order to be able to negotiate in a B2B
level.
FJR: Then the question might be how the FO or the Aggregator or
the consumer knows its location and where from it is provided with
flexibility; because the FO and the Aggregator operate in a higher
level than for just one single consumer.
KT: So the level of aggregation is also important for the information
that the FO and Aggregator need.
BR: you should not loose interesting info over there (in the aggregation level).
− BR: It’s not mandatory that you include all data (consumption,
generation and flexibility). Consumption and generation are interesting for the grid’s estimation but not for resolving congestion by using
flexibility. Then flexibility data could be enough. That’s how we do it
in the PowerMatcher.
FJR: So if you want to solve congestion to PMUs, the consumption
and generation info is not a necessity you would say?
BR: No (agrees).
KT: The consumption and generation info in this diagram are fed
to the B2C marketplace. Do you think that they play a role in forming
the price of the traded energy?
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BR: If you only have a marketplace for congestion then I would say
make the price depending only on flexibility. Of course it could be an
option but there are other options as well.
SWOT (scenario 1)
− Strengths: the retailer is FO: BR states that there are less business relationships for the DSO to deal with, thus managing a smaller supply
chain is easier.
− Weakness: 3rd party is FO: BR states that there are involved a
larger number of business relationships.
− Threat: BR states that there is less competition if the FO is the Retailer / “If you intend to send all those smart metering and flexibility
data is you don’t aggregate it or if you aggregate it in small scale then
you have privacy issues.”
SWOT (scenario 2)
− BR: it’s getting a little fuzzy. Now the DSO could be the FA but not
the FO. The DSO doesn’t have the flexibility data, but only the smart
metering data. So they system could connect the smart meter to the
DSO directly but not the flexibility. So if the DSO is the Aggregator,
it provides the data to FO, requests a resolution from the FO (e.g.
retailer) and buys the “flexibility” back. So the FO makes the some
processes possible, e.g. billing.
− BR: The DSO will only take over a role if they’re legally obliged
to do so (e.g. regarding data privacy, security). Then they’re the problem owners. But if you say that the consumer has an agreement with
the aggregator and he (consumer) gives rights for accessing his/her
data (so the aggregator knows what the consumer is doing) –which is
probably not going to happen– or you can say that probably the DSO
would be mandatory to take over the aggregation due to privacysensitive information.
− BR: For the future, would it be feasible to allow other parties
having access to the consumer’s smart meter?
FJR explains the situation in Germany and the UK where there are
actually third parties that have access to the data (and specifically for
the UK this party is regulated).
− BR: There is a difference though in smart meter data and flexibility data (referring to the previous conversation that indeed regarded
smart meter data). It might be that someone buys a Siemens device
and Siemens practically aggregates the consumer’s flexibility.
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KT: How would then a flexibility aggregator have an impact on the
business of the DSO? BR: The DSO would still have to interact with
the FO. So if in the FO’s back end there are one or many Flexibility
Aggregators (FA) it would not make any difference for the DSO. The
main interface would be the FO –that is an advantage of this layered
model (referring to the functional architecture).
− FJR: What would be a “weakness” if the DSO is FO?
BR: the DSO would eventually have to do more work (takes more
responsibility) and the work is pretty much out of the scope. If the
functionality is identical whether the DSO takes the role of FO or
another party, then the DSO probably would choose not to take over.
The DSO is not a commercial party. They only care for being able
to guarantee that the consumer will always have electricity. If the
functionality of such a system would be able to guarantee this, then
the DSO would not mind who will take over.
FJR: Is there a strength if the DSO takes the FO role? It’s closer
to the customer; it is capable of using more information on its grid
(e.g. it would be able to use the flexibility provided by the consumers
better to resolve congestion problems); the DSO would be able to do
better plans. . .
BR: The more roles the DSO takes over the more knowledge it
would have, thus the more better it can perform in its asset management operations.
FJR: Is there a synergy between the detailed knowledge of the backend of the DSO and performing the FO role? E.g. a 3rd party that
would take the role of the FO would not have detailed models of the
grid.
BR: It should have though. The problem of congestion is locationbased. The DSO should be able to tell what is going on, where. If there
is a problem in a substation then the FO should know which substation it is in order to examine whether there is flexibility available in
the location to resolve the issue. On the other hand the DSO should
not provide the whole topology of the grid (especially in MV level)
because then someone could identify the weak spots of the Dutch
grid (identified as a threat, or technologically is a tradeoff between
performance/accuracy and privacy/security).
FJR: A threat might be that if the DSO takes that role and in the
course of time the regulator forces a commercial party to take that
role and forbid the DSO from taking it.
BR: Yes (agrees).
− Technological SWOT
KT: Is there a technological advantage for the DSO being the FO as
well? There are fewer interfaces (the B2B market is taken out then),
you can have the network topologies without having any security issues. (Business disadvantage: the DSO has no knowledge in taking
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commercial roles and trading in a market). If the communication regarding the aggregated info is done via the Internet then it’s not that
interesting whom the Aggregator would be –it could just be a platform or anything else. If the smart meter / DSO-specific / or 3rd
party-specific -infrastructure is used for communicating flexibility (or
some sort of login platform) this wouldn’t be an interesting party
technically speaking.
FJR: Could we say then, that the communication infrastructure is
depending on who will take the Aggregator role? E.g. if the DSO
takes it then it would be a DSO-specific infra, otherwise the infra
would be unknown.
BR: I agree, but there could be legislation regarding the communication infrastructure (e.g. the government says that flexibility might
only be transferred via the smart meter), because of security issues,
etc. So technically this is an important focal point.
Notes
− BR saw the high level functional architecture as very detailed, in
contrast to our initial perception.
− BR found it difficult to understand who has a contract with
whom. He says “the consumer should have a contract with the Flexibility Aggregator and not with the Flexibility Operator”.
− With respect to the previous point, BR thinks that the Flexibility
Operator (FO) is a level higher in hierarchy than the Aggregator. So,
the consumer is connected to the Aggregator (lower level) but in the
higher level the consumer is actually connected to the FO. BR says
“there are different information streams”.
− BR poses the question “why can’t the DSO be the FO?”. Which
would make sense taking into account the privacy concerns, because
they are the only party allowed to have this metering information
right now. The energy retailer has no right to read those data (if it’s
not provided by somebody else at least). FJR: Only for billing they
have the right to do so. BR: You’re right but they don’t get more
detailed data than that. The DSO owns the smart meter data. [. . . ]
FJR proposed that we include the DSO in our list of options regarding
who is going to take the role of the FO.
− FJR points out that the Outsourced entity is different than a 3rd
party. So maybe a better-put scenario is that the Aggregator is the
DSO versus a 3rd party. On top of that he proposes that we make
the interview protocol more flexible, so providing comparisons between the DSO taking the roles of the FO and Aggregator and not
taking these roles. BR agrees that this would easier stimulate discussion. BR further comments that we should have a more focused view
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of the diagram regarding each scenario and leave out irrelevant building blocks and arrows. An idea was to start the session with a more
simplistic diagram (and to use it for the business SWOT) and maybe
then to go into a more detailed depiction of the architecture for the
technology SWOT.
− We identified that there is a clear difference between the aggregation of flexibility and smart metering data. In order not to make
it more complicated for the participants we decided to separate the
function into two roles, namely Smart Meter Aggregator and Flexibility Aggregator.
a.2

session with rw, smart grid expert
Scenario 1/2: The DSO is FO/FA vs. is not FO/FA
Scenario 3/4: The DSO is both FO/FA vs. is not FO/FA

