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A set of roles for the evolving business of electricity distribution
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Abstract

This paper proposes a set of roles that organizations could play to support the
evolution of the electricity distribution business. Role theory is used to describe re-
sponsibilities and collaboration patterns for the proposed role set. The study also
covers a framework outlining the adoption of roles by third parties and the timeframe
for their adoption. Our research shows that the role set responds to the challenges
faced by stakeholders in electricity distribution systems. Results from the assessment
suggest that most of these roles are expected to emerge by 2020.
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1. Introduction

Power systems are evolving from a centralized structure to a distributed one. This
shift has been driven largely by the increased use of distributed energy resources (DER)
for electricity generation. Decreasing investment costs combined with renewable energy
sources (RES) support schemes are two of the factors that have led to an improved adop-
tion and deployment of such technologies for electricity generation. The introduction
and implementation of microgrids [II, 2], virtual power plants (VPPs) [3], [4, [5], and new
aggregation models will accentuate this trend.

The proliferation of variable renewable energy sources (VRE) is not the only factor
that will bring new business challenges and opportunities to the power system. Take, for

example, urban mobility where subsidies, increasing vehicle range and decreasing prices
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have encouraged electric vehicles (EV) take up, which by 2020 is expected to reach 20
million units globally [6]. A similar example is load management. Historically, electric-
ity consumers were considered inflexible in the short term. However, developments in
the acquisition, management and communication of data (e.g., advanced metering and
control systems) allow loads to become more responsive to market signals [7]. Today,
load flexibility is used across European power systems [8, O, [10, 11]. Storage is another
example - where storage capacity within EVs [I2] and the potential for flexibility EVs
offer have been acknowledged by regulatory agencies [13].

Electricity markets are evolving. Among the factors driving this evolution are the in-
troduction of new electricity market players (i.e., aggregators), which require advanced
and comprehensive commercial and technical frameworks [I4] [15]; and the work regula-
tory agencies carry out on the creation of a level playing field across all time-frames for
all forms of generation and demand response [13]. As a result, operational principles
to ensure system reliability and security leading to new approaches for real-time grid
balance and voltage control will have to be evaluated [16]. Additionally, this evolu-
tion may require the introduction and assignation of a new set of responsibilities [17],
in particular to stakeholders in the electricity distribution business; define and imple-
ment alternative market designs [I8]; and put into practice novel coordination schemes
between electricity transmission and distribution network operators [19, 20].

Stakeholders in the electricity distribution business will have to adapt and inno-
vate their business strategies and tools continually. This is particularly relevant for the
actors responsible for the development, maintenance and operation of the electricity
distribution grid, i.e., the distribution system operator (DSO). DSOs are not only ex-
pected to serve electricity demand in a cost-efficient manner, but also to support the
transmission system operator (TSO) in balancing the power system, assist the integra-

tion of technologies, and facilitate access to electricity markets. However, for DSOs
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to provide a cost-efficient solution to the complex task of supervising and managing
the distribution grid without undermining the reliability and security of electricity sup-
ply to end-users, a shift towards an active distribution grid management approach is
needed.

For this shift to take place, new roles are needed. The new roles should extend
the responsibilities of electricity distributors across voltage levels and relevant activity
areas, such as network planning and operation; facilitate access to electricity markets;
enhance grid maintenance; and support system security. Also, these roles should enable
stakeholders to implement active grid management approaches.

This paper describes a set of potential roles that support the evolution of the elec-
tricity distribution business by enabling the definition and:exploitation of innovative
services and management approaches using smart grid technologies. The structure of
the paper is as follows: Section [2] provides a brief introduction to role theory and the
notion of roles. Section [3| covers the methodology used to define the proposed set of
roles. Section [] describes each role. Section[f] discusses third-party assignation. Sec-
tion [0] illustrates role interaction patterns with a role model. Section [7] shows potential
adoption paths for the proposed set of roles in six European power systems. Section

provides recommendations and concludes.

2. Background

The wuse of roles to describe systems is not new. Francis Lodwick, a merchant in
the seventeen century, used ”appellative” nouns to refer to roles that had to be carried
out by individuals, objects or venues |21} 22]. In his approach, roles served to label
actors within a specific context. For instance, in the event of an assault there are two
roles attacker and assaulted. Interest in the notion of roles has grown since [23] 24, 25].

To take a case in point, according to Biddle [26], the concept of role is popular in the
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social sciences, where at least 10% of all articles published in sociological journals use
this term.

In general, role theory suggests that human beings or other entities have various
roles during its existence. These roles have scripts for the behavior of the entity in a
given context. The script delineates the responsibilities and interactions for the role.
In a broad sense, roles can be seen as characteristic behavior patterns that change
according to the situation at hand [26, 27].

The notion of roles has been extensively used in many areas, such as data models
[28,129], conceptual structures [30], object-oriented programming (OOP) and coneeptual
modeling [31], enterprise modeling [32]. This notion has also been used to support other
frameworks such as coordination theory [33], 34].

Role theory and role modeling is relatively new to power systems and not extensively
used in the electricity distribution business. However, just as the notion of roles was
introduced in OOP to complement and overcome major problems in object modeling
[35], 36, 137, [38], 39), 40}, 41], it potentially has applications for delimiting responsibilities
and interactions in an environment under constant evolution such as the power system
and particularly the-electricity distribution business. The extensive use of roles and
role modeling across many areas shows that the concept is original and adaptable, even
if its definition and representation is not standard ][]

Despite the awareness of its relevance, within role theory, no consensus has been
reached in respect to their representation or integration for established modeling frame-
works [31]. In fact, according to Van der Horst [25] ”role theory is not a unified theory,
but a collection of them.” Researchers in role theory constantly develop and add new
concepts. The adoption of concepts by some researchers and not by others create

many competing approaches. Consequently, there is no ideal way to define role the-

'Bogel [42] observes that the notion of role is founded but not semantically rigid.

4
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ory. However, according to Biddle [26] role theorists agree on a "triad of concepts”:

characteristics behaviors, parts to be played, and expectations for behaviorﬂ

3. Methodology

This paper defines a set of roles suitable to the evolving context of the electricity
distribution business. The pragmatic approach used employs the notion of roles and
role models. The characterization of roles is based on features currently identified in
OOP, business modeling, and conceptual modeling literature.

Using [31] a subset of such features were selected, namely:

A role comes with its own properties and behavior;

Roles depend on relationships;

An entityﬁ may play different roles simultaneously;

An entity may acquire and abandon roles dynamically;

An entity and its roles share identity.

These features were used to characterize a set of roles and their patterns of inter-

action for the provision of services from/to the distribution grid within a smart grid

2For instance, Steimann [31] discusses three general views on how to represent a role, namely roles
as named places of a relationship, roles as a form of generalization/specialization and, roles as separate
instances joined to an object.

3In OOP, the notion of ’entity’ relates to the terms ’component’ and ’object.’” From a broad
perspective, a '’component’ is a composition of entities, which collaborate to fulfill a specific function.
An ’entity’ in a component can be an ’object’, a procedure or another component [40]. Sowa [43]
further describes two subtypes of ’entity’: natural types and role types. Natural types are not founded
and semantically rigid while role types are founded and not semantically rigid. Roles are a sub-type
of natural types in some particular pattern of relationships. For instance, 'person’ (natural type) and
"father’ (role type) or ’dog’ (natural type) and ’gatekeeper’ (role type). In the examples, 'father’ is
a sub-type of 'person’ in the role of parenting and ’gatekeeper’ is a sub-type of ’dog’ in the role of
protector, respectively. In this paper we will use ’entity’ focusing primarily on role types.
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context. Role theory is helpful in this sense because it allows the packaging of multi-
ple heterogeneous procedures and makes abstractions of them. These procedures are
then used to identify interactions and collaboration patterns between entities. For the
provision of a service, entities need to be able to cooperate with one another. In this
regard, interactions and collaborations are therefore of paramount importance. This
study concentrates on subsets of interacting, collaborating entities which we believe are
essential for the evolution of the distribution business.

We used the role model concept to support the characterization of collaboration
patterns. A role model helps to identify and describe recurring interaction patterns of
entities in terms of roles [44]. Moreover, role models are used to define role types [45].
A role type is a description of the functionality an entity assumes by 'playing’ that role.

The notion of role and the use of role models are relevant to our approach because
they provide the means for specifying the interfaces for (evolving and new) services
within a smart grid context. Also, these concepts help to guide the development of
standards to define services. The use of standards increases communication and col-
laboration among entities. Standards are particularly relevant for the electricity dis-
tribution business since expectations for different parties tend to show large variability
[46].

The abstraction promoted by this pragmatic approach assumes that the DSO is the
entity who would "play’ the role. However, the activities described for each role may
be performed by any other party provided that it has the necessary capabilities and
expertise to complete the task as cost efficient and with comparable warranties as the
DSO would do.

The motivation for a high-level description of the roles is to illustrate their core
functions with a level of detail that do not restrict potential evolutions. As a result, the

proposed roles can be adapted based on functional [47] and non-functional requirements
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[48] required for the provision of a service in a specific power system.E]

We constructed the set of roles in three stages.

In the first stage, a thorough data collection exercise was carried out using a ques-
tionnaire. Responses from TSOs, DSOs, suppliers, technology providers, balance re-
sponsible partieﬂ (BRP), balance service providers (BSP), aggregators, and research
centers were used to describe the status quo of a wide-range of European electricity dis-
tribution systems. Also, these responses helped to identify practices for grid planning
and operation [8] ]

In the second stage, grid planning and operation practices were measured against
possible requirements for future energy systems based on potential scenarios for gen-
eration electricity mix, demand flexibility and technological degrees of freedom (e.g.,
innovative and existing assets or technologies of the distribution system) [49]. Results
from this assessment were used to identify, define and prioritize business processes
(services) for the evolution of the distribution grid [46]. An expert group composed
of network operators, electricity market players, research institutions and technology
providers selected a subset of services based on its expected relevancy (concerning RES
integration) [47]. This subset was further described employing the IEC 62559 Use Case
methodology [50] and compared against core responsibilities of DSOs. The comparison
highlighted the current limitations of the existent role model to ensure fulfillment of
core responsibilities while facilitating the integration of RES. These limitations were
used to reshape the boundaries of current roles giving birth to a new set of roles.

In the third stage, roles were fine-tuned and validated. To calibrate the theoretical

4Role theory in general, and role activity diagrams, in particular, can be used to address non-
functional requirements such as reliability, security, and responsiveness of a business process [48].

Sparty’ is commonly used to refer to different entity types (i.e., natural types and sub-types also
known as specialization) [31]. In this paper, 'party’ and ’entity’ will be used interchangeably.

6Stakeholders from the following 17 countries participated in this survey: Austria, Belgium, Ger-
many, France, Ireland, Italy, Portugal, Spain, Greece, Czech Republic, Poland, Latvia, Netherlands,
UK, Hungary, Slovenia, and Cyprus.
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framework, we used the feedback provided by the Council of European Energy Reg-
ulators (CEER). The interaction with CEER served to validate potential benefits for
stakeholders of the power system and, to highlight regulatory barriers to role imple-
mentation across selected power systems [51]. Finally, the robustness, relevance, and
applicability of this framework were tested in research projects part of the FP7 ”Smart
Cities and Communities” call (i.e., DREAM, IDE4L, and INCREASE). Overall, the
role set proved to be compatible with the concepts and solutions developed within

these projects [52].

4. A new set of roles for a smart grid context

In this paper, a role defines an intended external behavior of ‘a business party (actor)
which cannot be shared, aiming at satisfying a specific service. A service can be defined
as a business transaction between two parties [17]. Roles provide services by interacting
with each other following a use case [53]. The use case describes the sequence of
transactions between actors and systems.

There are eight roles for the proposed set (figure . Each role supports its activities
by interacting with other roles. As depicted in figure [I, each role brings a different
level of innovation to the distribution grid. The highest level refers to the definition
of a completely new role for DSOs. New roles are defined when a new activity (and
corresponding responsibility) is envisioned. While highly innovative, its adoption would
require longer periods and a higher implementation complexity than other roles. The
intermediate level refers to an existing role that needs re-definition. To cope with the
challenges of the changing environment existing roles and responsibilities require to
extend their current scope by defining and implementing new processes. The lowest
level relates to existing roles and responsibilities that do not need re-definition. Roles

that make use of new technologies to expand the reach of DSOs services and activities
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without the need of modifying current processes or responsibilities fall into this category.

4.1. Distribution Constraints Market Officer

Currently, network operators are in need of system services to increase their plan-
ning and operational flexibility. The Distribution Constraints Market Officer contracts
system services, based on the needs of the Distribution System Optimizer (section .
These services would be offered by flexibility operators (e.g., aggregators) and procured
by network operators in the long- and short—term[]

From a power system perspective, flexibility characterizes the ability of a system
to maintain the balance between generation and consumption under uncertainty [54].
Grid-connected units provide flexibility to the system by modifying generation injection
or consumption patterns in reaction to an external signal (such as a price signal) [55]
with the overall objective to maintain continuous service in the face of rapid swings in
supply or demand [56].

Flexibility may be classified into two broad groups: technical and commercial. The
former refers to the flexibility of grid assets directly controlled by network operators
(i.e., TSO and DSO). The latter relates to the flexibility provided by market agents
(such as aggregators) [51].

Flexibility has a wide variety of uses. Network operators could employ it for sys-
tem purposes (e.g., load-frequency and voltage control, constraints management, and
investment optimization), while BRPs could use it for portfolio optimization.

Flexibility is a scarce resource. Its allocation should, therefore, provide a social
optimum, i.e., it should be allocated to the actor for whom the flexibility has the highest

value (based on the willingness to pay of the actor and considering risk management

"Tenders may be used for the procurement of system services in the long-term. In the short-term,
system services may be procured by participation (as any other market player) in flexibility market(s).
Standardized contracts may be another option to procure flexibility.



200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

aspects and uncertainty). Note that the value an actor can assign to flexibility at any
given point in time might be influenced by the implemented market architecture and
regulatory framework.

The role provides an additional lever to treat different system needs such as enhance
distribution grid hosting capacity, solve congestions to maintain normal operation while
respecting security boundaries, optimize network planning, and maintain voltage levels.
By contracting (local) system services, DSOs promote their development and offering.
Furthermore, the procurement of these services supports DER integration and provides
further options for local constraints management and system support (if services are

used to support the TSO).

4.2. Distribution System Optimizer

The advent of advanced monitoring and control technologies (smart grid technolo-
gies) has led to the transformation of distribution grids (e.g., grid management archi-
tectureﬂ). To face challenges in a cost-efficient manner, DSOs require an architecture
that provides options to manage the increasing operational complexity of the grid.

The Distribution System Optimizer enhances the development, operation, and main-
tenance of the distribution network. That is, it acts as a network developer, operational
planner and network operator [46].

A cost-efficient network planning and management of grid constraints (including
emergency events) allow cost-effective and non-discriminatory access to the grid. By
handling centralized as well as distributed functions, the role optimizes the use of avail-

able levers (e.g., contracted system services) [’

8With centralized, hierarchical, fully distributed and hybrid architectures currently under discus-
sion.

9This will depend on the implemented architecture. For instance, the SUSTAINABLE project [57]
proposed a hybrid architecture. This architecture includes centralized functions like RES forecasting
or MV control and local/distributed functions such as droop for local voltage control.

10
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In its optimization, the role considers (i) variable DG feed-in behavior (i.e., volatile
in-feed patterns); (ii) expected dynamics of loads (including demand response); and (iii)
impact of storage facilities (in planning and operation). As a result, the role optimizes
network investments and system management at different time horizons. Note that,
overall, the decision to procure flexibility would be evaluated against its opportunity
cost, i.e., the cost of not using flexibility to relieve grid constraints but by expanding
the grid.

To accomplish its tasks, the role uses specific grid technologies such as distributed
control systems, network sensors, and fault indicators. Moreover, the role retrieves
information from different systems and tools. For instance, the state estimator, the
optimal power flow, and the distribution management system (DMS) including fault
location/isolation/service restoration (FLISR).

The role innovates by allowing the development of new methods and processes for
planning and operation of the grid that make use of new flexibility levers. Conse-
quently, the adoption of this role leads to a more pro-active, adaptive and cost-efficient

distribution system management approach.

4.8. Neutral Market Facilitator

In some Furopean electricity distribution systems, DER generation capacity is ex-
pected to reach an annual growth rate of 5% to 10% by 2022 [49]. By means of ag-
gregation, this capacity could participate in different markets and be used for different
purposes, such as portfolio balancing, system support, and (local) congestion man-
agement. However, aggregation alone may not be sufficient. Fostering optimal DER
participation in electricity markets also requires a critical assessment of grid constraints
and resource location. This assessment should be supported by a strong collaboration
among stakeholders. For example, a collaboration promoting the exchange of relevant

information between eligible flexibility providers and grid operators.

11
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The Neutral Market Facilitator role supports market participation of resources con-
nected to the distribution gridm This is done through pre-qualification of resources
and by implementing a transparent instrument based on the traffic light concept to as-
sess the grid status in combination with potential market actions. At its core, the role
implements mechanisms for information exchange with market participantsF_r] This ex-
change takes place at the different stages of the market, from resource characterization
to bidding to settlement.

The characterization (pre-qualification process) gathers information on the flexi-
bility of the market agent (e.g., location, amount, duration, response time, and grid
impact). This process allows for an administrative validation in three stages; ex-ante
(evaluating potential congestions triggered by the activation of flexibility), during acti-
vation (assessing real impact) and ex-post (calculating effective delivery).

The traffic light concept (TLC) provides a basic conceptual structure for identifying
critical interactions between network and market operations [60]. The frameworkiﬂ has
three different states: green (eperation under normal conditions), yellow (imposition
of some temporal limits to avoid jeopardizing the system) and red (implementation of
pre-existing measures to avoid system collapse). These states provide information on
the current and forecasted condition of the grid to stakeholders.

The Neutral Market Facilitator role innovates on the characterization of flexibilities
and broadcasting system status to relevant parties (e.g., TSO). These new processes

used in combination with operational planning and forecasting tools should facilitate

10This is a fundamental difference with the concept of Neutral Market Facilitator proposed by the
smart grid task force (SGTF) in [58]. We differentiate between the role of Data Manager and the role
of Neutral Market Facilitator. SGTF handles both roles as one. CEER has also acknowledged this in
[59], stating that ”DSOs should remain as Neutral Market Facilitators but this does not automatically
confer the status of Data Management Coordinator.”

HInformation regarding system status can be broadcast to relevant parties such as the TSO. The
role collaborates with the role of Contributor to System Security to broadcast this information.

2Developed by the German Association of Energy and Water Industries (BDEW).
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market participation of DER.

4.4. Contributor to System Security

Collaboration between DSOs and the relevant TSO is needed to provide local solu-
tions to system-wide problems. TSOs have to maintain the security and reliability of
their system. DSOs operate their grid in a cost-efficient manner. However, the manner
in which each operator accomplishes its tasks is presently being challenged. Network
operators can face current challenges by defining and implementing action plans (e.g.,
cascading processes) that optimize operation in both networks. These action plans
would have to be supported by an enhanced (bilateral) exchange of relevant informa-
tion, especially for situations where resources located at distribution level are activated
for reasons of system security, including reserves provision.

The Contributor to System Security exchanges network planning and operational
data to coordinate actions with the TSO. The role also responds to planning, scheduling
and security requests from the TSO.

For example, to respond to a T'SO request, the role could potentially activate flexi-
bility that has been contracted but is'idle (in collaboration with the Distribution Con-
straints Market Officer and under the conditions stipulated by the regulatory frame-
work). In emergency situationﬂ, the role may curtail resources connected at the
distribution level to respond to load transfer requests made by the TSO.

By enhancing bilateral communication, network operators would be able to (i) ef-

ficiently use possible local solutions (flexibility levers) for system-wide challenges; (ii)

13The current definition of an emergency situation may vary from country to country. In this article,
an emergency situation refers to an (extreme) event that requires the immediate intervention of the
relevant system operator. The actions a system operator takes (to avoid a blackout) do not belong
to normal operation or market procedures. The methods to tackle these events should be clearly
described in the regulation. Note that in such situations, one cannot speak of 'real’ flexibility levers,
as an emergency situation usually implies drastic measures such as limiting the actions of stakeholders
or actions with a direct unforeseen impact on grid users (e.g., switching off certain parts of the grid).
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define and implement procedures for the collaborative assessment of impacts when ac-
tivating resources at distribution system level; and (iii) define and implement cascading

processes to maintain and improve system planning and operation.

4.5. Data Manager

The introduction of advanced monitoring and control technologies at electricity
distribution system level will increase the amount of data available to stakeholders.
Different types of data may serve distinct purposes for relevant actors (e.g., suppliers
use meter data for billing energy consumption). Interested parties would have to comply
with privacy and security regulations to gain access to this data. The eligibility of actors
to have access to specific data should depend on what they intend to achieve with the
data.

The Data Manager handles metered, contractual and network data['y Some of its
functions are to collect, validate, analyze, archive, and provide data originating from
meters, network monitoring and sensing devices, and contracts of eligible actors.

Cost-efficient management of data is critical for effective interaction among network
operators and market agents. The exchange of relevant data allows the proposed set of
roles to work together to accomplish the required tasks. The Data Manager supports
the exchange of data in a coordinated, transparent and secure manner with eligible
parties, for example, TSO, national regulatory agencies (NRAs), BRPs.

DSOs are key for the effective implementation of this role. DSOs use data to plan
and operate their grid. Also, to serve different stakeholders, for instance, TSO and
flexibility providers. Stakeholders recognize the importance of the DSO regarding data

management. To take a case in point, according to Eurelectric [55], "DSOs should

4 Metered data refers to data collected from metering infrastructure (incl. smart meters and EV
charging stations). Contractual data comprise data gathered from connection and access contracts.
Network data involves data assemble from grid components such as transformers [46].
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manage operational data of distribution network users.”

The role innovates in the way data is collected, handled and distributed. By be-
ing able to handle data in a timely and effective manner the role (i) supports grid
management and planning optimization (in collaboration with the Distribution System
Optimizer); (ii) facilitates access to current and new markets, e.g., ensuring technical
availability of flexibilities (in collaboration with the Neutral Market Facilitator); (iii)
enhances the quality of the settlement process by ensuring optimal remuneration of
flexibility use and avoids disputes or free-rider behavior; (iv) improves traceability of
market actions by adding the possibility to cross-check them with data on physical acti-
vations (in collaboration with the Smart Meter Operator); and (v) provides a standard

and transparent mechanism for data sharing.

4.6. Smart Meter Operator

The Smart Meter Operator administers the smart metering infrastructure. The role
takes care of physical meters from installation to maintenance to decommissioning.

Advanced metering infrastructure (AMI) and ICT unlocks new ways of bidirectional
communication between utilities and customers. Such technologies open the door for
data provision close to real—timeﬂ Additionally, enhancing network observability sup-
ports the development of new grid management tools.m However, these technologies
should be managed optimally and cost-effectively due to their shorter life-span (com-
pared with legacy technologies). As such, they require an adapted management ap-

proach.

5 Expected from developments on communication protocols, such as Power Line Communica-
tion PoweRline Intelligent Metering Evolution (PLC PRIME) (www.prime-alliance.org) or G3-PLC
(www.g3-plc.com).

16This may also require further discussion on the definition of data types proposed by CEER [61]
as expressed by the association of European Distribution System Operators (EDSO) in [62]. Active
power measurements, for example, are used by suppliers to bill their customers but are also used by
the DSO as essential data for technical grid management.
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The Smart Meter Operator controls the information flow between components of
the metering infrastructure (such as remote terminal units, concentrators, and metering
points) and the database where data is stored (via the communication system)E] Also,
the role can perform actions on the infrastructure. For instance, adapt the smart meter
parameters to set the maximum allowed power off-take.

Its novelty lies on extending the communication capabilities of the entity in charge
of the metering infrastructure. This refers to the management of (more) advanced
metering and data collection infrastructure and operations. Such infrastructure may
also include the meter for EV charging stations.