Feedback regarding the system
− RW: A (B2B) flexibility market already exists but for balancing production and demand. (Referring to the system) There you have a new
player, the DSO, who has an interest for using flexibility for its congestion management. It’s a new player in that filed because now the
DSO does not participate in that balancing market. So, there are two
roles of different incentives and goals (one for solving congestion issues and the other for balancing reasons). The question is then who
gets priority. Is it always the DSO because it has the physical problem
in its network, or is it the market itself (that has the priority) where
actually only money (trading) is important? Or is it a totally different
market? What you always see is that there is the physical network versus the market itself; they have different interests. When trading the
same resources (i.e. energy, flexibility) they might “bite” each other.
FJR: You’re saying that for the congestion management use case,
the DSO is the single buyer of flexibility in that market. But for other
(than congestion management) purposes of using the traded flexibility the DSO would have competition (if that is allowed).
RW: Then probably it’s another market related to the normal flexibility market where you reserve a part of flexibility for congestion
management. What should be taken into account is that the DSO will
not be the only interested party in buying flexibility. Then you might
have a competition model.
− RW: (Referring to the B2C sequence diagram) Why is the FA that
sends the “aggregated flexibility & contract info” to the market and
not the FO? I see too much responsibility in the FA and this could be
a dangerous (system) construction.
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KT: This design decision is made because literature outlines privacy issues regarding data. All data should be aggregated to preserve
privacy. The registered parties that are interested in that data (i.e. the
marketplace and the FO) can be granted access as long as it stays in
an aggregated level; that’s why the FA provided that data.
RW: It seemed a bit strange that’s why I pointed it out. But if there
is a good explanation supporting this decision then I guess it’s fine.
− RW: Why does the End-user send contract info to the market and
not the FO? The FO by providing all the contract info to the market
can say: “so here’s my potential flexibility I can offer on the flexibility
market.” That might be something that the FO should take over and
not the End-user. One would assume that the End-user has a contract
with the FO and the FO takes care of all the rest. I’m not convinced
that the End-user should send contract info to the market.
SWOT (scenario 2): Is FA vs. not
− RW: Is making data anonymous (referring to the FA) for privacy reasons something for the DSO? I’d say no; never. On the other hand are
we talking about a regulated DSO, an open market, a DSO that has
an interest in deregulated operations? From the regulative perspective the DSO is only responsible for the network (the infrastructure).
Congestion management is important for them so if they would need
to take responsibilities and action that could be allowed. But would
that responsibility regard collecting data and taking care of privacy
issues? I would say no.
FJR: So aggregating data is out of the business of the DSO, so that
would make it a weakness.
RW: This is true. But the DSO being a FA for that reason (aggregating data for privacy reasons) is maybe not existent, or—better put—
they’d rather not take that role. There is no internal driver. They don’t
want to be bothered with all the privacy and collecting data. They
don’t have a direct interest in smart metering data. Power quality
data, yes, but they’re just obliged to collect that data and provide it
to the retailers.
FJR: So there is no interest for them?
RW: Well, there is. In Huston for instance the DSO, which is also
one of the retailers, provided smart meters to the end-users not only
for billing purposes but also for monitoring the grid (for shortcuts,
faults, etc.). In that sense smart metering might be interesting for the
task the DSO has to do (i.e. managing the grid, stability, etc.). To
make a point, if the data is important for the DSO’s regulated task
and nobody will take that role, then it could make sense for the DSO
to take responsibility.
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FJR: What you just did was to translate the Smart Meter Aggregator
to the FA role. And you indicated the negative aspects of that. Is there
any benefit for taking over the (FA) role?
RW: It might be if it’s a necessary role and nobody else wants to do
it. FJR: That’s good for the system but not necessarily for the DSO.
RW: It’s the same with the smart meter data. It’s something that
needs to be there but nobody wants to collect it. Then the DSO is responsible for the data, the communication, etc. because it’s regulated.
So if the FA is a role that nobody wants to take because it has no
economic value then it might be the DSO that would be obliged to do
it.
FJR: Threats then might be that the DSO needs to create a new
infrastructure, processes, get new expertise, etc.
RW: These are definitely risks, and another risk might regard the
competitiveness of the FA. How many FAs can be there? Is it just
one in a geographical area, as the DSO is? Is it a competitive market
in itself, meaning that there are many FAs? Can my neighbor have
another FA than mine? Is that allowed? If the area of operation of a
FA is the same as the DSO’s (related to physical infrastructure) then
there is a reason for the DSO to take over the role.
FJR: If there is only one party that aggregates flexibility for a particular area (mandated) by law, then there is no competition. Then you
have a natural monopoly as the DSO. Would it make sense then that
this is the DSO’s responsibility?
RW: Not directly the DSO’s responsibility, but one of the roles the
DSO could take as well, because if there’s no competition then the
chances are pretty high that it will be sort of unregulated. So, if the FA
business is competitive then I would say that it is not a role that the
DSO would take. Otherwise there would be some kind of regulation
for the DSO to take over.
FJR: Is there a reason then why it should be a market (for FAs
business) or why it should be regulated?
RW: If the FA is a role that it’s responsibility for the privacy of
this flexibility market, then it’s pretty much a definition for a noncompetitive market.
FJR: Not per se; it also has to facilitate communication, collect the
flexibility and ship it elsewhere. So via some channel, it needs to
contact the end-user. Maybe using the Internet, etc.
RW: I couldn’t find a reason right now for answering the question.
There are pluses and minuses to be taken into consideration.
SWOT (Scenario 1): Is FO or not
− FJR: If the DSO is not the FO in a B2B market, others will “harvest”
the flexibility and sell it to the market, this might mean competition
for the DSO. Then it has to be figured out whether this competition
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should be allowed and the DSO would just have to pay more to get
the flexibility. . .
RW: . . . in a status aparte, in the sense that sometimes they need
that flexibility because things go wrong if the DSO doesn’t get the
needed flexibility, and there’s a “red flag” stating that they need flexibility now (FJR: the traffic light concept). So their (DSO) role is special
in that probably open market, but they’re not per se the FO.
FJR: Would it make it easier for the DSO to perform congestion
management if they were the FO?
RW: They would make use of the flexibility they need and then
sell the rest to other potential buyers. But that wouldn’t make sense.
What is the price of flexibility then? Who is going to judge that? The
market would only work if there is “fair play”. Also the other way
around, if the DSO would have a special priority, then you influence
that market. Then it doesn’t even make a difference whether it is the
FO or not. If the DSO is a player with a special status then you have
a skew market.
FJR: I agree, but the B2C market is untouched by the DSO. The
buying of flexibility from end-users is not directly influenced by the
DSO. If the DSO takes that FO role the price for flexibility from the
end-user is determined by DSO probably. So there might be a threat
or a weakness.
RW: You could say that the price of flexibility is still determined on
the market.
FJR: But if it’s only the DSO who’s buying it. . .
RW: Part of it maybe, but against the price the market has set probably. So the DSO would be obliged to pay at least for that price for
flexibility, and that’s the cost of their congestion management. So the
market has determined that.
FJR: So what you say is that even if the DSO takes the FO role,
then in the B2C market there would be parties interested in buying
flexibility from end-users. Are then other parties still allowed to take
the FO role in the B2C market?
RW: Probably not because they can cause real problems, such as
consuming all the flexibility the DSO might need for congestion management.
FJR: So we shift the problem from the B2B market where a priority
plan is needed to ensure that the DSO would get the needed flexibility, to the B2C market. So the threat/weakness we had in the B2B
market where the flexibility would be sold before the DSO can buy it
to resolve congestion problem also exists in the B2C market.
RW: To conclude, what you don’t want in a system like this, is that
the DSO will not get the flexibility it needs to solve congestion. That’s
a serious threat that applies to every scenario.
FJR: Then only in the scenario that the DSO takes all roles and
wouldn’t allow anyone else to use that flexibility then it’s not a threat.
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RW: The problem then is that there is no price for flexibility yet.
FJR: But the DSO could be regulated for the paying a standard
compensation for buying flexibility from end-users.
RW: But flexibility has no fixed price (since it is dependent on time,
amount and urgency).
FJR: But let’s assume that it can be determined.
RW: Then the situation where the DSO is the FO and FA and has
a first right on flexibility, scoops what they need and then the rest is
for the market (for balancing reasons, etc.), could be possible.
KT: But then you get in a constant iterative situation when we talk
about on-the-fly congestion management. Congestion might happen
more than once in small time intervals and then the DSO would constantly outrun the market. That might be feasible for a day-ahead
market, but it might sound doubtful for a real time congestion resolution mechanism.
− RW: That’s true. But is lowering the demand that could solve
congestion? If we’re talking about real time congestion relief, then
scooping a market and checking what happens elsewhere in the grid.
It can get very fluctuating. On the other hand if you say congestion is
always solved by lowering demand, then you won’t have the situation
where you solve congestion here but you’ve created congestion there.
Because demand will always be low (curtailed).
FJR: Taking a step back, we outline a very good point: if you influence consumption here, what is going to happen to the production
that was going to supply that consumption? Then a threat is that
you have balancing issues. The weakness in all these models is that if
you influence a part of the equation, in another part things might go
wrong.
RW: There is no way to have a system that dictates lowering consumption without taking into account the effects on the system itself.
That would be an addition to this architecture.
FJR: Imagine the case where by accident the DSO buys the flexibility of consumers belonging to e.g. Eneco. Then Eneco has an issue.
The question is “would then the DSO need to compensate for possible imbalance in supply-demand?” For instance, a Fleet Operator
buys energy according to the scheduled calculated based on its EVs
forecasted consumption. If the EVs change their behavior and do not
perform according to the forecast then the Fleet Operator who bought
the energy has a big problem.
RW: That sums up what I said in the beginning that there are two
constraints: one regards the smooth operation of the grid and the
other the market itself for “biting each other” (aka the market and
the DSO).

[ August 3, 2013 at 15:39 – K. Tselios, IEM Master Thesis version 1 ]

109

110

interviews

Notes
− RW mentioned that the DSO would not be the only player in a B2B
Flexibility Market, which might bring many problems to the surface
(as mentioned in the first point of the “feedback regarding the system” section). He also questioned the nature of the market and he
asked whether we are examining a B2B market that trade flexibility
or congestion relief. We considered this point of RW and we decided
to rename the B2B flexibility market to “B2B Congestion Relief Market” for better fitting the architecture.
− RW found it difficult to grasp the service chain among the participants. He asked “who is offering services to whom?” trying to
make a point for the system’s clarity. The concept of the “contract” as
depicted in the sequence diagram of the B2C trading, seemed rather
confusing as it is not seen as a data stream but more as an actual
(physical) contract. In the case of the physical contract, he found it
strange that it is sent to the Market and not to the FO. Simply put,
he found it strange that there is no visible “contract” between the
End-user and the FO.
− RW defined a flexible network (e.g. dynamically changing the
grid’s configuration and infrastructure) as active networks or smart
grid for the DSO. This was a reflection on how the impact can be
calculated or taken into account while shifting consumption in the
distribution network for congestion relief. It was pointed out that the
more dynamic the grid gets, the more difficult it could be to know
what flexibility the DSO have to buy and where, for solving a congestion problem. Physical reconfiguration, optimal use of storage (e.g. a
new market of storage providers), it could serve as alternatives for
market-based DSM solutions. Then a strategy question for the DSO
would be “do I buy flexibility from parties connected to the grid or
do I use my own facilities (i.e. DSO-owned storage capacity).
a.3

session with wt, smart grid expert
Scenario 1/2: The DSO is FO/FA vs. is not FO/FA
Scenario 3/4: The DSO is both FO/FA vs. is not FO/FA

Feedback regarding the system
− WT perceived the system as rather complex. The complexity point
is outlined in the contract info sent by the end-user to the market. To
be put in perspective, the question is “if the end-user has a contract
with the FO, why are intermediary parties (i.e. the market and the FA)
necessary?” If the end-user has no contract, no prior binding with a
FO, then the marketplace would justify its existence. There would be
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contracts on-the-fly connecting multiple providers of flexibility and
multiple buyers. Still the market would need to have information regarding the preferences of the end-users, such as preference in FOs,
in times for providing flexibility, etc. Additionally, WT outlines that
an end-user has a contract with a FO but flexibility acquisition goes
through the FA due to privacy reasons. This step was questioned for
redundancy.
− WT argues that the direct communication of performance from
the end-user back to the FO is contradictory with respect to the privacy quality. The FO with this information flow would have an insight
of the end-user’s behavior. In the decision whether to eliminate the
deaggregation (so direct communication is allowed between the enduser and the FO) or to aggregate performance (to keep consistency
with the non-directional communication rule), WT argued that the
latter would be preferable in order not to violate the regulation of
privacy. Otherwise the FA role has no reason to exist. The question
that still remains though, concerns whether the flexibility is sensitive
information or not.
− Based on the previous point, the responsibility of the billing process was discussed. If the FA entity is necessary to issue the privacy
concern and its role regards aggregating and deaggregating flexibility and performance data, then it might not be possible for the FO to
bill an end-user without directly knowing its (non-aggregated) performance. Then this responsibility could be shifted to either the market
or the FA itself. Subsequently the market or the FA would send billing
info to the FO. In this way the value flow would still go from the FO to
the end-user for providing flexibility. If we consider the Amsterdam
Power Exchange market, the matching between buyers and sellers is
being performed without direct interference of the parties. Then the
market operator takes care of who is to be compensated and who is
to be charged.
SWOT (scenario 1): Is FO vs. not
Business analysis
− WT: An opportunity for the DSO would be that is in control and
is not depending on somebody else.
FJR: To rephrase then, if the DSO does not take over that role it
relies on somebody else to take the FO responsibility and it creates a
dependency.
WT: In that case there are more roles, it is making it too complex. Because there are more negotiations taking place, there are more
streams (of information), different systems and so on. On the other
hand the DSO remains in the original operations and continues performing them (thus taking no more responsibilities). So it might be
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seen as a weakness that the DSO takes over the FO as it is (operating flexibility) not a core business at the moment. The DSO has no
experience dealing with that business.
− WT: If it is not fulfilling the role of the FO it could be a threat
for the DSO because of the danger of lack of flexibility for resolving
congestion. But I’m not sure what the ambitions of the DSO are. If it is
mandated that separation of roles takes place (meaning that the DSO
cannot take over the role of the FO), so in that case is not a matter
of strengths, weaknesses and opportunities anymore; it’s just a fact.
It could be a business opportunity for the DSO, but their role is not
commercial; it’s regulated. Developing applications and devices for
end-users, like energy management systems could be an opportunity.
But going into this kind of business might be a threat because e.g.
legislation at some point in time forbids the DSO from being a FO.
− WT: A strength is that the DSO has a lot experience in these
markets (not for congestion that much) and it could operate well.
A threat might be that third parties taking over such roles (FO and
FA) are not that familiar with these markets compared to the DSO.
(Congestion relief services) being so close to the end business of the
DSO, if third parties are developing a solution, it should be as good,
stable and solid as possible.
FJR: Are there other parties / stereotypes of organizations that
could take that role instead of the DSO? Would that resolve the inexperienced parties threat?
WT: These could be parties inside of the current energy business.
Maybe suppliers that come from old traditional silos of the energy
value chain. It could be a threat if commercial parties jump into that
market as a kind of reseller, because the FO performs a critical operation.
− KT: If the DSO is the FO, then wouldn’t it affect the end-user’s
incentive? If there are more than one FOs then there is competition
and the gain might be bigger for the end-user. If the DSO is the only
one acquiring flexibility then the incentive might be smaller. Would
you agree with that?
WT: From the viewpoint of the end-user it would not make a big
difference. We are talking about cents of euros. The amount is rather
small for the end-user to have an incentive for participating in such a
trade.
KT: Then maybe it makes more sense for bigger consumers than
small ones.
WT: If the incentive was about euros (and not cents) then it might
be a driver of participation.
FJR: A bigger question regards the amount of money that the system has for buying this flexibility. Congestion is one part of that case.
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The money saved by delaying investments for the grid, or preventing
investments for the grid, being able to have a smaller (thus more efficient) grid, etc. This monetary difference that the amount you save
is something you can provide to consumers. There might be other
money flows towards the consumer. If for instance the FO is not the
DSO but say Enenco then it might be the case that it has to integrate
wind power, it has a balancing issue, it has to pay a fine to Tennet if it
doesn’t meet the program etc. The question is does it add up? Is that
enough for the consumer to participate?
WT: Is the end-user obliged then to participate? Is it a voluntary
action?
FJR: If another party takes the FO role and not the DSO, can we
say that is more likely to be able to use flexibility for other purposes?
So in that way make more money and be able to give better prices to
consumers.
WT: Maybe from the perspective of the FO as a single role. I wonder
if you can make a business case out of congestion management only.
I’m not sure. If it would be a separate role then a bigger business case
would be needed, added up to congestion management.
SWOT (scenario 2): Is FA vs. not
Business analysis
− WT: The FA, similarly to the metering operator, should be a regulated and controlled entity, because it has to do with privacy of data.
It’s not a commercial party. But it seems to me a little bit awkward
for the DSO to be a FA, I would say what is the added value of the
FO then? The role of the FO gets really thin.
FJR: You’re saying that being the DSO and have already collected
the flexibility data (while also having the FA role) and then provide
it to a third party and subsequently buy congestion relief back again
(based on that flexibility you collected as the DSO-FA) then it’s not
much left for the FO.
WT: At least it’s much weaker against the DSO when there is a
separate role for the FA, which is not the DSO.
KT: So you’re saying the the FO would have less bargaining power,
or that it would not make any sense to be there as an entity.
WT: It’s hard to say if there makes no sense, but the FO position
it’s getting weaker.
FJR: Could that be translated to an opportunity or a threat for the
DSO?
WT: Then it would be an opportunity for the DSO.
FJR: Then another question might be if the DSO takes the role of
the FA why not also taking the role of the FO as well?
WT: Indeed. On the other hand, as I said, the role of the DSO is
strongly regulated and the conversation is about bargaining and trad-
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ing and the question is whether this fits within the mission of the
DSO.
Technology analysis
− KT: You mentioned that if the DSO is the FO then you don’t have
to deal with interoperability of systems (different systems of different
operators), etc. That might be a threat if the DSO wouldn’t be the FO.
WT: As the system is defined, the processes are the same; you need
all the roles to perform congestion relief. Now it’s a matter of who is
performing a role. So for the process itself there are no major changes
I think, independently of how you divide the roles. If you look at the
architectural viewpoint, depending on who is performing a role then
you have some technical boundaries of which system is where and
how the communication is performed. You have extra demands on
communication: if it’s internal or if it’s between different parties.
KT: So if the DSO is the FO then you might have centralized process
of data, whether the opposite situation (the DSO is not the FO) where
you have decentralized process of data.
WT: Yes. Extra communication and maybe extra security are required for the data to be transferred.
KT: Would it be simpler as a system if the DSO is both the FO and
the FA?
WT: As a gut feeling, I would say yes. It would be less vulnerable.
If the DSO is not the FO or the FA several things can go wrong.
− KT: Regarding the communication, would it worth an investment
in new technologies from the DSO for being able to support its role
as FA?
FJR: I think the key point here is synergy. If you join two roles,
does it bring improvements somewhere? The DSO having some responsibilities as a smart meter aggregator (at least for the smaller
consumers) has to invest in communication infrastructure, etc. The
FO also has to take care of some communication aspects. So, it can
save you a lot of money if you have to make this communication
infrastructure just once, or reuse it, etc. Would you agree?
WT: Yes, I guess so. And if it’s within the role of the DSO, it’s available for all DSOs. Enexis choosing a different solution than NUON
wouldn’t make sense.
FJR: No. They often collaborate (e.g. the Dutch smart meter requirements, etc.). They can jointly define requirements and help each other
out in buying equipment etc.
WT: But for implementing such a system they probably use different developers. If it’s one off-the-shelf package that they’re using.
− FJR: We discussed that congestion is a rather local phenomenon.
If the FO is a third party without a reason to have local presence
(in terms of assets, etc.) in contrast to the DSO, does that make a
difference in taking other roles? Is it a benefit?
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WT: Yes, but if you see what is happening in the market in the
trading part, you only need a number of servers and not physical
presence. Apart from that you would have to have a collection of
data. But it’s not a matter of building a big infrastructure.
FJR: In terms of reliability or performance? Delays, latency, jitter,
etc.? Would that influence things? Say the DSO takes the FO role
and the FA role, and because congestion is a local issue, it tries to
solve the congestion locally (i.e. substation level). Then it might be
less vulnerable for communication issues, because you have a DSOcentralized infrastructure?
WT: That would make it less vulnerable. That’s right.
FJR: As similarly discussed in the business analysis, you take out
some possible points of failure.
WT: You rely on metering data and if that’s not correct you don’t
have any business. (KT: Note that the flexibility data is different than
the smart meter data.) Still a big input (for calculating congestion) is
coming from smart meter data. If this data is not correct then you
may end up making the wrong decisions.
KT: If on the one hand you have incorrect smart meter data, then
you wrongly sensing congestion. On the other hand if you have incorrect flexibility data then things can go wrong while trying to resolve
congestion. Would it add more certainty/accuracy to join the FO and
FA roles?
WT: If you look at vulnerability you might want to keep the separate. Then the chance of both being wrong is lower.
KT: Could you define vulnerability?
WT: There are many ways that the data is not correct. It can be the
source of the data in terms of communication problems.
KT: But if you have two points of communication then it might add
complexity, correct?
WT: That’s right. Then that’s a trade-off. If it’s going wrong but
you assign both roles to one party and something goes wrong, then
everything goes wrong. Then you might say that at least one communication line is good.
FJR: It’s not a redundant setup though. Say you have two separate
roles and one fails, then you still end up with nothing. (WT and KT
agree). If you have both parts of the information then (WT: it’s and
AND-AND for failure)... yes, instead of an OR-OR condition. So if the
roles are joined then it might be easier as a DSO to certify them for
providing with certain form of data and trust them as a source. Or
maybe it doesn’t make a difference.
Notes
WT found it difficult to understand the roles of the system in general.
We noted that it could be easier for the interviewee to first be intro-
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duced to the value chain model and then to the sequence diagrams
for understandability reasons. We adopted that decision for the forthcoming sessions.
The participant’s experience is more on the end-user’s side rather
than the DSO’s side. Due to that, there was discussion on the incentives of the end-users for providing their flexibility. From his experience, WT explained that is very rare for the end-users to be incentivised for providing flexibility, or making money out of energy trade.
Based on this argument, he comments on the value network model
(cf. 12 on page 36) that the most probable scenario would be the enduser giving value to the FA and not the other way around.
a.4

session with rk, smart grid expert
Scenario 1/2: The DSO is FO/FA vs. is not FO/FA
Scenario 3/4: The DSO is both FO/FA vs. is not FO/FA