The role could be seen as a qualitative shift from the meter operator role of DSOs.
The implementation of advanced equipment allows for higher data resolution, which in
turn supports the definition of new or adapted services such as remote adaptation of

contracted power and demand response applications.

4.7. Customers Relationship Manager

An advanced metering infrastructure is capable of collecting data with higher fre-
quency and resolution than with legacy technologies. A higher data resolution facili-
tates definition and provision of new database services that may be provided to different
stakeholders. In general, these services may be of two types: basic and advanced. The
former relates to current practices of DSOs. For instance, delivering raw data to the
eligible requesting party. The latter aims to provide a higher understanding of the
grid behavior. For example, data processing for eligible parties that do not have the
experience or capability to do so.

The Customers Relationship Manager manages various types of contracts and re-

quirements including grid users’ connection and access. The role coordinates contrac-

I"The role works in close collaboration with the Data Manager.
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tual arrangements, sets requirements, and provides detailed data to eligible parties.
The role also manages legal arrangements with the TSO, retailers/suppliers, grid users,
and BRPs.

Regarding innovation, the role provides a qualitative shift in data services while
complying with security and privacy regulations. Enhanced data services (both basic
and advanced) can be used by stakeholders to develop flexibility services and smart

grid solutions further.

4.8. Other Third-Party Relationship Manager

Each stakeholder of the power system has data needs. To supply these needs adapted
services are required. These services have to comply with security and privacy legisla-
tion.

Similar to the Customers Relationship Manager, the Other Third-Party Relation-
ship Manager provides basic and advances services. This role, however, focuses on
another set of stakeholders.

The role manages the communication with regulators, conceding and local author-
ities, service providers, and other third parties. The data exchange process initiates
with a request from the interested (and eligible) party. For instance, the role provides
accurate network performance data in response to a request from the NRA for the
valorization of quality of service (QoS) indicators. The role provides data required by
national legislation that serves (i) to improve (urban or other) planning, (ii) avoid or
reduce societal costs, (iii) facilitate the assessment of current and potential regulatory
measures, and (iv) evaluate pilots as well as research projects.

Similar to the Customers Relationship Manager, the role’s innovation is situated in
the area of customer relationship, and specifically in the provision of enhanced (stan-
dard) data services to eligible parties. To recover the cost of providing these services,

the regulated tariff could cover the costs of providing basic services. As for the advanced
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services, an extra remuneration per event may be foreseen.

5. Third-party assignation

Most of the proposed roles show no economic or regulatory justification for a third-
party assignation. A reason for that is the closeness of roles’ responsibilities to DSO
obligations. However, a third party may also be entitled to adopt a given role. Although
third-party assignation may seem trivial, it is, in fact, crucial regarding today’s concern
over market foreclosure and market distortions. Especially in discussions concerning
the creation of a (local) flexibility market [18]. In this regard, roles like Smart Meter
Operator (SMO) and Data Manager (DM) could hold concerns for regulators. For ex-
ample, in the UK, retailers — who also own and manage smart meters — are responsible
for the collection, aggregation, and processing of metering data [46]. Other examples
could be found in Italy and Germany. In Italy, a third party, Integrated Informative
System (IIS), will handle historical data from consumers making it available to inter-
ested parties (such as traders, regulatory agencies or a DSO) via a central platform [51].
In Germany, DSOs may not become full-fledged data managers. According to Gerard
[52], by 2020 the TSO will become the settlement authority for intelligent metering
systems relegating the DSO to a supportive role.

Among the reasons for the assignation of these roles to a third party are (i) to
avoid potential neutrality issues concerning the management of data and (ii) to foster
cost savings (e.g., by implementing a competitive supplier-led-roll-out with a central
communication body).

The discussion concerning the SMO role seems to revolve around cost concepts re-
lated to implementation and operation of the infrastructure. It can be argued that

implementing a smart metering infrastructure{ig] may represent extra costs to some grid

Bwhich could include -but is not limited to- advanced metering infrastructure (AMI) technologies,
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users. This is particularly important if smart grid functionalities cannot be fully cap-
italized. While a commercial player (e.g., supplier) would have a higher incentive to
provide a solution that is cost-efficient (since they are profit-driven), this cannot be the
sole motivation for assigning the role to a third party. Consider the supplier-led-roll-out
in the UK, where problems in technical communication, compatibility, delays, and lack
of transparency raised serious considerations and led to several policy problems. In
fact, authorities are considering whether to allow for more active participation of grid
companies in an attempt to reduce costs to consumers.

Consequently, we believe that a sound assessment for the assignation of the role
should focus not only on cost but also on the potential to achieve a timely and effective
roll-out of an infrastructure that safeguards data privacy, integrity, and security. Addi-
tionally, the assessment should consider the potential limitations the assignation may
impose on different stakeholders, e.g., devices with limited interoperability and scala-
bility may slow down the definition of services. Therefore, we recommend applying a
holistic approach to the decision-making process.

Arguably, the controversy surrounding the adoption of the DM role shares some
features with the discussion on the SMO role. Historically, DSOs have been respon-
sible for performing efficient, non-discriminatory and secure data handling (incl. data
metering) [58]. Admittedly, the experience handling data from contracts, meters and
network assets could be considered as an advantage over a third party. On the other
hand, a third party may show higher flexibility to design and implement a reliable and
scalable system for handling the ever-increasing amount of data. Additionally, a third
party may bring benefits to DSOs that do not have the competence, experience or are

too small to bear the cost of carrying out the activity under the new context. In coun-

remote terminal units (RTUs), intelligent electronic devices (IEDs) and meters for EVs’ charging
infrastructure.
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tries with a fragmented network configuration, i.e., many DSOs, a central approach to
data handling may be beneficial. Here, both a larger DSO or a third party could adopt
the DM role.

From a regulatory perspective, any third party that assumes the DM role would
have to be regulated. For the regulatory authority, this creates an extra burden since
resources would have to be dedicated to monitor the behavior of the new regulated
entity (incl. parties accessing the data and type of data accessed). Note that data
collected by the AMI not only includes data from the meters but also from RTU and
IED located across voltage levels. Naturally, DSOs would still require not only to have
access to the data but also to be able to store it for a period of years. This situation may
create inefficiencies in the form of data duplication (for example, increased transactions
cost due to constant access requests) and data inconsistency (such as risks of outdated
information).

When selecting the entity that will be handling smart grid data, we suggest consid-
ering the costs of data management and regulatory efforts. Also, the potential benefits
the assignation might bring regarding non-discriminatory access, data privacy and se-
curity. Although it istrue that, besides being a regulated entity, in most cases, DSOs
would require an upgrade and not a complete lift-off of their infrastructure, it is not
clear, however, which entity convey the most benefits to the end-consumer. Admittedly,
this role is equally essential for a fully functional active grid management and the de-
velopment of innovative business models. Consequently, further research on how the
adoption of the role influence the activities of other stakeholders such as TSO, BRPs,

and aggregators is recommended.
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6. Roles and Collaboration Patterns

Flexibility-based services are at the core of the evolution of the electricity distribu-
tion business. These services respond to particular needs of a power system, which may
differ from country to country.

A business process (i.e., service) is made of interactions (collaboration patterns) that
can be generalized. In this regard, business process modeling aims to decrease the com-
plexity and enhance the understanding of the process [63]." Making them independent
(to some extent) from the design of electricity markets and regulatory frameworks high-
lights potential barriers a specific market design or regulatory framework may impose
to the service. This is useful when designing a service since it allows the identification
of the fundamental steps needed for its provision.

Role models are a powerful tool to analyze collaboration patterns in respect to a par-
ticular collaboration purpose. They are reusable, expandable, and allow sequencing and
role transfer. Furthermore, role models can be generalized, specialized or aggregated.

The role model-based approach to represent collaboration patterns between role
types is based on Riehle [45], De Moor [64], and Bogel [42].

De Moor [64] refers to patterns as ”solutions to recurring problems at the right
level of abstraction” and to collaboration patterns as ”a particular class of patterns.”
In preparation for the example, a set of collaboration patterns are presented below. In

parenthesis the considered roles for each pattern are listed:
e Make request (requester, provider);
e Ask question (inquirer, respondent);
e Coordinate others (coordinator, co-worker);

e Share information (information provider, information receiver);

21



478

479

480

481

482

483

484

485

486

487

488

490

491

492

493

494

495

496

497

498

500

e Discuss and clarify (worker, worker);
e Save information (saver, knowledge base);
e Record information (recorder, protocol).

According to Riehle and Gross [45], for every pair of role types A and B, i.e., (A,
B), from R (set of all role types) there is one constraint value. These constraint values

could be:

Role-indifferent: no restriction concerning role A and B;

Role-implied: the entity playing role A also has to play role B;

Role-equivalent: the entity playing role A also has to play role B and vice versa;

Role-prohibited: the entity playing role A never plays role B and vice versa.

In the following, we show a complex communication pattern that illustrates the
reaction to a smart grid service request. Figure [2| depicts a role model of collaboration
patterns based on the service ”contracting non-firm grid access” [46], 47]. In role model
notation, an oval represents a role type, with the natural type in parenthesis. A line
with a forward slash at each end indicates a role-prohibited value. An arrow with a
black arrowhead at both ends describes a bidirectional interaction. An arrow with a
single black arrowhead indicates an interaction. An arrow with a white arrowhead
at both ends depicts a role-equivalent value. An arrow with a single white arrowhead
represents a role-implied value. Note that if no role constraint value is given, the default
role-indifferent value is assumed.

The interaction starts with a grid user submitting a grid connection request to the
DSO web platform (pattern "make request”). The Customers Relationship Manager

verifies the data and transfers the task to the Distribution System Optimizer (pattern
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"coordinate others”). The Distribution System Optimizer creates a grid connection
study (pattern ”record information”). The study includes load flow calculations con-
sidering long-term forecasts of generation and load. Following the study, the Distri-
bution System Optimizer elaborates a connection offer stipulating the potential power
limitation of the connection (pattern ”record information”). The study and the con-
nection proposal are sent to the Data Manager by the Distribution System Optimizer
(pattern ”share information”). The Data Manager stores the documents (pattern ”save
information”). The Distribution System Optimizer sends the connection proposal to
the Customers Relationship Manager (pattern ”share information™). The Customers
Relationship Manager discusses the proposal with the grid user (pattern ”discuss and
clarify”). If signed, the Customers Relationship Manager creates a contract (pattern
"record information”). The Customers Relationship Manager then sends the contract
to the Data Manager (pattern ”share information”). The Data Manager stores the con-
tract (pattern ”"save information”).. The Customers Relationship Manager request the
Smart Meter Operator to manage the metering infrastructure of the grid user (pattern
"make request” ). The Smart Meter Operator, according to his objectives/goals, decides

the date for the installation.

7. Expectations for role adoption

In general, the adoption of the role set will depend on the prevailing regulatory
framework, the state of the technology and the interest level of stakeholders. Particular
aspects that will also influence their adoption are the evolution of ancillary services,
the status of demand response, developments in system management (i.e., approaches
towards planning and operation) and data management and, the status of smart meter-
ing infrastructure. Note that these aspects differ across countries. It follows then that

the tempo at which the role set is deployed would also vary from country to country.
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7.1. Case studies

To indicate the potential adoption path of the role set we assessed the current context
of six European countrieﬂ through surveys and interviews with experts. Each case
study considers regulatory highlights, the evolution of ancillary services, the status
of demand response, developments towards system operation and data management,
and the status of smart meter implementations. The time-wise expectation (potential
adoption path) is based on the existence (or lack of) of clear indications on ongoing
regulatory discussions, adaptations to the regulatory framework in preparation, ICT
infrastructure in place (or planned to be in place), and a clear view on market design
appropriate for role adoption. This qualitative analysis is illustrated by country-specific
pictures where horizontal arrows point to the expected time horizon (today, short-term,
long-term) for each role.

The empirical data resulting from the assessment shows that, among the aspects
mentioned above, the national regulatory framework determines, in large part, the
feasibility and timing for a role to be adopted. That is, a faster adoption pace, i.e., by
2020 (short-term), is expected for roles requiring few modifications to the regulatory
framework. Roles that require substantial changes to the existing regulatory framework
are expected to be adopted in the long-term (i.e., by 2030 or later). Note that the
magnitude of changes is linked to the level of innovation required by the role.

These findings are relevant because they illustrate key drivers for a role to mate-
rialize in a liberalized power system. For instance, the expected interactions among
stakeholders, the target level of transparency and neutrality, and the objectives of the
regulatory framework.

Figure|3|depicts an overview of the expected adoption pace of the surveyed countries

along with examples of enablers and barriers for each role. The presence of different ar-

19Belgium, France, Germany, Ireland, Italy, and Portugal.
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rows highlights the existence of divergent opinions (characterized by national contexts)
regarding the adoption of the role set. Figure {|illustrates the expectation on a country
basis’] Note that both illustrations assume the DSO as the entity that plays each role.
However, this does not mean that all roles are or will necessarily be adopted by DSOs.
For instance, German DSOs may not be able to fully adopt the DM role (see section
B).

As shown in figure 4l DSOs in some countries have already adopted a subset of roles
(light blue). Not surprisingly, for each country the Distribution Constraints Market
Officer (DCMO) role, an entirely new role, could be adopted only in the long term (dark
blue). Other roles show some variation between countries. For instance, the Neutral
Market Facilitator (NMF) and Contributor to System Security (CSS) are expected to
be adopted in the short term (or in the longer term), depending on the country. The
other five roles are either perceived as adopted by the DSO or expected to be adopted
in the short-term (blue).

The list below takes a closerlook at the expectations for each country:

e Belgium: currently only one role seems to be adopted by DSOs. However, it is
expected that the majority of the role set is adopted in the short-term based on
the regulatory recognition of roles and the willingness of regulators and network
operators to discuss and propose solutions to overcome adoption barriers, e.g.,
cost recovery of flexibility options, and platform model to host data and exchange

information among power system stakeholders;

e France: most roles may be realized in the short-term. Today, three roles are
perceived as adopted by DSOs. This perception is based on observed direct assig-

nation (DM and SMO) and regulatory facilitation of service provision (i.e., inno-

20In the figure, DSO refers to the Distribution System Optimizer role.
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vative access contracts to grid users proposed and handled by CRM). Note that
the expectation for the distribution system optimizer role is set for the short-
term. This is mainly due to the current limitation to use smart meter data for
network management. In the long-term, the realization of the full role set will de-
pend on regulatory developments towards grid management actions, for instance,
procurement and activation of distributed flexibility, and incentives to valorize

alternatives to grid reinforcements;

Germany: similar to France and Belgium, most of the roles are expected in the
short-term. However, the German context appears to be favorable for the re-
alization of most roles, i.e., only the DCMO role is expected in the long-term.
Note that roles related to data management (DM) and collection (SMO) may
be adopted to a certain extent. This expectation is based on the assignment of
the TSO as settlement authority for intelligent metering systems; the progress in
common processes, e.g., Energieinformationsnetz (energy information grid); the
implementation of the new metering law; and the evolution of price regulation

and technical implementation of smart meters;

Ireland: in contrast to previous countries, a larger subset of roles is foreseen for
the longer track, i.e., long-term. Additionally, the distribution system optimizer
role, as described in this paper, is foreseen for the short-term. The prognosis
is based on the current need for a regulatory approach that fosters valorization;
procurement and utilization of distributed flexibility; and provides incentives for

DSO-TSO cooperation concerning data management and exchange;

Italy: a comparable picture with France is depicted. However, in respect to data
management, the Italian regulatory framework introduces a data hub (Integrated

Information System - SII) with the objective to centralize and make historical
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data available to traders, NRAs, customers or their delegated parties, and external
stakeholders. Another difference is that in Italy offering "non-firm grid access”

contracts is currently not possible;

e Portugal: analogous to Ireland, a larger share of roles is expected to materialize
in the long-term. The assumption is based on the present approach towards
valorization and use of distributed flexibility. The prevailing regulatory framework
limits the procurement of flexibility by regulated entities for purposes other than
system services (e.g., balancing services acquired by the TSO). It is worth to
mention that even though the DSO currently adopts the Data Manager role,

there is still the possibility that the role is assigned to a third party in the future.

8. Recommendations and Conclusions

The definition and adoption of the proposed role set is not a static but rather, a
continuous process. It starts when the core feature of a role can be performed by an
entity but has no defined endpoint since more features may be added within the limits
of the relevant context. In this regard, NRAs are well positioned to judge the relevance

and applicability of a role at any given point in time.

8.1. Recommendations

Facilitating the transition of the power system requires regulatory frameworks that
promote interoperability and efficiency from a holistic system perspective. Regulatory
frameworks should provide a sound environment for testing new approaches (both for
planning and grid operation), technologies and flexibility-based solutions. To this end,
we recommend the following features to advance the adequacy of the regulatory frame-

work.
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e Enable innovation by allowing for new operational solutions to be tested and

implemented;

e Encourage the assessment of new flexibility levers for optimal network planning

and operation;

e Set clear rules and guidelines for the recognition of capital and operating costs
(CAPEX and OPEX). These rules and guidelines should assess, over different

timeframes, the benefits and costs of using flexibility for active grid management;

e Encourage the definition of mechanisms that make optimal use of system flexibility

services for the sake of the entire power system and its users.

The last point touches upon the need of improved cooperation between DSOs and
TSOs so that hierarchy and priority of actions are well defined in (cascading) processes
for system support, operation and (bidirectional) information exchange.

The features listed above, when combined with clearly delimited responsibilities and
role interactions have the potential to increase the capabilities of network operators to

provide a timely response to network events and guard operational security and QoS.

8.2. Conclusions

In conclusion, power systems are in transition. DSOs that implement active ap-
proaches to optimize grid management, data handling, and cooperation among stake-
holders are key players in this transition.

Our research uses role theory to frame responsibilities and analyze relationships
needed to implement active grid management approaches and innovative services at
electricity distribution system level. The set of roles proposed in this study provides
options to handle the increasing complexity of smart power systems. These roles op-

timize flexibility use across timeframes; facilitate market participation of stakeholders
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in a neutral manner; promote the joint definition of coordination mechanisms between
network operators; and, safeguard neutral, secure, cost-efficient and transparent data
and information exchanges.

The technology readiness level and stakeholder interest are critical factors that im-
pact the adoption of roles. However, findings from our case study suggest that the
adoption of these roles largely depend on national regulatory objectives. The regula-
tory framework may enable (hinder) the provision of a service by promoting a favorable
environment (posing substantial barriers) for organizations to undertake new activities.
For instance, the regulatory framework could enable the adoption of roles by imple-
menting an operation-oriented remuneration for system operators that recognizes the
associated costs of using flexibility. These associated costs could target, among other
activities, the test and deployment of efficient and innovative techno-economic solutions
for the power system value chain.

Moreover, regulatory frameworks are bounded by the national context. As a result,
regulatory approaches vary across countries. Accordingly, as illustrated by our case
study, the timeframe for the adoption of the role set is country specific.

To summarize, the regulatory framework determines to a large extent the pace and
conditions for the evolution and adoption of existing and new roles. Similarly, the
adoption speed and conditions set for these roles will have a substantial impact on the

advancement of the distribution business.
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Figure 2: Role model ”reaction to a request for non-firm grid access connection”

30



Examples of enablers

Recognition of the function by MRA

Pre-qualifi

tion process considers
participation of DSO

Regulation recognizes DSO's
operational security responsibility

Regulation allows use of flexibility
to solve network constraints

DSO’s expertise on data
management

Regulation supports transition to
smart meter infrastructure

Non-firm grid access contracts
under discussion

Regulation allows provision of
regulated data services

#
%
%
%
%
%
%
%

Expected adoption

L |4
Today Short-term Long-term

Distribution Constraints
Market Officer

Neutral Market
Facilitator

Contributor to System
Security

Distribution System
Optimizer

Data Manager

Smart Meter
Operator

‘Customer, Relationship

Examples of barriers

Regulatory uncertainty regarding
use of flexibility offers by DSO

a

Markets do not consider/integrate
D50 constraints in their clearing

a

Lack or limited DSO-TSQ structural
information exchange

Constraints management of DSO is
limited to emergency situations

e

4 Divergent approaches to data
management and access

Technical specifications of smart
meter infrastructure not finished

-

Regulation hinders provision of
non-firm grid access contracts

4 No existing guidelines for provision
of data services by DSO

Figure 3: Time-wise expectation for the adoption of roles - European perspective

31



Belgium

Distribution Constraints
Market Officer

Neutral Market Facilitator

Contributor to System Security.

Distribution

Data Manager
Smart Meter Operator

Customer Rela tionship Manager

Other Third-Party
Relationship Manager

Germany

Distribution Constraints
Market Officer

.
R Contributor to System Security

& Distribution
system
Optimizer

R Smart Meter Operator

® Customer
Relationship
Manager

Other Third-Party

Italy

.
Distribution Constraints
/R Market Officer

/R Neutral Market Facilitator

Distribution System Optimizer

-
fR Contributor to System Security

Operator

Customer Relationship Manager

HParty
Relationship Manager

France

Distribution Constraints
Market Officer

Neutral Market Facilitator

Contributor to System Security

Distribution System Optimizer

Data Manager

Smart Meter
Operator

Customer
Relations|
Manager

Other Third-Party
Relationship Manager

Ireland

.
Distribution Constraints
R Market Officer

.
/A\ Neutral Market Facilitator

.
N Contributor to System Security

Smart Meter
Operator

Customer Relationship Manager

g Other Third-Party

Portugal

Distribution Constraints
Market Officer

Neutral Market Facilitator

Contributor to System Security
Distribution

System

Optimizer

Data Manager

‘Smart Meter
Operator

Customer Relationship Manager

Third-Party
Relationship Manager

Expected adoption

- - L4
Today Shortterm  Long-term

Figure 4: Time-wise expectation for the adoption of roles - Country perspective

32



673

674

675

676

677

678

679

680

681

682

683

684

685

686

687

688

689

690

691

692

693

694

695

696

References

[1]

P. Asmus, Microgrids, virtual power plants and our distributed energy future
23 (10) 72-82. doi:10.1016/j.tej.2010.11.001.

URL http://linkinghub.elsevier.com/retrieve/pii/S1040619010002873

R. H. Lasseter, Smart distribution: Coupled microgrids 99 (6) 1074-1082. doi:

10.1109/JPROC.2011.2114630.

Jaap C. Jansen, Adriaan van der Welle, Frans Nieuwenhout, The virtual power
plant concept from an economic perspective: updated final report.

URL  http://fenix.iwes.fraunhofer.de/docs/documents/Project_Fenix_
2009-07-20_The_virtual_power_plant_concept_from_an_economic_

perspective_Jaap_Jansen_vl.pdf

C. Kieny, B. Berseneff, N. Hadjsaid, Y. Besanger, J. Maire, On the concept and
the interest of virtual power plant: Some results from the european project fenix,
in: 2009 IEEE Power Energy Society General Meeting, pp. 1-6. doi:10.1109/

PES.2009.5275526!