Feedback regarding the system
− RK and FJR argue that there are standard profiles determined by the
grid operators which are used to allocate the consumption in an area
from an individual to the BRP of that customer. The question then
is if you insentify a user to shift load but he’s still being allocated
based on his profile (which is completely unrelated to reality at that
specific moment because it’s based on statistics and long term measurements etc.) the incentive for the party which incentifies the user
is completely gone. You can change your behavior as consumer, but
if your FO allocates your usage based on a static profile there’s a mismatch. So before these mechanisms (such as the proposed CMS) can
occur, these imperfections have to disappear. Currently there is no
use in delivery of services for the small consumers. For the business
consumers there is already potential because these are not accounted
for based on the profile method but on real quarter-of-an-hour measurements.
− RK found the CMS as a feasible solution. He compared it to
similar systems that are already launched in Finland and the US.
Specifically for the DSM system in California (where they use the
flexibility of Heat-Ventilation-Air Conditioning, or HVAC, systems)
the use case regards the distribution system capacity. The status of
the grid in California is not the same as the status of the Dutch grid.
In the Netherlands there are some congested areas already and the
expectation is that parts of the grid will get more congested in the
future. In California the whole liberalization had been stopped and
reversed. But there are still distribution-like companies which do not
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have a lot of information of what happens in that grid. So they cannot actually preempt on congested situations. So for them it’s also
interesting to have flexibility available to relief congestion, and where
they get their potential from is mostly from HVAC system and also
freezers and coolers in large shopping centers. But also at the individual house level, if people have an air conditioning system they can
relatively easily provide some flexibility. I think that there are already
commercial operators together with smart metering technology that
can deliver such a type of system. So I think it makes sense. The
problem with the Netherlands is that it is in a moderate climate zone.
The more you go to the north there’s more heating, which is electric,
and if you go south there is a lot of cooling. So you have a lot more
demand-response possibilities and already applications.
− In the question whether the Netherlands looks into having a
DSM-based system to solve congestion, RK based on previous discussions in his domain, states that currently is too difficult to have such
a system. The reason is that currently there is no smart meter allocation to incentify a large group of customers for awarding demand
response possibilities. That would be a very important prerequisite
for a CMS. It’s not only though the demand side that should have
to do with allocation but also the supply side. If you take PV panels
for example, they concern a lot the DSOs because in the first place
they don’t exactly know where this generation occurs and secondly
they also do not know precisely where the cables are in the ground
of the residential areas. What they need is also a control space and
some some flexibility they can use to operate. So these two trends,
the smart meter allocation which makes it possible to give incentives
to customers will give the proposed CMS a take-off, but also the PV
capacity that from the generation side might give rise to congestion
in certain areas (hot spots due to overload). So there is a lot of synergy in the case of PV generating power and the Air conditioning
systems consuming it. RK explains that in Germany there are congestion problems because the PV generation should be locally used
at 1/3 but this is not always the case. Additionally there is a lot of
discussion about EVs, heat pumps, etc. By having devices that allow
the use of their flexibility you can postpone infrastructure investment
decisions, knowing that you have flexibility available.
SWOT (scenario 1/2): Is FO/FA vs. not
− RK: For the DSO being the FO, I think the strength would be that, if
you look at the Dutch situation, the role of the aggregation of metering data (the data warehouse where all the metering data is stored)
currently is given to the DNO (for small consumers). So the DNO has
already the ICT infrastructure in place and the strength for the DSO
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to operate the FO role would be that big part of that smart metering
infrastructure can be reused within the FO data warehouse.
FJR: So there is a synergy between smart meter data aggregation
and the flexibility.
RK: If you see the time frame will be let’s say at the range of 5
minutes to a quarter of an hour, so the type of data you need is related.
This means that you can reuse a part of the current infrastructure
which has been put in place for smart metering.
KT: In this way you are assuming the FA is also the FO. What if the
FA is a separate role and then as a DSO you’re depending on a third
party for flexibility data aggregation?
RK: Then you’ll have the same discussion as you had for the introduction of the smart meter in the Netherlands. The smart meter
has a number of ports. P1 port provides freely accessible data, so that
whole type of measuring infrastructure came in place based on similar types of discussions on the feasibility and reliability of data for
the total process. So you could reuse a similar infrastructure, where
a P1 port is freely available to an aggregator for accessing it.
FJR: So a combination of the roles of the FO and FA brings benefits
because the DSO could reuse the same infrastructure.
RK: Exactly. On the other hand the DSO is not good in handling
large amounts of data. Currently the smart metering data is already
8 days old.
FJR: Looking it the other way around, we can say that there is a
weakness regarding the DSO for smart meter data handling and flexibility data handling because it is outside of their core competences.
They’re used to grid assets and not ICT assets.
RK: That would be the major drawback I see. As it is the situation
currently in the Netherlands, the smart meter data can be handled
for other services after 8 days. So they are historical data and not real
time data. The P1 port, which is freely accessible, cannot guarantee
any quality at the time being.
− KT: Can’t it be also a threat for the business of the DSO if nobody would take over the FA role? Then this would mean that the
DSO, being inexperienced with handling that amount of real-time
data, would not have a positive impact in performing its operations
(and ultimately resolve congestion). Additionally, it would be in favor of the DSO (to resolve this threat) if there is a party bind with
a service level agreement for providing certain data quality, system
availability etc.
RK: That might be a threat in that sense, yes. It’s a weakness but
also a threat.
FJR: We can apply similar reasoning to the case where another
party takes the FA role. If the DSO takes the FA role can it assure
quality within its own organization as if it were a white box, when
you know what is going on, instead of some remote company?
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RK: This doesn’t have to be one company. There might be several
FAs that might compete for end-users. In one way or another the key
performance parameter would be the guarantee that if you send out
a certain incentive to an end-user for delivering flexibility that this
flexibility is actually provided. So if you would have a plain field
with multiple providers of flexibility, then it would be a strength that
you get competition and you have a company which you can set up
a number of key performance parameters. So you can say “if you can
guarantee me by 90% that if I give an incentive for, let’s say 100kW,
then 90kW is delivered.
FJR: So if you have a process or a system in your own organization
versus buying a service from another organization basically built on
similar systems, in which case is it easier to guarantee quality? Via a
SLA with an organization or being responsible for the activity yourself?
RK: What is also demonstrated by the operations of the imbalance
market in the Netherlands, is that if you establish a marketplace in
which the FO more or less can buy these types of services in a marketbased way it ensures quality. In that sense, “bad” FOs do not earn a
lot of money, so they can go out of business and the “best” FOs will
survive.
− RK: Another important question regards the number of FOs and
FAs. So, would you have multiple FAs, or would you have several
FOs, or would you have both several FOs as well as FAs?
KT: Are there any pros and cons on these variations?
RK: I think that’s dependent on the type of flexibility data you require. I could imagine that you have multiple FOs as well as multiple
FAs.
KT: Is it then going to be a viable business? In previous discussions we came across the argument that the monetary incentive is too
small thus the business value could be too low. Would it then be an
environment for supporting multiple FOs and FAs?
RK: If you look at the current aggregation for agricultural installations (greenhouses) you see that there are a lot of aggregators operating there.
KT: So we can safely say that there is an incentive business-wise
for having multiple FAs.
RK: Yes. But the point is that these aggregators for the greenhouses
they have flourished some 5 years ago, but now with the decrease
of electricity prices and the increase of the gas prices, all these aggregators are now suffering and getting broke. That means that the
possibility for your congestion management infrastructure vanishes.
FJR: If these parties disappear then you are no longer able to buy
congestion relief.
RK: This also has to do with the difference in the length of the
life cycle of assets. If you look at this from an asset perspective, if you
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want flexibility as an asset, you can operate it just as other assets from
a distribution system company like transformers, cables, etc. If you
can operate flexibility as an asset in which you invest with 30 year
timespan then you got another business plan.
FJR: How can you turn this flexibility into an asset which has a
lifespan of 30 years?
RK: That would imply that you would have a DSO-like company
operating this infrastructure.
FJR: So the DSO takes the roles of the FO and the FA. It doesn’t
buy flexibility as a service.
RK: No, it’s part of its infrastructure, so to speak.
FJR: But the DSO still has to buy the flexibility from parties connected to grid.
− RK: Yes. Currently if you look at the tariffs the end-user pays
but it’s a capacity-based tariff. So if you want to have congestion
relief then you can’t use the capacity tariff. You have to have a timedependent capacity tariff.
FJR: Could you also add an extra compensation stream? The enduser pays the capacity tariff to the DSO but the DSO pays the end-user
for providing flexibility? Then you separate the two value streams?
RK: Yes, that’s also one of the mechanisms already in place for
big customers. So even having the ability to provide flexibility then
delivers money. If you are called once every three years then you
get a compensation. If you have the system operator to operate your
flexibility only in heavily congested circumstances that occur every
3 or 5 years, then you already get the right on a compensation on a
yearly basis.
FJR: Yes, like on on reserve or control power market.
RK: Yes, you are not get compensated for delivering flexibility and
turning your devices at a lower or higher power, but this mechanism
is only for certain circumstances that these loads have to be switched
off or on.
KT: Then you don’t have a dynamic system anymore where you
trade flexibility back and forth, right?
RK: Yes that’s right. The more you put the responsibilities to the
DSO the more you make it a fixed kind of asset in the system.
KT: Then you can still use dynamic flexibility but you provide a
compensation to an annual basis and then you don’t have any trade
of flexibility at all.
RK: You could have a static scenario as well as a dynamic scenario.
FJR: If you buy capacity from a big generator for instance, to balance the grid, you pay for the capacity but you also pay marginal
costs for operations. Ultimately there are two ways: paying for flexibility being available, or when calling on flexibility there is an additional payment for the flexibility being used. And calling the flexibility might be a market process in itself. In the proposed architecture
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there is a long term relationship with the FO and the end-user (that
is the contract).
KT: The contract can then define this relationship, on whether it’s
for on-the-fly use of flexibility or as an annual compensation.
RK: Currently in Germany we’re involved to a project and there’s
a strong drive to have parties get a concession from the DSO for operating as FOs (e.g. every 4 or 10 years another party will be operating
as an FO and so on, like bus lines).
− FJR: If the DSO takes the FO role, then gets closer to the end-user
and might be more capable of operating flexibility as if it was an asset.
It has longer term insurance that there will be flexibility available in
contrast to having other parties taking this role and might not be successful and then the DSO is without options. In earlier interviews we
also discussed that the flexibility being bought by a FO may be used
for congestion relief but might also serve other use cases: optimizing
the portfolio of a trader, program/balance responsible party, reserve
power to a system operator to a different level (e.g. transmission), etc.
So consider the case were the DSO takes the FO role and it’s close to
the end-user.
RK: I think in the Netherlands the commercial companies would
not give their approval. If you look at the interplay of forces at the
Dutch system, there are a number of lobbies, thus I don’t think it
might be a conceivable solution that in the end a DSO provides services to a commercial company. That would bring one of the basic
designs requirements for the Dutch system will be in danger. The
Dutch system’s market design and the legislation is done in such a
way that security of delivery is the primary aspect and from that the
roles of the DSO and TSO are defined. And after that, the roles of
the commercial companies come. If the DSO is operating devices at
the end-user resulting in imbalance for the commercial parties, then
these parties would not appreciate that. So these are reasons for the
commercial parties to take these roles and to deliver services either
to the DSO or to other commercial parties.
− KT: If the DSO would take over the role of the FA, then alongside
with the smart metering data the end-user then is fully exposed to the
operations of the DSO. What’s your view on that data privacy issue?
RK: If you look at the experiences in the Netherlands it has been a
lot of concern on the privacy of bare metering data, they type of data
you are exposing in these kinds of applications is even more sensitive.
If you have information available on a quarter-of-an-hour basis in real
time I think that would infringe privacy even more. What I would
expect if no proper precautions are taken it will be very difficult to
take these kinds of applications to take off.
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FJR: In the case of the smart meter, the end-user is legally obliged
(having penalties for denying) to have it installed and thus provide
his data. Then the privacy concern shifts when it becomes opt-out.
RK: The prison penalty was not the prime reason why the smart
meter didn’t take off. But ultimately it raised privacy concerns from
consumer organizations, which led to the disapproval of the House
of Lords.
FJR: If there some construct where you collect a lot of data about
someone, but that someone is free to choose whether he participates
or not, then if it’s by free will then the privacy issue is not that big.
RK: So there will be a market pool for these types of applications.
But still I think as a service provider or aggregator you have to ensure
the end-user that his privacy is not at stake by delivering this highresolution consumption / production / flexibility data.
Notes
RK made a comment regarding the difference of the DNO and the
DSO definitions. It seems that the DNO is the most appropriate definition for the scope of our research. It is defined as the party that
has the control of the physical layer. In the forthcoming sessions we
chose to keep up with the DSO name in order not to confuse the
participants, but we used the definition as provided by RK for better
expressing the operations of our problem owner.
a.5

session with mk, smart grid expert
Scenario 1/2: The DSO is FO/FA vs. is not FO/FA
Scenario 3/4: The DSO is both FO/FA vs. is not FO/FA