D. Pudjianto, C. Ramsay, G. Strbac, Virtual power plant and system integration
of distributed energy resources 1 (1) 10. doi:10.1049/iet-rpg:20060023.
URL http://digital-library.theiet.org/content/journals/10.1049/

let-rpg_20060023

OECD/IEA, Global EV outlook 2016 - beyond one million electric cars.
URL https://www.iea.org/publications/freepublications/publication/

Global _EV_0Outlook_2016.pdf

B. Biegel, M. Westenholz, L. H. Hansen, J. Stoustrup, P. Andersen, S. Harbo,

Integration of flexible consumers in the ancillary service markets 67 479-489. |doi :

33


http://linkinghub.elsevier.com/retrieve/pii/S1040619010002873
http://dx.doi.org/10.1016/j.tej.2010.11.001
http://linkinghub.elsevier.com/retrieve/pii/S1040619010002873
http://dx.doi.org/10.1109/JPROC.2011.2114630
http://dx.doi.org/10.1109/JPROC.2011.2114630
http://dx.doi.org/10.1109/JPROC.2011.2114630
http://fenix.iwes.fraunhofer.de/docs/documents/Project_Fenix_2009-07-20_The_virtual_power_plant_concept_from_an_economic_perspective_Jaap_Jansen_v1.pdf
http://fenix.iwes.fraunhofer.de/docs/documents/Project_Fenix_2009-07-20_The_virtual_power_plant_concept_from_an_economic_perspective_Jaap_Jansen_v1.pdf
http://fenix.iwes.fraunhofer.de/docs/documents/Project_Fenix_2009-07-20_The_virtual_power_plant_concept_from_an_economic_perspective_Jaap_Jansen_v1.pdf
http://fenix.iwes.fraunhofer.de/docs/documents/Project_Fenix_2009-07-20_The_virtual_power_plant_concept_from_an_economic_perspective_Jaap_Jansen_v1.pdf
http://fenix.iwes.fraunhofer.de/docs/documents/Project_Fenix_2009-07-20_The_virtual_power_plant_concept_from_an_economic_perspective_Jaap_Jansen_v1.pdf
http://fenix.iwes.fraunhofer.de/docs/documents/Project_Fenix_2009-07-20_The_virtual_power_plant_concept_from_an_economic_perspective_Jaap_Jansen_v1.pdf
http://fenix.iwes.fraunhofer.de/docs/documents/Project_Fenix_2009-07-20_The_virtual_power_plant_concept_from_an_economic_perspective_Jaap_Jansen_v1.pdf
http://fenix.iwes.fraunhofer.de/docs/documents/Project_Fenix_2009-07-20_The_virtual_power_plant_concept_from_an_economic_perspective_Jaap_Jansen_v1.pdf
http://dx.doi.org/10.1109/PES.2009.5275526
http://dx.doi.org/10.1109/PES.2009.5275526
http://dx.doi.org/10.1109/PES.2009.5275526
http://digital-library.theiet.org/content/journals/10.1049/iet-rpg_20060023
http://digital-library.theiet.org/content/journals/10.1049/iet-rpg_20060023
http://digital-library.theiet.org/content/journals/10.1049/iet-rpg_20060023
http://dx.doi.org/10.1049/iet-rpg:20060023
http://digital-library.theiet.org/content/journals/10.1049/iet-rpg_20060023
http://digital-library.theiet.org/content/journals/10.1049/iet-rpg_20060023
http://digital-library.theiet.org/content/journals/10.1049/iet-rpg_20060023
https://www.iea.org/publications/freepublications/publication/Global_EV_Outlook_2016.pdf
https://www.iea.org/publications/freepublications/publication/Global_EV_Outlook_2016.pdf
https://www.iea.org/publications/freepublications/publication/Global_EV_Outlook_2016.pdf
https://www.iea.org/publications/freepublications/publication/Global_EV_Outlook_2016.pdf
http://linkinghub.elsevier.com/retrieve/pii/S0360544214000954
http://dx.doi.org/10.1016/j.energy.2014.01.073
http://dx.doi.org/10.1016/j.energy.2014.01.073
http://dx.doi.org/10.1016/j.energy.2014.01.073

697

698

699

700

701

702

703

704

705

706

707

708

709

710

711

712

713

714

715

716

717

718

719

720

[11]

[12]

10.1016/j.energy.2014.01.073.

URL http://linkinghub.elsevier.com/retrieve/pii/S0360544214000954

A. Ramos, E. Rivero, D. Six, Evaluation of current market architectures and reg-

ulatory frameworks and the role of DSOs.

E. Koliou, C. Eid, J. P. Chaves—Avila, R. A. Hakvoort, Demand response in liber-
alized electricity markets: Analysis of aggregated load participation in the german
balancing mechanism 71 245-254. doi:10.1016/j.energy.2014.04.067.

URL http://linkinghub.elsevier.com/retrieve/pii/S0360544214004800

J. Aghaei, M.-1. Alizadeh, Demand response in smart electricity grids equipped
with renewable energy sources: A review 18 64-72. |[doi:10.1016/j.rser.2012.
09.019.

URL http://linkinghub.elsevier.com/retrieve/pii/S1364032112005205

Paolo Bertoldi, Paolo Zancanella, Benigna Boza-Kiss, Demand response status in
EU member states.
URL http://publications. jrc.ec.europa.eu/repository/bitstream/

JRC101191/1dna27998enn. pdf

Jim Eyer, Garth Corey, Energy storage for the electricity grid: Benefits and market
potential assessment guide - a study for the DOE energy storage systems program.

URL http://www.sandia.gov/ess/publications/SAND2010-0815.pdf

ACER, Energy regulation: A bridge to 2025 conclusions paper.

URL http://www.acer.europa.eu/official_documents/acts_of_the_
agency/sd052005/supporting/20document20to%20acer’)20recommendation’,
2005-2014%20-%207%20energy%20regulation’,20a%20bridge’20t0%202025%

20conclusionsy20paper . pdf

34


http://dx.doi.org/10.1016/j.energy.2014.01.073
http://dx.doi.org/10.1016/j.energy.2014.01.073
http://dx.doi.org/10.1016/j.energy.2014.01.073
http://linkinghub.elsevier.com/retrieve/pii/S0360544214000954
http://linkinghub.elsevier.com/retrieve/pii/S0360544214004800
http://linkinghub.elsevier.com/retrieve/pii/S0360544214004800
http://linkinghub.elsevier.com/retrieve/pii/S0360544214004800
http://linkinghub.elsevier.com/retrieve/pii/S0360544214004800
http://linkinghub.elsevier.com/retrieve/pii/S0360544214004800
http://dx.doi.org/10.1016/j.energy.2014.04.067
http://linkinghub.elsevier.com/retrieve/pii/S0360544214004800
http://linkinghub.elsevier.com/retrieve/pii/S1364032112005205
http://linkinghub.elsevier.com/retrieve/pii/S1364032112005205
http://linkinghub.elsevier.com/retrieve/pii/S1364032112005205
http://dx.doi.org/10.1016/j.rser.2012.09.019
http://dx.doi.org/10.1016/j.rser.2012.09.019
http://dx.doi.org/10.1016/j.rser.2012.09.019
http://linkinghub.elsevier.com/retrieve/pii/S1364032112005205
http://publications.jrc.ec.europa.eu/repository/bitstream/JRC101191/ldna27998enn.pdf
http://publications.jrc.ec.europa.eu/repository/bitstream/JRC101191/ldna27998enn.pdf
http://publications.jrc.ec.europa.eu/repository/bitstream/JRC101191/ldna27998enn.pdf
http://publications.jrc.ec.europa.eu/repository/bitstream/JRC101191/ldna27998enn.pdf
http://publications.jrc.ec.europa.eu/repository/bitstream/JRC101191/ldna27998enn.pdf
http://publications.jrc.ec.europa.eu/repository/bitstream/JRC101191/ldna27998enn.pdf
http://www.sandia.gov/ess/publications/SAND2010-0815.pdf
http://www.sandia.gov/ess/publications/SAND2010-0815.pdf
http://www.sandia.gov/ess/publications/SAND2010-0815.pdf
http://www.sandia.gov/ess/publications/SAND2010-0815.pdf
http://www.acer.europa.eu/official_documents/acts_of_the_agency/sd052005/supporting%20document%20to%20acer%20recommendation%2005-2014%20-%20%20energy%20regulation%20a%20bridge%20to%202025%20conclusions%20paper.pdf
http://www.acer.europa.eu/official_documents/acts_of_the_agency/sd052005/supporting%20document%20to%20acer%20recommendation%2005-2014%20-%20%20energy%20regulation%20a%20bridge%20to%202025%20conclusions%20paper.pdf
http://www.acer.europa.eu/official_documents/acts_of_the_agency/sd052005/supporting%20document%20to%20acer%20recommendation%2005-2014%20-%20%20energy%20regulation%20a%20bridge%20to%202025%20conclusions%20paper.pdf
http://www.acer.europa.eu/official_documents/acts_of_the_agency/sd052005/supporting%20document%20to%20acer%20recommendation%2005-2014%20-%20%20energy%20regulation%20a%20bridge%20to%202025%20conclusions%20paper.pdf
http://www.acer.europa.eu/official_documents/acts_of_the_agency/sd052005/supporting%20document%20to%20acer%20recommendation%2005-2014%20-%20%20energy%20regulation%20a%20bridge%20to%202025%20conclusions%20paper.pdf
http://www.acer.europa.eu/official_documents/acts_of_the_agency/sd052005/supporting%20document%20to%20acer%20recommendation%2005-2014%20-%20%20energy%20regulation%20a%20bridge%20to%202025%20conclusions%20paper.pdf
http://www.acer.europa.eu/official_documents/acts_of_the_agency/sd052005/supporting%20document%20to%20acer%20recommendation%2005-2014%20-%20%20energy%20regulation%20a%20bridge%20to%202025%20conclusions%20paper.pdf
http://www.acer.europa.eu/official_documents/acts_of_the_agency/sd052005/supporting%20document%20to%20acer%20recommendation%2005-2014%20-%20%20energy%20regulation%20a%20bridge%20to%202025%20conclusions%20paper.pdf

721

722

723

724

725

726

727

728

729

730

731

732

733

734

735

736

737

739

740

741

742

743

744

[14]

[15]

[16]

[17]

[18]

[19]

R. Belhomme, R. Cerero, G. Valtorta, P. Eyrolles, The ADDRESS project: De-
veloping active demand in smart power systems integrating renewables, in: 2011
IEEE Power and Energy Society General Meeting, pp. 1-8. |doi:10.1109/PES.

2011.6038975.

G. Valtorta, A. D. Simone, L. Consiglio, M. Sebastian, T. Coste, L. Glorieux,
Y. M. Y. Narro, I. Delgado, M. Russo, Architecture and functional specifications of
distribution and transmission control systems to enable and exploit active demand,
in: 21st International Conference on Electricity Distribution.

URL http://www.addressfp7.org/config/files/CIRED2011_1171.pdf

R. D’hulst, J. M. Fernandez, E. Rikos, D. Kolodziej, K. Heussen, D. Geibelk,
A. Temiz, C. Caerts, Voltage and frequency control for future power systems:
the ELECTRA IRP proposal, in: 2015 International Symposium on Smart Elec-
tric Distribution Systems and Technologies (EDST), pp. 245-250. doi:10.1109/

SEDST.2015.7315215.

E. Rivero, D. Six, P. Mallet, M. Sebastian-Viana, J. Stromsather, M. Baron,
evolvDSO: Assessment of the future roles of DSOs, future market architectures
and regulatory frameworks for network integration of DRES, p. 5.

URL https://zenodo.org/record/28763/files/CIRED_2015_new_DS0_roles_

1132, pdf

A. Ramos, C. De Jonghe, V. Gémez, R. Belmans, Realizing the smart grid’s po-
tential: Defining local markets for flexibility 40 26-35. doi:10.1016/j.jup.2016.
03.006.

URL http://linkinghub.elsevier.com/retrieve/pii/S0957178716300820

Helena Gerard, Enrique Rivero, Daan Six, Basic schemes for TSO - DSO coordi-

39


http://dx.doi.org/10.1109/PES.2011.6038975
http://dx.doi.org/10.1109/PES.2011.6038975
http://dx.doi.org/10.1109/PES.2011.6038975
http://www.addressfp7.org/config/files/CIRED2011_1171.pdf
http://www.addressfp7.org/config/files/CIRED2011_1171.pdf
http://www.addressfp7.org/config/files/CIRED2011_1171.pdf
http://www.addressfp7.org/config/files/CIRED2011_1171.pdf
http://dx.doi.org/10.1109/SEDST.2015.7315215
http://dx.doi.org/10.1109/SEDST.2015.7315215
http://dx.doi.org/10.1109/SEDST.2015.7315215
https://zenodo.org/record/28763/files/CIRED_2015_new_DSO_roles_1132.pdf
https://zenodo.org/record/28763/files/CIRED_2015_new_DSO_roles_1132.pdf
https://zenodo.org/record/28763/files/CIRED_2015_new_DSO_roles_1132.pdf
https://zenodo.org/record/28763/files/CIRED_2015_new_DSO_roles_1132.pdf
https://zenodo.org/record/28763/files/CIRED_2015_new_DSO_roles_1132.pdf
https://zenodo.org/record/28763/files/CIRED_2015_new_DSO_roles_1132.pdf
http://linkinghub.elsevier.com/retrieve/pii/S0957178716300820
http://linkinghub.elsevier.com/retrieve/pii/S0957178716300820
http://linkinghub.elsevier.com/retrieve/pii/S0957178716300820
http://dx.doi.org/10.1016/j.jup.2016.03.006
http://dx.doi.org/10.1016/j.jup.2016.03.006
http://dx.doi.org/10.1016/j.jup.2016.03.006
http://linkinghub.elsevier.com/retrieve/pii/S0957178716300820
http://smartnet-project.eu/wp-content/uploads/2016/12/D1.3_20161202_V1.0.pdf
http://smartnet-project.eu/wp-content/uploads/2016/12/D1.3_20161202_V1.0.pdf
http://smartnet-project.eu/wp-content/uploads/2016/12/D1.3_20161202_V1.0.pdf

745

746

747

748

749

750

751

752

753

754

755

756

757

758

759

760

761

762

763

764

767

[20]

[22]

[23]

[24]

[25]

2]

[27]

nation and ancillary services provision.
URL http://smartnet-project.eu/wp-content/uploads/2016/12/D1.3_

20161202_V1.0.pdf

H. Gerard, E. I. Rivero Puente, D. Six, Coordination between transmission and
distribution system operators in the electricity sector: A conceptual framework 50
40-48. [doi:10.1016/3. jup.2017.09.011l

URL http://linkinghub.elsevier.com/retrieve/pii/S0957178717301285

U. Eco, Francis lodwick, in: The search for the perfect language, Fontana Press,

pp- 260-268.
V. Salmon, The Works of Francis Lodwick, Longman.

Bruce J. Biddle, Edwin J. Thomas, Role Theory: Concepts and Research, John

Wiley & Sons.

Bruce J. Biddle, Role Theory, Expectations Identities and Behaviour, Academic

Press.

M. Van der Horst, Role theorydoi:10.1093/0bo/9780199756384-0175.
URL http://www.oxfordbibliographies.com/display/id/

0bo-9780199756384-0175

B. J. Biddle, Recent developments in role theory 12 (1) 67-92. doi:https:
//doi.org/10.1146/annurev.so.12.080186.000435.
URL http://www.annualreviews.org/doi/abs/10.1146/annurev.so.12.

080186.000435

N. Guarino, |Concepts, attributes and arbitrary relations: some linguistic and

ontological criteria for structuring knowledge bases 8 (3) 249-261.

36


http://smartnet-project.eu/wp-content/uploads/2016/12/D1.3_20161202_V1.0.pdf
http://smartnet-project.eu/wp-content/uploads/2016/12/D1.3_20161202_V1.0.pdf
http://smartnet-project.eu/wp-content/uploads/2016/12/D1.3_20161202_V1.0.pdf
http://smartnet-project.eu/wp-content/uploads/2016/12/D1.3_20161202_V1.0.pdf
http://smartnet-project.eu/wp-content/uploads/2016/12/D1.3_20161202_V1.0.pdf
http://smartnet-project.eu/wp-content/uploads/2016/12/D1.3_20161202_V1.0.pdf
http://linkinghub.elsevier.com/retrieve/pii/S0957178717301285
http://linkinghub.elsevier.com/retrieve/pii/S0957178717301285
http://linkinghub.elsevier.com/retrieve/pii/S0957178717301285
http://dx.doi.org/10.1016/j.jup.2017.09.011
http://linkinghub.elsevier.com/retrieve/pii/S0957178717301285
http://www.oxfordbibliographies.com/display/id/obo-9780199756384-0175
http://dx.doi.org/10.1093/obo/9780199756384-0175
http://www.oxfordbibliographies.com/display/id/obo-9780199756384-0175
http://www.oxfordbibliographies.com/display/id/obo-9780199756384-0175
http://www.oxfordbibliographies.com/display/id/obo-9780199756384-0175
http://www.annualreviews.org/doi/abs/10.1146/annurev.so.12.080186.000435
http://dx.doi.org/https://doi.org/10.1146/annurev.so.12.080186.000435
http://dx.doi.org/https://doi.org/10.1146/annurev.so.12.080186.000435
http://dx.doi.org/https://doi.org/10.1146/annurev.so.12.080186.000435
http://www.annualreviews.org/doi/abs/10.1146/annurev.so.12.080186.000435
http://www.annualreviews.org/doi/abs/10.1146/annurev.so.12.080186.000435
http://www.annualreviews.org/doi/abs/10.1146/annurev.so.12.080186.000435
http://www.sciencedirect.com/science/article/pii/0169023X92900257
http://www.sciencedirect.com/science/article/pii/0169023X92900257
http://www.sciencedirect.com/science/article/pii/0169023X92900257

769

770

771

772

773

774

775

776

7T

778

779

780

781

782

783

784

785

786

787

788

789

790

791

[28]

[29]

[30]

[31]

[32]

[33]

URL http://www.sciencedirect.com/science/article/pii/

0169023X92900257

C.W. Bachman, The role data model approach to data structures, in: Proceedings

of the International Conference on DataBases, University of Aberdeen, pp. 1-18.

C.W. Bachman, M. Daya, The role concept in data models, in: Proceedings of the

Third International Conference on Very Large Databases, pp. 464-476.

J.F. Sowa, Conceptual Structures: Information Processing in Mind and Machine,

Addison-Wesley.

F. Steimann, On the representation of roles in object-oriented and conceptual
modelling 35 (1) 83-106. doi:10.1016/30169-023X(00)00023-9.
URL http://www.sciencedirect.com/science/article/pii/

S50169023X00000239

Emil C. Lupu, Morris Sloman, [Towards a role based framework for distributed
systems management 5 (1) 5-30.

URL http://citeseer.ist.psu.edu/viewdoc/download; jsessionid=
FCFA8475A9CF6E3524B8D7D3C866278D7do1=10.1.1.32.9417&rep=repl&type=

pdf

Kevin Crowston, Joseph Rubleske, James Howison, Coordination theory: A
ten-year retrospective, in: P. Zhang, D. Galletta (Eds.), Human-Computer
Interaction in Management Information Systems, M. E. Sharpe, Inc.

URL https://books.google.com/books?hl=en&lr=&id=s53XBgAAQBAJ&oi=
fnd&pg=PA120&dq=%22and+processes+only+int+general+terms, +twithout+
characterizing+in+detail’22+}22called+Coordination+Theory+(CT)

+(Malone+and+Crowston,+1994) .+Their+1994+paper/,22+,22to+its+level+

37


http://www.sciencedirect.com/science/article/pii/0169023X92900257
http://www.sciencedirect.com/science/article/pii/0169023X92900257
http://www.sciencedirect.com/science/article/pii/0169023X92900257
http://www.sciencedirect.com/science/article/pii/S0169023X00000239
http://www.sciencedirect.com/science/article/pii/S0169023X00000239
http://www.sciencedirect.com/science/article/pii/S0169023X00000239
http://dx.doi.org/10.1016/S0169-023X(00)00023-9
http://www.sciencedirect.com/science/article/pii/S0169023X00000239
http://www.sciencedirect.com/science/article/pii/S0169023X00000239
http://www.sciencedirect.com/science/article/pii/S0169023X00000239
http://citeseer.ist.psu.edu/viewdoc/download;jsessionid=FCFA8475A9CF6E3524B8D7D3C866278D?doi=10.1.1.32.9417&rep=rep1&type=pdf
http://citeseer.ist.psu.edu/viewdoc/download;jsessionid=FCFA8475A9CF6E3524B8D7D3C866278D?doi=10.1.1.32.9417&rep=rep1&type=pdf
http://citeseer.ist.psu.edu/viewdoc/download;jsessionid=FCFA8475A9CF6E3524B8D7D3C866278D?doi=10.1.1.32.9417&rep=rep1&type=pdf
http://citeseer.ist.psu.edu/viewdoc/download;jsessionid=FCFA8475A9CF6E3524B8D7D3C866278D?doi=10.1.1.32.9417&rep=rep1&type=pdf
http://citeseer.ist.psu.edu/viewdoc/download;jsessionid=FCFA8475A9CF6E3524B8D7D3C866278D?doi=10.1.1.32.9417&rep=rep1&type=pdf
http://citeseer.ist.psu.edu/viewdoc/download;jsessionid=FCFA8475A9CF6E3524B8D7D3C866278D?doi=10.1.1.32.9417&rep=rep1&type=pdf
http://citeseer.ist.psu.edu/viewdoc/download;jsessionid=FCFA8475A9CF6E3524B8D7D3C866278D?doi=10.1.1.32.9417&rep=rep1&type=pdf
http://citeseer.ist.psu.edu/viewdoc/download;jsessionid=FCFA8475A9CF6E3524B8D7D3C866278D?doi=10.1.1.32.9417&rep=rep1&type=pdf
https://books.google.com/books?hl=en&lr=&id=s53XBgAAQBAJ&oi=fnd&pg=PA120&dq=%22and+processes+only+in+general+terms,+without+characterizing+in+detail%22+%22called+Coordination+Theory+(CT)+(Malone+and+Crowston,+1994).+Their+1994+paper%22+%22to+its+level+of+impact+and+to+identify+areas+needing+further%22+&ots=Wre7GW3ft_&sig=_1b_PD9xKyEodXxZFq2-6JPyoW0
https://books.google.com/books?hl=en&lr=&id=s53XBgAAQBAJ&oi=fnd&pg=PA120&dq=%22and+processes+only+in+general+terms,+without+characterizing+in+detail%22+%22called+Coordination+Theory+(CT)+(Malone+and+Crowston,+1994).+Their+1994+paper%22+%22to+its+level+of+impact+and+to+identify+areas+needing+further%22+&ots=Wre7GW3ft_&sig=_1b_PD9xKyEodXxZFq2-6JPyoW0
https://books.google.com/books?hl=en&lr=&id=s53XBgAAQBAJ&oi=fnd&pg=PA120&dq=%22and+processes+only+in+general+terms,+without+characterizing+in+detail%22+%22called+Coordination+Theory+(CT)+(Malone+and+Crowston,+1994).+Their+1994+paper%22+%22to+its+level+of+impact+and+to+identify+areas+needing+further%22+&ots=Wre7GW3ft_&sig=_1b_PD9xKyEodXxZFq2-6JPyoW0
https://books.google.com/books?hl=en&lr=&id=s53XBgAAQBAJ&oi=fnd&pg=PA120&dq=%22and+processes+only+in+general+terms,+without+characterizing+in+detail%22+%22called+Coordination+Theory+(CT)+(Malone+and+Crowston,+1994).+Their+1994+paper%22+%22to+its+level+of+impact+and+to+identify+areas+needing+further%22+&ots=Wre7GW3ft_&sig=_1b_PD9xKyEodXxZFq2-6JPyoW0
https://books.google.com/books?hl=en&lr=&id=s53XBgAAQBAJ&oi=fnd&pg=PA120&dq=%22and+processes+only+in+general+terms,+without+characterizing+in+detail%22+%22called+Coordination+Theory+(CT)+(Malone+and+Crowston,+1994).+Their+1994+paper%22+%22to+its+level+of+impact+and+to+identify+areas+needing+further%22+&ots=Wre7GW3ft_&sig=_1b_PD9xKyEodXxZFq2-6JPyoW0
https://books.google.com/books?hl=en&lr=&id=s53XBgAAQBAJ&oi=fnd&pg=PA120&dq=%22and+processes+only+in+general+terms,+without+characterizing+in+detail%22+%22called+Coordination+Theory+(CT)+(Malone+and+Crowston,+1994).+Their+1994+paper%22+%22to+its+level+of+impact+and+to+identify+areas+needing+further%22+&ots=Wre7GW3ft_&sig=_1b_PD9xKyEodXxZFq2-6JPyoW0
https://books.google.com/books?hl=en&lr=&id=s53XBgAAQBAJ&oi=fnd&pg=PA120&dq=%22and+processes+only+in+general+terms,+without+characterizing+in+detail%22+%22called+Coordination+Theory+(CT)+(Malone+and+Crowston,+1994).+Their+1994+paper%22+%22to+its+level+of+impact+and+to+identify+areas+needing+further%22+&ots=Wre7GW3ft_&sig=_1b_PD9xKyEodXxZFq2-6JPyoW0
https://books.google.com/books?hl=en&lr=&id=s53XBgAAQBAJ&oi=fnd&pg=PA120&dq=%22and+processes+only+in+general+terms,+without+characterizing+in+detail%22+%22called+Coordination+Theory+(CT)+(Malone+and+Crowston,+1994).+Their+1994+paper%22+%22to+its+level+of+impact+and+to+identify+areas+needing+further%22+&ots=Wre7GW3ft_&sig=_1b_PD9xKyEodXxZFq2-6JPyoW0
https://books.google.com/books?hl=en&lr=&id=s53XBgAAQBAJ&oi=fnd&pg=PA120&dq=%22and+processes+only+in+general+terms,+without+characterizing+in+detail%22+%22called+Coordination+Theory+(CT)+(Malone+and+Crowston,+1994).+Their+1994+paper%22+%22to+its+level+of+impact+and+to+identify+areas+needing+further%22+&ots=Wre7GW3ft_&sig=_1b_PD9xKyEodXxZFq2-6JPyoW0
https://books.google.com/books?hl=en&lr=&id=s53XBgAAQBAJ&oi=fnd&pg=PA120&dq=%22and+processes+only+in+general+terms,+without+characterizing+in+detail%22+%22called+Coordination+Theory+(CT)+(Malone+and+Crowston,+1994).+Their+1994+paper%22+%22to+its+level+of+impact+and+to+identify+areas+needing+further%22+&ots=Wre7GW3ft_&sig=_1b_PD9xKyEodXxZFq2-6JPyoW0
https://books.google.com/books?hl=en&lr=&id=s53XBgAAQBAJ&oi=fnd&pg=PA120&dq=%22and+processes+only+in+general+terms,+without+characterizing+in+detail%22+%22called+Coordination+Theory+(CT)+(Malone+and+Crowston,+1994).+Their+1994+paper%22+%22to+its+level+of+impact+and+to+identify+areas+needing+further%22+&ots=Wre7GW3ft_&sig=_1b_PD9xKyEodXxZFq2-6JPyoW0
https://books.google.com/books?hl=en&lr=&id=s53XBgAAQBAJ&oi=fnd&pg=PA120&dq=%22and+processes+only+in+general+terms,+without+characterizing+in+detail%22+%22called+Coordination+Theory+(CT)+(Malone+and+Crowston,+1994).+Their+1994+paper%22+%22to+its+level+of+impact+and+to+identify+areas+needing+further%22+&ots=Wre7GW3ft_&sig=_1b_PD9xKyEodXxZFq2-6JPyoW0