Feedback regarding the system
− MK in a project with a Dutch DSO, there were discussions on how
the DSO interacts with congestion management. Typically, more than
90% of the time, you don’t need it (the flexibility to resolve congestion) but when you need it you really want to override these other
markets (refers to markets selling other products than congestion relief). FJR notes that this 90% is not a fixed amount, because it depends
on how the DSO dimensions their network (e.g. during summer time
in the US congestion might occur more than 90% of the time).
− MK raised a question for the nature of the “Flexibility Market”
role. It could be a conceptual (implicit) entity to represent a direct relation between the end-user and the FO. But on the other hand there
could also be a marketplace where one goes to and offers something
and a buyer reacts on that. His notion is that there would be an im-
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plicit market and then the relation between the end-user and one or
multiple FOs is direct.
A point discussed by MK was about the complexity of the overall system for having not joint, multiple FOs and FAs. There has to
be described the kind of services provided by the FA and why these
services are sustainable, in terms of being an efficient business case.
After KT explained the rationale of the FA role (aka being there for
privacy reasons; to protect data and prevent the end-user being exploited), MK brought the example of the telecommunications company. For leveraging the service, the end-user voluntarily provides
his data. In the telecommunications case is calls, durations and timetables, and in the congestion management case is flexibility data. For
this reason the FA’s role, if it’s not regulated, then MK supports that
might not be needed to be a separate entity. It would make the system
more robust, to merge the roles of the FO and the FA. Lastly, if the FA
does not provide a regulated service, then that might still raise questions regarding privacy. Why should the end-user trust a commercial
FA more than a FO?
− MK focused on the communication flow “performance” that is
sent from the end-user directly to the FO, bypassing the FA breaking
the system’s consistency. He argued that performance could also be
privacy-sensitive information. Discussing then how the billing could
alternatively be performed, MK said that it could be done via the FA.
All performance data is collected by the FA and in turn the FO gets
informed about the performance realized by the FA and needs to be
compensated. Subsequently, since the FA knows how the end-users
performed, it could compensate them with money it received from
the FO. In this schema, the end-user would have to have a contract
with the FA instead of the FO. The proposed model, MK said, it’s a
bit mixed. As an end-user you need to know with whom you have a
business relation. If for some things you have to talk to the FA and
some others to the FO that’s confusing, and on top of that, how does
the FA get his money? It has to provide some added value both to the
end-user and the FO. FJR argues that there could be different settings
for the business of the FA. If it’s regulated, for instance, the costs
could be socialized and be put in the energy bill. MK adds that the
bill is a function of what one promised and what he finally offered. By
having a FA in the middle of the communication of the end-user and
the FO, it’s difficult for the FO to know what the end-user promised
on the first place. Thus it’s difficult to get the billing info right and
compensate the end-user. He concluded, that either the FA is always
in the middle, or that is not there at all.
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SWOT (scenario 1): Is FO vs. not
Business analysis
− MK: The strength for having the DSO as the FO is that the service is tailored to the needs of the DSO. By service I mean the kind of
flexibility that the DSO needs, so it has seamless operations. It manages the value chain and the interactions, so it would be easier for
the DSO. A threat might be that it’s not the only party which needs
flexibility. So that’s an unfair market situation towards other buyers
of flexibility. Then the DSO monopolizes the market and it gets very
hard to check how it operates.
FJR: What if the DSO is one FO and there are also others that can
buy flexibility from the end-users? Then the service and the value
flows are identical. The interface of the end-user for offering his flexibility is unchanged, whether he’s selling it to the DSO or another FO
(e.g. a BRP).
MK: That’s true, but then the time aspect plays an important role.
If the end-user has flexibility 2 hours in advance, then how would he
know if he has to sell it to the DSO or to the BRP. Then the problem
that the DSO will have it could appear 1.5 hours later. So the end-user
could have sold it to the DSO making more money (as the situation
is more urgent and flexibility might have had a higher price). There
is simply no way of knowing 2 hours in advance those kind of issues.
FJR: Isn’t it then a generic problem? Because you sell something in
advance and maybe if you have sold it already later on it could have
a higher price.
MK: Yes, but the BRP case is more predictable. It’s not tight to a
specific locality. I think the BRP knows more in advance what is going
to happen.
FJR: I’m not sure if the balancing cases have longer times than
congestion. I don’t think we can conclude that now.
MK: I agree.
− KT: What if the DSO is not the FO? Say that the FO sells all the
flexibility to another party different than the DSO. Could we identify
it as a threat that there is no flexibility left to resolve its congestion
issues? Would that be an incentive for the DSO to take over the FO
role?
MK: So the DSO either pays more, or I would guess that there
might be another FO to buy flexibility from. It’s very hard to predict
these kinds of market dynamics upfront.
FJR: It’s rather clear though that if the DSO is the FO then it guarantees that it buys all the flexibility it needs.
MK: That’s not necessarily the case. The DSO would still have to
convince the end-user to provide his flexibility.
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FJR: Sure, but if the DSO would not take the FO role, there is at
least a threat that the FO did buy enough flexibility but it’s not selling
it to the DSO.
MK: Then it’s becoming more dependent on a third party and how
it performs. Ultimately the DSO has less bargaining power.
− MK: Another problem with the DSO being the FO regards regulations. If you see the current situation in the Netherlands, the DSO
is not allowed to buy and sell energy. I wonder how flexibility will
be looked at in this case. Then it would be easier for a third party to
provide it in some way.
FJR: So it might be that flexibility is marked by the government
as buying or selling energy, while the congestion relief service is not
marked as such. So the DSO is allowed to buy congestion relief services but it’s not allowed to buy flexibility services.
MK: If I would be a regulator, then I would be in favor of a separate
entity of a FO.
FJR: So there’s no need to monopolize.
MK: Yes.
FJR: While for operating a grid there is an obvious reason to monopolize it. Having multiple different networks in the same area competing it doesn’t make any sense.
Technological analysis
− MK: What it might add an extra dimension (for the operations of
the DSO), especially in the case where the FO sends the (dynamic) bill
to the end-user, it’s something outside the DSO’s current operations.
They do send a bill for the connection and they collect smart metering
data. But this would be an extra step towards a much more direct
relation with the end-user.
− FJR: In order to aggregate the flexibility correctly, or usefully, to
make it a congestion relief product, the FO needs some understanding of the grid in order to provide the service.
MK: That’s a very good point.
FJR: But the FA is aggregating flexibility. So already there the flexibility needs to be aggregated in such a way that it still can be useful
(for that process).
MK: That’s why I think you need the FO and FA to be merged
because again with the BRP and the DSO case, if I have to sell to
the DSO then I would have to aggregate it differently than if I want
to sell it to the BRP. At least the aggregation for the DSO is more
complex because you have to take the grid’s structure into consideration (due to locality). But if the FO and FA are merged then I can
still dynamically decide whether to make a deal for the DSO, which
requires some repackaging, or to make a deal with some other party.
If the aggregation has been done prior to me, as a FO getting that
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information, then I don’t have that choice anymore and I just have to
deal with what has been aggregated for me.
KT: If the DSO gets the FA role only, and then he knows the level
of aggregation needed to resolve his problems, would it make sense
to be separated from the FO role?
MK: I guess I wouldn’t completely understand why the DSO would
run the FA role and not the FO. For me it’s either the DSO takes both
the FO and FA roles, or none.
FJR: What you said earlier is that the aggregation should be performed in such a way that it’s useful for the DSO to resolve congestion. If let’s say you have a transformer with a potential overload, you
need to make sure that the aggregation is no bigger than whatever is
behind that transformer.
MK: Why would I do aggregation then on forehand? Because the
FA needs to know what the problem of the DSO is.
FJR: That’s the FO who knows that.
MK: No. If the DSO has a problem in a certain region, and it might
be a bigger one or a smaller one (referring to the region), getting to
an optimal solution for that problem the aggregation plays a crucial
part. If you have aggregators on different levels maybe you aggregate
flexibility only on the smallest sections of the grid. But this problem
that the DSO is currently facing is in a larger section of the grid. Then
this aggregation in the smaller section doesn’t help.
FJR: But an aggregation on an aggregation is not a challenge, right?
MK: But you loose flexibility. The aggregation might not be lossless. (Lossless refers to the fact that the flexibility typically becomes
less if you add flexibility A+B there are almost never about the same
period in time, etc. You have a highly dimensional set of variables
with constraints and really complex space where you can pick spots
in. If you aggregate to the next higher level it’s difficult pick a spot
without loosing data).
FJR: That’s a good threat. It’s not a certainty though, depending on
how you model flexibility. If you have non-lossless flexibility you gain
in privacy (note: and scalability but there is a drawback of accuracy).
MK: If you want a better solution for the DSO, why not to aggregate on-the-fly? You already know what the problem area is...
FJR: ...and the FO knows the individual flexibilities, then it’s capable of providing a better congestion relief service and/or other services for BRPs etc.
MK: Yes. And it could save him work because you wouldn’t need
to aggregate for those areas where there’s no problem.
KT: But still aggregation needs to take place, even on-the-fly.
MK: It’s almost a certainty that the aggregation level though might
never match exactly the problem.
FJR: Not only that, but also the complete expression is a different
language. If the DSO says I’m going to get an overload in those areas,
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then the solution expressed by the FO might be “I’ll reduce loads
in those areas”. That’s a completely different expression. You don’t
indicate flexibility to the DSO, you indicate possible solutions.
MK: That’s true. I guess the request will always be keep loads below this threshold. Because as a DSO you want to interfere are less as
possible with normal market operations.
FJR: Yes, the DSO might express it as a function of time and expected overload and the target. For example I expect this curve and I
want this as an upper bound in that area, so what can you offer? And
it might be multiple congestion relief services being bought in order
to provide the actual service.
MK: I don’t know if it’s a weakness or a strength, but if the FO
and FA are not part of the DSO then the DSO will have to provide
information about its grid structure. Both the FO and the FA want to
know about that. And I don’t know if it’s a strength or a weakness
because that this could be data that could potentially be used by other
parties as well. I don’t know if that’s good or bad.
FJR: In previous discussions we touched the case of interoperability
of systems in that the DSO would have to share information about its
grid, how its congestion problem looks like and for that to be resolved
you need to interconnect more systems over multiple organizations
(MK agrees). It’s always tricky in terms of performance.
MK: It could be a good thing as well, because there could be spinoffs. But for the proposed solution is more costly.
FJR: We also had some discussions about latency or performance.
If the DSO is the FO and the FA it can be really close to an end-user...
KT: ...rather than having these negotiations that take more time
than needed or getting more costly, especially when you get closer to
the time you might reach congestion limits. then it might be expensive
to buy flexibility near-congestion time.
FJR: You can remove some links. And also you can distribute business intelligence really close to the end-user, like in a transformer,
substation type of area, you buy the flexibility immediately after you
detect something and you can really optimize for that. And if there
are two marketplaces in between then you enter a domain of data centers and more centralized decision-making etc. That might work but
probably if you distribute your intelligence and the buying of flexibility to the edge of the grid you gain in the performance and latency
areas.
MK: But then the disadvantage is that it is very tailored for the
DSO. And also the privacy issue, if you incorporate this (the FO and
FA) to the DSO what is already a regulated player so you might expect that privacy is better dealt. The question is if you want to regulate
these roles or not.
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FJR: Yes, we have discussed that also previously and the issue of
prioritization of flexibility. We have the threat of the FO selling all the
flexibility for something else and the DSO is left with nothing.
MK: But then the DSO can use hard measures.
FJR: Yes but you want to avoid that. The consequence of that is
that it’s a market inefficiency. If you sell the flexibility for some other
purpose and then the DSO would have no other option than applying
hard measures. Then the flexibility sold to the “wrong” party is lost
anyway. So everyone looses.
Notes
MK commented on the actual amount of time that is defined as a
“time window for safe operations” in order to resolve congestion
(minutes, hours). He argues that it is an important requirement for
the market mechanism, in terms of how fast the reaction should be.
FJR added that the DSO would be in favor of a mechanism operating in a time frame being as fast as possible in order to avoid hard
measures (cutting off end-users from the grid). But it remains to be
examined if that would be feasible, as it is dependent on the architecture of the market, of the amount of the available flexibility; we
can think of device types providing flexibility with a minimum runtime, etc. There is also a physical aspect in defining the operation time
frame. In conclusion that issue was identified as a technical constraint
that a more detailed CMS design should take into account. And on
the other hand it is identified as a business constraint, since the applicability of such a market is based on an equation taking into account
a certain time-setting for operations and the costs resulting from the
operations’ outcome.
MK stated that in the value network diagram there should be additional actors that have an interest in buying flexibility from the FO,
e.g. a BRP. We argued that this model is also defined by its boundaries and even though we acknowledge MK’s comment, for decided
to stay within boundaries for clarity reasons. He said that it might be
a good addition to have these additional parties (having a stake on
flexibility for cases other than congestion) as shaded boxes within the
diagram. We chose not to change the diagram though due to clarity
and readability reasons.
Another comment regarded whether the TSO could use flexibility
in the same way as described by our proposed CMS. MK said that it
could fit the value network model if the “T” and “D” where dropped
and then we talk about a System Operator (or better put, a Network
Operator). He suggested that an interesting discussion for the conclusion of the thesis might be the applicability (in terms of similarities
and differences) of the proposed CMS for the Transmission Network
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Operator. A point outlined by FJR regarded multiple SOs acquiring
flexibility from the same end-user/FO and the model we use in this
thesis does not provide multiplicity.
a.6

session with hb, at liander
Scenario 1/2: The DSO is FO/FA vs. is not FO/FA
Scenario 3/4: The DSO is both FO/FA vs. is not FO/FA