792

793

794

795

796

797

798

799

800

801

802

803

804

805

806

807

808

809

810

811

812

813

814

[34]

[37]

[38]

[39]

[41]

[42]

of+impact+and+to+tidentify+areas+needing+further’,22+&ots=Wre7GW3ft_

&sig=_1b_PD9xKyEodXxZFq2-6JPyoW0

T. W. Malone, K. Crowston, What is coordination theory and how can it help
design cooperative work systems?), in: Proceedings of the 1990 ACM conference on
Computer-supported cooperative work, ACM, pp. 357-370.

URL http://dl.acm.org/citation.cfm?id=99367
E. P. Andersen, Conceptual modeling of objects: A role modeling approach.

G. Gottlob, M. Schrefl, B. Rock, Extending object-oriented systems with roles (14)

268-296.

B.B. Kristensen, K. Osterbye, Roles: Conceptual abstraction theory and practical

language issues.

B.B. Kristensen, Object-oriented modelling with roles, in: Proceedings of the 2nd

International Conference on Object-Oriented Information Systems.

T. Reenskaug, P. Wold, O.A. Lehne, Working with Objects, The OOram Software

Engineering Method, Manning Publications Co.

L. Zhao, E. A. Kendall, Role modelling for component design, in: Proceedings
33rd International Conference on Technology of Object-Oriented Languages and

Systems TOOLS 33, pp. 312-323. doi:10.1109/T0O0LS.2000.848771.

Peter Coad, Mark Mayfield, Jon Kern, JAVA Design: Building Better Apps and

Applets, 2nd Edition, Yourdon Press Computing Series, Prentice Hall PTR.

S. Bogel, S. Stieglitz, C. Meske, A role model-based approach for modelling col-
laborative processes 20 (4) 598-614. doi:10.1108/BPMJ-07-2013-0094.

URL http://www.emeraldinsight.com/doi/10.1108/BPMJ-07-2013-0094

38


https://books.google.com/books?hl=en&lr=&id=s53XBgAAQBAJ&oi=fnd&pg=PA120&dq=%22and+processes+only+in+general+terms,+without+characterizing+in+detail%22+%22called+Coordination+Theory+(CT)+(Malone+and+Crowston,+1994).+Their+1994+paper%22+%22to+its+level+of+impact+and+to+identify+areas+needing+further%22+&ots=Wre7GW3ft_&sig=_1b_PD9xKyEodXxZFq2-6JPyoW0
https://books.google.com/books?hl=en&lr=&id=s53XBgAAQBAJ&oi=fnd&pg=PA120&dq=%22and+processes+only+in+general+terms,+without+characterizing+in+detail%22+%22called+Coordination+Theory+(CT)+(Malone+and+Crowston,+1994).+Their+1994+paper%22+%22to+its+level+of+impact+and+to+identify+areas+needing+further%22+&ots=Wre7GW3ft_&sig=_1b_PD9xKyEodXxZFq2-6JPyoW0
https://books.google.com/books?hl=en&lr=&id=s53XBgAAQBAJ&oi=fnd&pg=PA120&dq=%22and+processes+only+in+general+terms,+without+characterizing+in+detail%22+%22called+Coordination+Theory+(CT)+(Malone+and+Crowston,+1994).+Their+1994+paper%22+%22to+its+level+of+impact+and+to+identify+areas+needing+further%22+&ots=Wre7GW3ft_&sig=_1b_PD9xKyEodXxZFq2-6JPyoW0
https://books.google.com/books?hl=en&lr=&id=s53XBgAAQBAJ&oi=fnd&pg=PA120&dq=%22and+processes+only+in+general+terms,+without+characterizing+in+detail%22+%22called+Coordination+Theory+(CT)+(Malone+and+Crowston,+1994).+Their+1994+paper%22+%22to+its+level+of+impact+and+to+identify+areas+needing+further%22+&ots=Wre7GW3ft_&sig=_1b_PD9xKyEodXxZFq2-6JPyoW0
https://books.google.com/books?hl=en&lr=&id=s53XBgAAQBAJ&oi=fnd&pg=PA120&dq=%22and+processes+only+in+general+terms,+without+characterizing+in+detail%22+%22called+Coordination+Theory+(CT)+(Malone+and+Crowston,+1994).+Their+1994+paper%22+%22to+its+level+of+impact+and+to+identify+areas+needing+further%22+&ots=Wre7GW3ft_&sig=_1b_PD9xKyEodXxZFq2-6JPyoW0
http://dl.acm.org/citation.cfm?id=99367
http://dl.acm.org/citation.cfm?id=99367
http://dl.acm.org/citation.cfm?id=99367
http://dl.acm.org/citation.cfm?id=99367
http://dx.doi.org/10.1109/TOOLS.2000.848771
http://www.emeraldinsight.com/doi/10.1108/BPMJ-07-2013-0094
http://www.emeraldinsight.com/doi/10.1108/BPMJ-07-2013-0094
http://www.emeraldinsight.com/doi/10.1108/BPMJ-07-2013-0094
http://dx.doi.org/10.1108/BPMJ-07-2013-0094
http://www.emeraldinsight.com/doi/10.1108/BPMJ-07-2013-0094

815

816

817

818

819

820

821

822

823

824

825

826

827

828

829

830

831

832

833

834

835

836

837

[43]

[44]

[45]

J. Sowa, Relational models of the lexicon, Cambridge University Press, pp. 113—
137.

URL http://dl.acm.org/citation.cfm?id=94538.94547

E. A. Kendall, Role modelling for agent system analysis, design, and implemen-
tation, in: Agent Systems and Applications, 1999 and Third International Sym-
posium on Mobile Agents. Proceedings. First International Sympoesium on, IEEE,
pp. 204-218.

URL http://ieeexplore.ieee.org/abstract/document/805405/

D. Riehle, T. Gross, Role model based framework design and integration, in: ACM
SIGPLAN Notices, Vol. 33, ACM, pp. 117-133.

URL http://dl.acm.org/citation.cfm?id=286951

E. Rivero, D. Six, A. Ramos, M. Maenhoudt, Preliminary assessment of the future
roles of DSOs, future market architectures and regulatory frameworks for network

integration of DRES.

A. Ulian, M. Sebastian, G. Bartolucci, C. Gutschi, Business use cases definition

and requirements.

F. Aburub, M. Odeh, 1. Beeson, Modelling non-functional requirements of business
processes 49 (11) 1162-1171. doi:10.1016/j.infsof.2006.12.002.

URL http://linkinghub.elsevier.com/retrieve/pii/S0950584906001972

H. Schuster, J. Kellermann, T. Bongers, Definition of a limited but representative

number of future scenarios.

[EC 62559-2:2015: Use case methodology — part 2: Definition of the templates for

use cases, actor list and requirements list.

39


http://dl.acm.org/citation.cfm?id=94538.94547
http://dl.acm.org/citation.cfm?id=94538.94547
http://ieeexplore.ieee.org/abstract/document/805405/
http://ieeexplore.ieee.org/abstract/document/805405/
http://ieeexplore.ieee.org/abstract/document/805405/
http://ieeexplore.ieee.org/abstract/document/805405/
http://dl.acm.org/citation.cfm?id=286951
http://dl.acm.org/citation.cfm?id=286951
http://linkinghub.elsevier.com/retrieve/pii/S0950584906001972
http://linkinghub.elsevier.com/retrieve/pii/S0950584906001972
http://linkinghub.elsevier.com/retrieve/pii/S0950584906001972
http://dx.doi.org/10.1016/j.infsof.2006.12.002
http://linkinghub.elsevier.com/retrieve/pii/S0950584906001972

838

839

840

841

842

843

844

845

846

847

848

849

850

851

852

853

854

855

856

857

858

859

860

861

[51]

[52]

[53]

[54]

[56}

E. Rivero, D. Six, H. Gerard, Assessment of future market architectures and reg-

ulatory frameworks for network integration of DRES — the future roles of DSOs.

Helena Gerard, Enrique Rivero, Daan Six, Roadmap detailing electricity system
of the future (short-term/mid-term and long-term), with new/evolving DSO roles,

adjustments to regulatory framework and new market architectures.

M. Wirsing, A. Knapp, A formal approach to object-oriented software engineering
285 (2) 519-560. doi:10.1016/50304-3975(01)00367-X.
URL http://www.sciencedirect.com/science/article/pii/

S5030439750100367X

E. Hsieh, R. Anderson, Grid flexibility: The quiet revolution 30 (2) 1-8.
doi:10.1016/j.tej.2017.01.009.
URL http://www.sciencedirect.com/science/article/pii/

51040619017300064

Eurelectric, Active distribution system management: A key tool for the smooth
integration of distributed generation - findings and recommendations.
URL http://www.eurelectric.org/media/74356/asm_full_report_

discussion_paper_final-2013-030-0117-01-e.pdf

Georgios Papaefthymiou, Katharina Grave, Ken Dragoon, Flexibility options in

electricity systems.

URLhttp://www.ecofys.com/en/press/report-flexibility-options-in-electricity-syst

N. Hatziargyriou, A. Dimeas, K. Kaousias, S. Kokkinelis, G. Korres, P. Kourelis,
G. Mparbayiannis, S. Papathanassiou, E. Stavropoulou, SuSTAINABLE — smart
distribution system OperaTion for MAximizing the INtegration of RenewABLE
generation, in: DEMSEE.