Feedback regarding the system
− HB: Why do you have an intermediary (referring to the FO being
in between the DSO and the end-user)? What is the added values of
the FO? What we are currently working on (for acquiring flexibility)
is just giving an incentive. We are thinking about 30€/kW and providing it directly to the end-user. Then we say to the end-user “you
have to take care that you can reduce your consumption”.
FJR: So what you’re doing is taking over the role of the FO.
HB: No. We look at what our product is or what our problem is,
we calculate the value of it and we’re saying to the world “whoever
solves our problem gets the money”.
FJR: And your problem is...?
HB: That we have a capacity problem and we can calculate what
the capacity value is.This is about 30-35€/kW (general peak capacity).
KT: How about a dynamic (on-the-fly) setting or dealing with capacity issues?
HB: What we do is looking at how we are going to spend those
35€. From our source, which is the metering data, we are following
this line (HB drew a line from the DSO to the end-user). Based on
this data we give an incentive to the end-user to reduce his peak. We
look at this peak load over the year, because we have a profile and
an end-user (household) has a peak load, from our perspective, of
0.9kW/year. The end-user does that (the peak load) somewhere in
December.
FJR: If the end-user shaves peak, then he gets 35€/kW right?
HB: Exactly. If you make it 0.8kW then you say to that customer
“you reduced it by 0.1kW, we spend 35€/kW, so we give back to you
3.5€”.
FJR: Then your concern is on the MV level?
HB: On HV level. There is when our problem comes in, because the
0.9—and that’s from our perspective—is an average. So let’s assume
that we’re going to provide that stimulus to all our customers; half
of them will be below the 0.9kW. So we don’t have the money to
spend that 3.5€, because that’s included in the 0.9kW. I have to have
a starting point to see if he (the end-user) actually changes this (the
peak load). And we don’t know how to do that.
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FJR: You mean the customer has to reduce his load in comparison
to a reference, and you don’t know what the reference is.
HB: Exactly.
FJR: You see that in California in the OpenADR, where there is
an interaction with commercial customers. There you have strict, or
well-established, profiles for a bigger plant, a farmer, or an industrial
party connected to the grid. It does roughly the same thing on a daily
basis, so there’s not a lot of statistics involved. But with end-users (in
household level) that’s obviously a really different situation.
HB: Yes, so what we are working on now, is how to create solutions
to get an insight if the end-user is actually doing something to reduce
the peak. Because if he is not doing anything to change the peak load
and still get the money, that is included in our calculations.
FJR: Do you also consider the problem of reference shifting? I mean,
your peak is, say, on the 15th of December and you do that for one
year and you get the peak shaved. Then the peak possibly moves...
HB: But we know exactly your peak moment three year from now,
so that’s not a problem. We can just go to the website and download
it.
FJR: You are influencing the profile then with such a mechanism.
HB: The profile is strictly defined. Every calculation is based on
that profile.
HB: Currently we are looking on what is the value—the general
value, not the localized or geographically defined—of the 35€/kW.
The metering data is the data we can use to actually calculate the
incentive per particular customer, but that’s on customer base and it
would be weird from the DSO perspective to talk to a FO and have
him supporting us in providing congestion relief.
FJR: Can we say that the FO is a function of the DSO?
HB: What I’m saying is that the congestion relief comes from the
end-user. It doesn’t come from the FO. It’s that the end-user uses less,
not the FO. So the end-user provides the DSO with congestion relief.
You could say that you need a FO and they’re going to sell to the
DSO, by whatever means they are using, congestion relief. What I
mentioned is just one of the models, but here you are presenting a
different model. What we are doing is following the money and the
paper trail, and this leads directly to the end-user.
FJR: Another thing that was present in the literature, is that the FO
uses the flexibility bought, for other purposes as well; say selling it to
a BRP.
HB: In the current case we are looking at, the incentive for the
DSO is the peak capacity—that’s our problem—but if you look the
balancing party it has a different problem, because it has to buy its
energy according to the consumer’s profile. If you cut loose the consumer profile—allocation based on smart meter data, which currently
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is not possible, but let’s assume it is possible—and say you have a battery in your household—the same household we talked previously of
the 3.5€—you could earn between 50-150€, based on APX pricing for
2012.
FJR: This is a benefit created by the supplier not being forced to buy
for the profile but to buy for the actual load and if it has a battery you
can flatten it out.
HB: Yes. So if you look at the two prices, the first insight—for me at
least—it was the money maker is on the balancing in the market, it’s
not in the grid. So the grid’s incentive is very small for an end-user
actually to do something. We are talking about 3.5€ a year on your
energy bill of around 1500€.
FJR: What is the 3.5€ based on? It’s based on the 35€/kW and this
in turn is based on...?
HB: The capacity tariff. Which is what we are actually spending
to provide you with the capacity, given the current profiles. So if the
profiles go up, then you have to spend more money. We will spend
something like 35€/kW per year. If you aggregate it all and you say
you put a cable in the ground that lasts for 50 years, so you have to
pay 50 times 35€, you ultimately get higher numbers. But you have
to realize that it’s only 3.5€. You have to capitalize it towards the
end-user; so what this amount is for his bank account. If you at the
huge number you get a big incentive, but if you look at this small
number then the view immediately changes. It’s the same with EVs.
We’re talking about an investment of 1-2B€ for accommodating all the
users. But if you calculate what is the actual cost per car, that is an
investment in the grid of about 2500€ per car. In that case, we take the
current grid capacity and we double it. So out total investment on the
grid is 2500€ per connection. So if we double it—instead of one cable
we put two cables in the ground, if we have two connections we put
two meters, etc.—it’s 2500€. So what does that mean on the cost of
an EV? The EV lasts for, say, 10 years, the grid 50 years. So let’s take
1/5, that would make 500€ for an EV for a year. The price of an EV is,
very roughly, 20000€ at the moment. So how important is this for the
society? Instead of blindly looking into numbers, you have to look at
the consequences from the society perspective, which is not that big
of a deal—in my opinion.
FJR: For the society maybe not, but for the DSO?
HB: For the DSO it’s a huge deal if you double all the assets. But in
my opinion you should look at it from a societal perspective. So, we
can way that it is a big investment that we have to make for the society,
but it’s only 500€ per car. Instead of blocking society from moving
onwards, instead of blocking the market, we should facilitate it. It’s
my perspective though. Not everybody in the company or outside
agrees with that viewpoint of course.
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FJR: Let’s say you’re moving from doubling the capacity, to increasing it by 50%.
HB: In essence you could look at the 35€/kW, I think that’s a pretty
good number. It’s based on the metering code—you can download it
from ECN—where you can see the capacity tariffs. Depending on
your connection to the grid, if you have 1.6A—that’s a lamp post
connection—, which is the smallest possible connection, you can see
what the capacity tariffs are. If you have a small connection, the costs
of that connection is very high. And that’s logical considering that
the biggest cost for putting a cable in the ground, comes actually
from the digging. So if you put a bigger cable in the ground, the cost
will go down until it gets flat—that’s the 35€/kW. So our highest cost
would be, say in the case where we need to double all the lamp posts
in the Netherlands, that’s more expensive than actually putting all
EVs in the grid. And that’s because it’s all digging. We looked into
how to reduce the cost for building higher capacity, and the cheapest
solution by far, is doubling the voltage in the LV grid; so from 400V to
800V. As we double the voltage, at each household we need to invest
in a transformer, back from 800V to 400V. Say we need to buy 3M
transformers, we think we can buy them for 50€ per piece including
installation. And in this way we can double the capacity in the LV
grid—at around 7M households.
KT: If we take the extreme situation where many EVs in one area
trying to charge. Then would doubling the capacity provide a solution? Do you take that situation into account?
HB: Definitely we are taking it into account, but you are talking
about a huge amount of extra load in the system. So, we as a grid
company we have to provide all the capacity to facilitate the situation.
But who provides the power? There are no extra power plants. Why
do you think these two numbers are so different (refers to the 3.5€
initiative provided by the DSO and the 50-150€ provided by a BRP)?
The problem is not in the grid per se. You first have a brownout, so
the problem is not reliability or capacity. What is interesting, is that
if we take a standard loading pole, which is nothing like 4kW, and
we calculated the simultaneity probability (e.g. cars loading at the
same time), which is 0.4—we know that from several tests—, so the
extra load on the grid is 4kW*0.4=2kW. Our capacity of the grid at the
moment is basically 1kW. So we get 2kW extra. So, as I mentioned,
first of all you need to have 3 coal power plants, where there is now
1; so that’s the first problem. But if this happens, the second problem
comes—which we cannot solve by voltage doubling—, because we
can only support 2kW instead of 3kW as would be required. So even
with voltage doubling we’re not there. And then we have to invest in
extra cables.
KT: Maybe you need to support this load only a few times per
year. Then you could save on investments by having a congestion
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management system as the one we showed you. I’m just trying to
find a link to justify the design of such a system, if any.
HB: There is, of course. One of the reasons is that this (design) is
very cheap, as it is just an IT system that you can install. That’s also
why we think that we should just give the incentive to the end-user.
Even though it’s only 3.5€, it could still be enough for parties to come
up with an IT system, which is cheaper than 3.5€, to reduce load.
Which is, I think, likely, as the IT systems become cheaper, so there is
definitely a business case.
FJR: You have to be way cheaper than that because the 3.5€ is already very small of an incentive.
HB: Yes, but we’ve also talked about the extra 2kW, so that would
be 60€ per year. So that’s already a lot more. If you look at, e.g. heat
pumps, they’re pulling almost 9kW at peak, so that would be brilliant.
Then you have a real money maker.
FJR: Or a real problem, depending who you are.
HB: Of course, depending on the perspective. From our perspective,
we put 9kW in the ground for a heat pump. There are lots of reasons
why it’s 9kW—the ones I know is 9kW—, so there we see a huge
amount of money to be made there, also for flexibility. If for example
you are in Germany, in Berlin, you could get 109€ per year if you
would allow the grid operator to remotely switch your heat pump on
and off.
HB: We provide an incentive of 35€/kW to the one who will solve
our capacity problem, which from our perspective is the end-user. But
it’s all non-geographically specific defined. If you go to geographicallyspecific solutions you could make 300€/kW or maybe even more.
KT: Do you believe that somebody other than the DSO would acquire the flexibility of the end-user?
HB: Definitely. That one (he shows the FO on the diagram). The
market BRP. There’s a lot more money to be made in that market,
that there is from the DSO.
FJR: Can you see a DSO buying congestion relief from them?
HB: No. Because we buy it from the end-user. If the end-user says,
“I am going to give my flexibility to another party”, we would still be
paying it to the end-user.
FJR: Yes, in one way or another.
HB: Yes. It’s not our objective to pay money to a third party and
in turn this party to put the money in its pocket. That’s what the
third party would do. We think that the end-user should be in control
of that, we should not be in control of that. That’s how the future
markets will work.
KT: In contrast to peak shaving which is time-specific, would you
be interested in knowing the available flexibility of the end-user at
real-time, in order to leverage it in a more dynamic way?
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HB: All the investments that we make are based on that peak moment. All the other moments are irrelevant, from the capacity point
of view. How the end-user is able to reduce the peak moment is not
of our concern. We provide him with the stimulus and he could become creative (in ways to reduce his load). We extrapolate this peak
into the coming 30 years, so we have created a virtual peak that is
used for our investments for expanding capacity. If you see that in a
neighborhood that the load keeps going up and it goes over a certain
threshold, what happens is that the voltage level goes down very fast
at the ends of the grid—away from the station. So the people of the
neighborhood will start complaining to us because something doesn’t
work. That is for us a warning to go on site and measure and if the
voltage is indeed too low then we say that we have to reinvest in extra capacity. We could deviate from that process in specific situations
(e.g. avoid putting two cables in the ground to connect an area in MV
and finding a cheaper solution to guarantee reliability) and there a
congestion management approach could be a valid business case. But
I have not encountered such a situation so far.
HB: We are also looking into the EVs and in the beginning the assumption was that the end-user will charge it using his household
connection. But what you see now with the fast charging is really in
the uprise. Fast charging would need a 10kV connection, so not necessarily a LV connection, thus the problem goes to MV level, which is
actually not a problem. That is because if you have a new station being built for smart charging, it’s just a regular connection. We’re talking again for our regular business. It has a high peak and you would
have to dig anyway. What we did to increase the voltage, where we
would normally put in 10kV cables, and all the grounds we put now
in the ground are 20kV. So we have a different grid design basically
for green field situations.
Notes
HB: We don’t have any real congestion problems; we only put extra
cables in the ground.
KT: Do you expect to have congestion problems in the future?
HB: We spend something around 100M, 200M euros a year for removing any congestion problems. That’s regular business. That’s our
base-load of investments to avoid congestion. We are trying to keep
up with the continuous increase of high usage of the grid.
Regarding the differences for congestion management between the
LV and MV-HV levels, HB outlined three points: reliability, scales (in
case something will go wrong), and different end-users (i.e. in MV,
farms, big corporations, industrial plants, etc.). The later point was
further discussed as all the differences derive from the type of the
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end-user. In MV the end-users have real-time metering in comparison with the LV which is provided with smart meters. This variation
implies differences in flexibility and incentives. In the LV level the
households have a standard profile. The DSO 1 uses this data to define the capacity required in the grid. MB says “the higher you go in
voltage, the more it flexes out all the differences between the individual households.” He adds that “in the most extreme case the house
connection that you have it will have a capacity of at least 15kW, but
on the HV grid—which is two levels up—an average household has a
maximum capacity of 900W.” The point he made was that “the lower
you are in the grid, the higher insecurity you have of what the peak
will be and the more capacity that is required”.
A difference in the business level among the LV, MV and HV grids,
regards how the investments in capacity take place. In the HV investments are based on the n-2 capacity; this means that there are two
failures but the grid is still functioning. In the MV, the n-1 capacity
indicates one component-failure and in the LV the n capacity indicates no tolerance in failures (if one component fails the grid fails).
An example of this approach is a bottom-up illustration, where in LV
when a transformer / cable burns down, then the end-user goes into
the dark. When you have a failure (e.g. somebody cuts a cable) in the
n-1 capacity level, then the end-user will not go into the dark. HB
states that the latter also means that if you are over capacity, or use
more energy that your requirements, it is just an overrun on policy,
but not in the experience of the customer. Lastly, in the n-2 capacity
level, you have a tolerance of two components failing.
a.7

session with as, at westland infra
Scenario 1/2: The DSO is FO/FA vs. is not FO/FA
Scenario 3/4: The DSO is both FO/FA vs. is not FO/FA

Feedback regarding the system
− AS: We need to know the available flexibility, but we also want to
know what they (the end-users) will do in a few minutes / hours. Is
that also in your proposed system? If we know that in a few hours
everybody is going to use the washing machine for example. How to
acquire this data, is also a big question for the DSO. We could be able
to buy flexibility, but we could buy it for nothing (for a situation that
is not going to happen).
FJR: The system is based on forecasting congestion. There is a
chance you miscalculate congestion. For the bigger consumer though
(e.g. greenhouses) you need programs. That is an additional input we
could consider.
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AS: It could also be for households. If there is a market for flexibility maybe it could take into account of what is going to happen in
the near future. The data the DSO needs is to know what is going to
happen in the household level in a few hours. Maybe that is included
in the definition of the flexibility, but I don’t know.
FJR: We should look into whether that should be combined with
the FO/FA role.
AS: We know our system, but we need to know what is going to
happen in those households. For example, the washing machine went
on three times today, but there is not going to be a fourth time.
− AS: The FO needs to be informed about the acceptance of the
offer. In our system, we had an emergency for not acting as dealed.
We put off the customer—if they produced more than they promised,
then we were shutting them off the grid.
KT: This could also be an addition to our system for fault-tolerance.
FJR: ...and robustness. I have a question; did you switch off the
device or the connection?
AS: We were switching off the CHPs directly.
FJR: This is as designed in our proposed system architecture. The
device is being controlled by the Energy Management system of the
end-user.
− AS: In our system there was no time to have more parties involved (the DSO was operating the market by paying directly the
greenhouses for providing flexibility) so that is why we were functioning as the FO. In the future I see the DSO performing normal
operations (putting cables in the ground) and if we have a problem
we put it to the market.
− AS: The FO needs to know if there is a problem or not, for making the calculations for their offers. They need to know where the
problem is so they can put their market on it.
KT: Aren’t you giving away valuable business information?
AS: We don’t have information which we keep only for ourselves.
We are the monopoly in our operating area and we need to share
nearly everything (topology, etc.). We don’t have secrets in our business case. Other parties need to know in which part of the system
there is a problem.
FJR: Because they need to make specific offers for those problems.
AS: There needs to be interaction of information between the parties.
FJR: That also touches the aggregation. You can’t just randomly
aggregate groups and say “I have some flexibility here”.
KT: Then it could be the case that the DSO shares information
needed for the aggregation (i.e. topology, loads, problems, etc.) either
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to only the FO (and then the FO requests for a specific aggregation)
or to both the FO and the FA.
FJR: And then the question is if the problem is so specific in areas
that you end up with aggregation so small that you don’t solve the
privacy issue anymore.
AS: Indeed.
SWOT (scenario 1): Is FO vs. not
Business analysis
− AS: I don’t see the DSO as a FO.
FJR: But in a congestion management case you interact directly
with your end-users.
AS: In that system (the one Westland Infra developed) we needed
to do that because there was no time to make a system that accommodates more parties. It was a transmission grid-like system. In our
case the DSO sets the rules (i.e. there is no market). In the new world
I think we, as the DSO, have the role of maintaining and upgrading
the grid infrastructure, and if there is a problem we put it in the market. We are not the party that can do that (i.e. providing congestion
relief solutions) better. That is a commercial activity.
KT: Wouldn’t that hinder you from getting really accurate information regarding the flexibility that is available from the consumer side?
Maybe as a DSO you wouldn’t like to share such data with other
parties.
AS: This is what is really happening in the market. Greenhouses
offer their flexibility for money. We can be the DSO„ but then we’re
monopolizing the market.
FJR: For detecting congestion in the past you were acting based on
collected programs. If other parties are going to provide you with
flexibility, do they need insights into your grid? I assume you did
some load-flow calculations, etc. So you need to know where the endusers were and if you shut off that party that is going to affect my
grid in such a way, etc.
AS: That kind of things you need to know. They also need to know
if there is a problem or not to also make their own calculation for the
offers.
− AS: If the DSO is not the FO and there are more types of use for
flexibility, then you get the best out of the market. Because if we (the
DSO) really need flexibility we will pay a lot of money and thus is not
going to be sold for balancing problems for instance. So it is going to
be sold to us. If we have to pay a very big amount, then we’d better
invest in getting the grid bigger.
FJR: Then you have to compete with other parties in buying flexibility.
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AS: If we didn’t have to compete we could make offers worthing
nothing and then you have another problem (small incentive that ultimately means small participation) and there is not a real market.
SWOT (scenario 2): Is FA vs. not
− AS: There will always be parties that would play the FA role better
than the DSO. It is out of our core operations.
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Figure 28: A.1 diagram: perform distribution grid operations
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Figure 29: A.2 diagram: operate flexibility
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Figure 30: A.3 diagram: provide demand response
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Figure 31: A.4 diagram: perfrom trading of energy products
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Figure 32: A.1.1 diagram: provide grid state estimation
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Figure 33: A.4.2 diagram: provide B2C flexibility matchmaking
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c.1

idef0 elements glossary
• Actual grid state: The physical state of the grid at every given
moment.
• Agg CR offers (aggregated congestion relief offers): The aggregated offers proposing ways for resolving congestion, based on
price and end-users’ flexibility.
• Agg flex acq (aggregated flexibility acquisition) plan: The plan
produced by the flexibility operations function for buying and
acquiring the flexibility of the end-users that participated in the
aggregation.
• Aggregated flex data: The flexibility data that have been aggregated to the level instructed by the flexibility operations function.
• Aggregation request: The instructions for aggregating the endusers’ flexibility data.
• Balancing: An action for balancing the supply and demand in
the grid.
• Capacity limits: The capacity limits of the cables in a distribution grid.
• Congestion level: The level of occurrence of the phenomenon
of congestion.
• Congestion relief plan: The candidate plan produced by the
flexibility operations function for relieving congestion.
• Congestion relief request: The request for congestion relief that
is produced by the B2B marketplace and defines the problem
and the desired solution.
• Congestion relief: The counter act of congestion (the main desired output of A.0.)
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• Congestion request definition: The definition of the request for
congestion relief that includes relevant data (e.g. locality, demand response request details, etc.)
• Congestion-related concerns: The technical and time constraints
of congestion.
• Congestion-relevant regulations: Policy, laws and regulations
relevant to congestion management.
• Contract-preferences: The contractual details of the end-user
that express his preferences in providing flexibility (e.g. incentive, time, etc.). CR (congestion relief) plan feasibility: States
whether a congestion relief plan is feasible (accepted) or not
(rejected).
• CR (congestion relief) purchased: The monetary equivalent of
the incentive, debt or payment for congestion relief.
• Demand response: The response of the end-user that A.0 has
stimulated.
• DO (distribution operator) consequence: The consequence produced by the distribution operations function based on a certain
violation signal.
• End-user available flexibility: The available flexibility of all the
smart devices of the end-user.
• End-user flex preferences: The preferences defining the circumstances under which the end-user provides his/her flexibility.
• End-user performance: The performance of the end-user in response to the acquisition of his flexibility.
• Flex purchased: The monetary equivalent of the incentive, debt
or payment for flexibility.
• Flexibility data request: The signal from the B2C marketplace
for acquiring flexibility data from the end-users.
• Flexibility request: The signal from the B2C marketplace for
acquiring flexibility from the end-users.
• FO (flexibility operator) consequence: The consequence produced by the flexibility operations function based on a certain
violation signal.
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• Laws: Laws relevant to congestion management mechanism and
operations.
• Measurement: The measurements of the smart devices of the
end-user (e.g. smart metering data).
• Need for congestion management: The need that justifies the
existence of the whole system.
• Need for mitigation: The need for mitigation, e.g. monetary
compensation, balancing instructions.
• Priority signal: The signal that indicates the priority of the congestion relief request.
• Topology: The physical topology of the grid in terms of cables,
connections and other components.
• Violation: The violation of a trade promise (e.g. not delivering
the amount of flexibility that you promised).
c.2

idef0 diagrams glossary

a.0 Provide congestion management services (cf. Figures25 and 26):
this is the main function of the CMS.
• Inputs
– Actual grid state: A.0 needs this input for congestion related
calculations (grid estimate, congestion detection and definition, etc.)
– Topology: A.0 needs this input for congestion related calculations.
• Outputs
– Need for mitigation: A.0’s byproduct for congestion relief
is possible supply-demand imbalance that has to be mitigated.
– Demand response: A.0 changes the behavior of the end-user
and it results in load shifting.
– Congestion relief : A.0 produces a resolution to counteract
on the phenomenon of congestion.
• Controls
– Need for congestion management: This need will trigger the
A.0 function.
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– Congestion-relevant regulations: A.0 functions based on guidelines and certain legal frameworks.
– Congestion-related concerns: A.0 functions based on constraints
regarding the location of the problem, the capacity, the
time that is needed for functioning or for producing its
outputs, etc.
– End-user flex preferences: A.0 is controlled by the preferences
of the end-users in the way (amount, time, etc.) they provide their flexibility.
c.d.11 Context system (cf. Figure 26): The phenomenon of congestion is seen as a system.
• Outputs
– Need for congestion management: C.d.11 creates the need to
manage congestion.
• Controls
– Congestion level: C.d.11, i.e. congestion, is occurring at a
certain level.
– Congestion relief : The phenomenon of congestion is triggered only if there is no congestion relief.
e.d.11 External system (cf. Figure 26): Depicts the grid infrastructure’s functionality.
• Inputs
– Demand response: E.d.11 takes into consideration the actual
behavior of the end-users to perform its function; i.e. to
distribute energy as requested.
• Outputs
– Congestion-related concerns: The condition and limitations of
the grid is a result of the way the energy is distributed at a
given time.
– Topology: How the energy is distributed results in a certain
topology (e.g. if there are new cables then the outcome is
a new topology).
– Actual grid state: The way energy is distributed results in
the actual state of the grid (e.g. the levels of generation
result in a new grid state).
• Controls
– Congestion level: E.d.11 is controlled by the phenomenon of
congestion with respect to the way it distributes the energy.
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– Capacity limits: E.d.11 is controlled by the capacity limits
with respect to the way it distributes the energy.
– Balancing: The balancing dictates the way the energy is (re)distributed.
e.d.12 External system (cf. Figure 26): Depicts an authority’s functionality (e.g. government).
• Outputs
– Congestion-relevant regulations: Policy, laws and regulations
relevant to congestion management.
• Controls
– Laws: Laws relevant to congestion management mechanism
and operations.
e.d.13 External system (cf. Figure 26): Depicts a party that receives
and executes the mitigation for unbalancing due to congestion
relief.
• Inputs
– Demand response: The E.d.13 needs the end-users’ behavior
that changes the state of the grid, in order to provide the
mitigation.
• Outputs
– Balancing: The mitigation signal/strategy is examined in
order E.d.13 to produce a solution.
• Controls
– Congestion-relevant regulations: E.d.13 bases the balancing
solution on guidelines provided by the authority.
– Need for mitigation: E.d.13 is triggered by the need for mitigation.
– Capacity limits: E.d.13 should take into account the capacity
limits for balancing the grid.
a.1 Perform distribution grid operations: The function of the distribution operator party.
• Inputs
– Agg CR offers (aggregated congestion relief offers): A.1 needs
the offers to examine their technical and economic feasibility.
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– Violation: A.1 needs to know the violation signal from the
B2B marketplace to get informed for a flexibility operator
that was not kept.
– Topology: The topology information is needed from A.1 for
smart meter aggregation and congestion detection.
– Actual grid state: A.1 needs that input for measuring and
monitoring the network.
– Measurement: A.1 needs smart metering data for calculating the grid’s state.
• Outputs
– Priority signal: A.1 sends out a signal with respect to the
urgency of the situation.
– DO (distribution operator) consequence: A.1 reacts on a trade
promise of a flexibility operator that was not kept.
– Need for mitigation: A.1 triggers the mechanism of congestion management, thus is responsible for producing the
need for mitigation to inform the relevant party.
– CR (congestion relief) plan feasibility: A.1 checks and informs
for feasibility of the congestion relief plans received by the
B2B marketplace.
– Congestion request definition: A.1 produces the definition for
congestion relief based on the congestion problem it detects.
• Controls
– CR (congestion relief) purchased: A.1 is functioning based on
the amount to be paid for obtaining a good (incentive in
terms of comparison of cost-gain and debt in terms of the
actual payment).
– Need for congestion management: A.1 triggers the whole mechanism of congestion management based on that need.
– Congestion-relevant regulations: A.1 functions under a certain legislative framework that also regards congestion management.
– Congestion-related concerns: A.1 senses and reacts to congestion based on related concerns (e.g. safe operations’ time,
congestion tolerance, etc.)
a.2 Operate flexibility: The function of the party that operates and
trades the flexibility of the end-user in both the B2B and B2C
markets.
• Inputs
– Violation: A.2 needs the violation signal from the B2C marketplace to get informed for a trade promise of an end-user
that was not kept.
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– Aggregated flex data: A.2 receives the aggregated flexibility
data to produce a congestion relief plan.
• Outputs
– FO (flexibility operator) consequence: A.2 reacts on a trade
promise of an end-user that was not kept.
– Aggregation request: A.2 based on the congestion relief request, provides the instructions of aggregation to the B2C
marketplace.
– Congestion relief plan: A.2, based on the aggregated flexibility data received from the B2C marketplace, produces a
candidate plan for relieving congestion and provides it to
the B2B marketplace.
– Agg flex acq (aggregated flexibility acquisition) plan: A.2, after
the B2B marketplace accepted the congestion relief plan,
informs the B2C marketplace of the flexibility that needs
to be acquired and ultimately buys it.
• Controls
– Congestion-relevant regulations: A.2 functions under a certain legislative framework that also regards congestion management.
– DO (distribution operator) consequence: A.2 receives and executes the DO consequence based on a violation the A.2
caused.
– Flex purchased: A.2 gets informed for the flexibility that has
been purchased in the B2C marketplace.
– CR (congestion relief) purchased: A.2 gets informed for its
congestion relief that has been purchased by the B2B marketplace.
– Congestion relief request: A.2 tries to provide a solution for
relieving congestion, as instructed by the congestion relief
request.
a.3 Provide demand response: The function of the end-user who provides his flexibility services.
• Inputs
– Flexibility request: A.3 needs the request to produce a signal
for acquiring flexibility from smart devices.
– Actual grid state: A.3 receives electricity from the grid.
– Flexibility data request: A.3 needs the request to calculate
and provide the available flexibility of the end-user.
• Outputs
– Demand response: The changed behavior of the end-user after providing the acquired flexibility.
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– End-user performance: A.3 produces the performance of the
end-user’s smart devices to inform the B2C marketplace
and get compensated.
– End-user available flexibility: A.3 calculates the overall flexibility of the smart devices and provides it to the B2C marketplace, informing it of what he has to offer.
– Contract-preferences: A.3 based on the end-user’s preferences,
informs the B2C marketplace of the preferences for providing flexibility.
– Measurement: The measurements are produced from the
end-user’s smart devices and are sent to the grid operator
• Controls
– Flex purchased: A.3 gets informed for its flexibility that has
been purchased by the B2C marketplace.
– FO (flexibility operator) consequence: A.3 receives and executes the FO consequence based on a violation the A.3
caused.
– End-user flex preferences: A.3 is controlled by the preferences
of the end-users in the way (amount, time, etc.) they provide their flexibility.
a.4 Perform trading of energy products: The function of the marketplaces that support trading of energy products, such as congestion relief and flexibility (i.e. the B2B and B2C marketplaces).
• Inputs
– Congestion relief plan: A.4 needs that plan to aggregate it
together with others and inform the distribution grid operations function of what is offered in the B2B marketplace.
– Agg flex acq (aggregated flexibility acquisition) plan: A.4 needs
to know the plan to trade the flexibility and acquire the
flexibility from the end-users.
– End-user performance: A.4 needs to know how the end-user
performed in order to make sure the trading was performed
as scheduled.
– End-user available flexibility: A.4 needs to know the available
flexibility in order to aggregate it and trade it.
– Contract-preferences: A.4 needs to know the preferences of
the end-user to know in which way to trade his flexibility.
– CR (congestion relief) plan feasibility: A.4 needs to know whether
a congestion relief plan was accepted or not for performing
the trade and inform the involved parties.
– Congestion request definition: A.4 needs to know the details
that define the congestion request in order to provide the
flexibility operations function with a congestion relief request.
• Outputs
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– CR (congestion relief) purchased: A.4 produces this signal
whenever a successful trade of congestion relief occurred
and informs the flexibility and distribution operations functions.
– Flex purchased: A.4 produces this signal whenever a successful trade of flexibility occurred and informs the flexibility
operations and the end-user.
– Congestion relief request: A.4 produces the congestion relief request based on the congestion request definition and
sends it out to the flexibility operations function.
– Congestion relief : A.4 performs the trade of congestion relief and flexibility and ultimately results in relieving congestion from the network.
– Flexibility request: A.4 sends out a flexibility request signal
to acquire flexibility from the end-users as ordered by the
flexibility operations function.
– Flex data request: A.4 sends out a flexibility data request
signal to the end-users to aggregate it as ordered by the
flexibility operations function.
– Agg (aggregated) CR (congestion relief) offers: A.4 aggregates
all congestion relief plans and provide them to the distribution operations function for calculating their feasibility.
– Aggregated flexibility data: A.4 aggregates the flexibility data
from the end-users as ordered by the flexibility operations
function.
– Violation: A.4 performs audits based on how the marketplaces perform and if a violation occurs then it informs the
respective parties.
• Controls
– Aggregation request: A.4 receives instructions on how to proceed with the aggregation of flexibility data.
– Congestion-relevant regulations: A.4 performs the trading based
on relevant regulations.
– Priority signal: A.4 receives a signal with respect to the urgency of the situation and performs the congestion relief
trading based on that.
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