40


http://www.sciencedirect.com/science/article/pii/S030439750100367X
http://dx.doi.org/10.1016/S0304-3975(01)00367-X
http://www.sciencedirect.com/science/article/pii/S030439750100367X
http://www.sciencedirect.com/science/article/pii/S030439750100367X
http://www.sciencedirect.com/science/article/pii/S030439750100367X
http://www.sciencedirect.com/science/article/pii/S1040619017300064
http://dx.doi.org/10.1016/j.tej.2017.01.009
http://www.sciencedirect.com/science/article/pii/S1040619017300064
http://www.sciencedirect.com/science/article/pii/S1040619017300064
http://www.sciencedirect.com/science/article/pii/S1040619017300064
http://www.eurelectric.org/media/74356/asm_full_report_discussion_paper_final-2013-030-0117-01-e.pdf
http://www.eurelectric.org/media/74356/asm_full_report_discussion_paper_final-2013-030-0117-01-e.pdf
http://www.eurelectric.org/media/74356/asm_full_report_discussion_paper_final-2013-030-0117-01-e.pdf
http://www.eurelectric.org/media/74356/asm_full_report_discussion_paper_final-2013-030-0117-01-e.pdf
http://www.eurelectric.org/media/74356/asm_full_report_discussion_paper_final-2013-030-0117-01-e.pdf
http://www.eurelectric.org/media/74356/asm_full_report_discussion_paper_final-2013-030-0117-01-e.pdf
http://www.ecofys.com/en/press/report-flexibility-options-in-electricity-systems/
http://www.ecofys.com/en/press/report-flexibility-options-in-electricity-systems/
http://www.ecofys.com/en/press/report-flexibility-options-in-electricity-systems/
http://www.ecofys.com/en/press/report-flexibility-options-in-electricity-systems/
http://www.sustainableproject.eu/Portals/0/Publica%C3%A7%C3%B5es/DEMSEE2014_SuSTAINABLE_.pdf
http://www.sustainableproject.eu/Portals/0/Publica%C3%A7%C3%B5es/DEMSEE2014_SuSTAINABLE_.pdf
http://www.sustainableproject.eu/Portals/0/Publica%C3%A7%C3%B5es/DEMSEE2014_SuSTAINABLE_.pdf
http://www.sustainableproject.eu/Portals/0/Publica%C3%A7%C3%B5es/DEMSEE2014_SuSTAINABLE_.pdf
http://www.sustainableproject.eu/Portals/0/Publica%C3%A7%C3%B5es/DEMSEE2014_SuSTAINABLE_.pdf

862

863

864

865

866

867

868

869

870

871

872

873

874

875

876

877

878

879

880

881

882

883

884

[58]

[59]

[62]

[63]

URL http://www.sustainableproject.eu/Portals/0/PublicakiC3%A7%C3%

B5es/DEMSEE2014_SuSTAINABLE_.pdf

Smart Grid Task Force, Options on handling smart grids data.
URL https://ec.europa.eu/energy/sites/ener/files/documents/xpert_

group3d_first_year_report.pdf

CEER, The future role of DSOs - a CEER conclusions paper.
URL https://www.ceer.eu/documents/104400/-/-/

5e44fe86-6109-8bb3-2fa7-3206de320381

CEN, CENELEC, ETSI, SG-CG/m490/e-part e: Smart grid use case management
process.
URL http://ec.europa.eu/energy/sites/ener/files/documents/xpert_

groupl_sustainable_processes.pdf

CEER, The future role of DSOs - a CEER public consultation paper.

URL http://www.ceer.eu/portal/page/portal/EER_HOME/EER_CONSULT/
CLOSED’%20PUBLIC%20CONSULTATIONS/CROSSSECTORAL/PC_The_Future_Role_

of _DS0s/CD/C14-DS0-09-03_Future%20Role’%200f%20the’%20DS0%20-7%20167%

20December?202014 . pdf

EDSO SG, Response to CEER public consultation on the future role of the DSO.

URL http://www.edsoforsmartgrids.eu/wp-content/uploads/public/

EDSO-response-to-CEER-public-consultation-on-future-role-of-DS0-270220152.

pdf

J. Becker, M. Rosemann, C. v. Uthmann, Guidelines of business process modeling,

in: Business Process Management, Lecture Notes in Computer Science, Springer,

41


http://www.sustainableproject.eu/Portals/0/Publica%C3%A7%C3%B5es/DEMSEE2014_SuSTAINABLE_.pdf
http://www.sustainableproject.eu/Portals/0/Publica%C3%A7%C3%B5es/DEMSEE2014_SuSTAINABLE_.pdf
http://www.sustainableproject.eu/Portals/0/Publica%C3%A7%C3%B5es/DEMSEE2014_SuSTAINABLE_.pdf
https://ec.europa.eu/energy/sites/ener/files/documents/xpert_group3_first_year_report.pdf
https://ec.europa.eu/energy/sites/ener/files/documents/xpert_group3_first_year_report.pdf
https://ec.europa.eu/energy/sites/ener/files/documents/xpert_group3_first_year_report.pdf
https://ec.europa.eu/energy/sites/ener/files/documents/xpert_group3_first_year_report.pdf
https://www.ceer.eu/documents/104400/-/-/5e44fe86-6109-8b58-2fa7-3206de320381
https://www.ceer.eu/documents/104400/-/-/5e44fe86-6109-8b58-2fa7-3206de320381
https://www.ceer.eu/documents/104400/-/-/5e44fe86-6109-8b58-2fa7-3206de320381
https://www.ceer.eu/documents/104400/-/-/5e44fe86-6109-8b58-2fa7-3206de320381
http://ec.europa.eu/energy/sites/ener/files/documents/xpert_group1_sustainable_processes.pdf
http://ec.europa.eu/energy/sites/ener/files/documents/xpert_group1_sustainable_processes.pdf
http://ec.europa.eu/energy/sites/ener/files/documents/xpert_group1_sustainable_processes.pdf
http://ec.europa.eu/energy/sites/ener/files/documents/xpert_group1_sustainable_processes.pdf
http://ec.europa.eu/energy/sites/ener/files/documents/xpert_group1_sustainable_processes.pdf
http://ec.europa.eu/energy/sites/ener/files/documents/xpert_group1_sustainable_processes.pdf
http://www.ceer.eu/portal/page/portal/EER_HOME/EER_CONSULT/CLOSED%20PUBLIC%20CONSULTATIONS/CROSSSECTORAL/PC_The_Future_Role_of_DSOs/CD/C14-DSO-09-03_Future%20Role%20of%20the%20DSO%20-%2016%20December%202014.pdf
http://www.ceer.eu/portal/page/portal/EER_HOME/EER_CONSULT/CLOSED%20PUBLIC%20CONSULTATIONS/CROSSSECTORAL/PC_The_Future_Role_of_DSOs/CD/C14-DSO-09-03_Future%20Role%20of%20the%20DSO%20-%2016%20December%202014.pdf
http://www.ceer.eu/portal/page/portal/EER_HOME/EER_CONSULT/CLOSED%20PUBLIC%20CONSULTATIONS/CROSSSECTORAL/PC_The_Future_Role_of_DSOs/CD/C14-DSO-09-03_Future%20Role%20of%20the%20DSO%20-%2016%20December%202014.pdf
http://www.ceer.eu/portal/page/portal/EER_HOME/EER_CONSULT/CLOSED%20PUBLIC%20CONSULTATIONS/CROSSSECTORAL/PC_The_Future_Role_of_DSOs/CD/C14-DSO-09-03_Future%20Role%20of%20the%20DSO%20-%2016%20December%202014.pdf
http://www.ceer.eu/portal/page/portal/EER_HOME/EER_CONSULT/CLOSED%20PUBLIC%20CONSULTATIONS/CROSSSECTORAL/PC_The_Future_Role_of_DSOs/CD/C14-DSO-09-03_Future%20Role%20of%20the%20DSO%20-%2016%20December%202014.pdf
http://www.ceer.eu/portal/page/portal/EER_HOME/EER_CONSULT/CLOSED%20PUBLIC%20CONSULTATIONS/CROSSSECTORAL/PC_The_Future_Role_of_DSOs/CD/C14-DSO-09-03_Future%20Role%20of%20the%20DSO%20-%2016%20December%202014.pdf
http://www.ceer.eu/portal/page/portal/EER_HOME/EER_CONSULT/CLOSED%20PUBLIC%20CONSULTATIONS/CROSSSECTORAL/PC_The_Future_Role_of_DSOs/CD/C14-DSO-09-03_Future%20Role%20of%20the%20DSO%20-%2016%20December%202014.pdf
http://www.ceer.eu/portal/page/portal/EER_HOME/EER_CONSULT/CLOSED%20PUBLIC%20CONSULTATIONS/CROSSSECTORAL/PC_The_Future_Role_of_DSOs/CD/C14-DSO-09-03_Future%20Role%20of%20the%20DSO%20-%2016%20December%202014.pdf
http://www.edsoforsmartgrids.eu/wp-content/uploads/public/EDSO-response-to-CEER-public-consultation-on-future-role-of-DSO-270220152.pdf
http://www.edsoforsmartgrids.eu/wp-content/uploads/public/EDSO-response-to-CEER-public-consultation-on-future-role-of-DSO-270220152.pdf
http://www.edsoforsmartgrids.eu/wp-content/uploads/public/EDSO-response-to-CEER-public-consultation-on-future-role-of-DSO-270220152.pdf
http://www.edsoforsmartgrids.eu/wp-content/uploads/public/EDSO-response-to-CEER-public-consultation-on-future-role-of-DSO-270220152.pdf
http://www.edsoforsmartgrids.eu/wp-content/uploads/public/EDSO-response-to-CEER-public-consultation-on-future-role-of-DSO-270220152.pdf
http://www.edsoforsmartgrids.eu/wp-content/uploads/public/EDSO-response-to-CEER-public-consultation-on-future-role-of-DSO-270220152.pdf
https://link.springer.com/chapter/10.1007/3-540-45594-9_3

885

886

887

888

889

890

891

892

893

[64]

Berlin, Heidelberg, pp. 30-49. doi:10.1007/3-540-45594-9_3.

URL https://1link.springer.com/chapter/10.1007/3-540-45594-9_3

A. De Moor, (Community memory activation with collaboration patterns, Prato,
pp- 9-11.

URL https://books.google.com/books?hl=en&lr=&id=e2YZBwAAQBAJ&oi=
fnd&pg=PA37&dq=%22processes+is+paramount, +this+collective+memory+
loss+can+cometat+great+cost+and/22+%22%26+Khine, +2006%3B+Schuler,
+2002) . +Patterns+define+relatively+stablet+solutions+to+recurring+

problems’22+&ots=4W6LrBk41A&sig=_CeGEr7CFzbswcHRFP-SNrBOf1o

42


http://dx.doi.org/10.1007/3-540-45594-9_3
https://link.springer.com/chapter/10.1007/3-540-45594-9_3
https://books.google.com/books?hl=en&lr=&id=e2YZBwAAQBAJ&oi=fnd&pg=PA37&dq=%22processes+is+paramount,+this+collective+memory+loss+can+come+at+great+cost+and%22+%22%26+Khine,+2006%3B+Schuler,+2002).+Patterns+define+relatively+stable+solutions+to+recurring+problems%22+&ots=4W6LrBk41A&sig=_CeGEr7CFzbswcHRFP-SNrB0f1o
https://books.google.com/books?hl=en&lr=&id=e2YZBwAAQBAJ&oi=fnd&pg=PA37&dq=%22processes+is+paramount,+this+collective+memory+loss+can+come+at+great+cost+and%22+%22%26+Khine,+2006%3B+Schuler,+2002).+Patterns+define+relatively+stable+solutions+to+recurring+problems%22+&ots=4W6LrBk41A&sig=_CeGEr7CFzbswcHRFP-SNrB0f1o
https://books.google.com/books?hl=en&lr=&id=e2YZBwAAQBAJ&oi=fnd&pg=PA37&dq=%22processes+is+paramount,+this+collective+memory+loss+can+come+at+great+cost+and%22+%22%26+Khine,+2006%3B+Schuler,+2002).+Patterns+define+relatively+stable+solutions+to+recurring+problems%22+&ots=4W6LrBk41A&sig=_CeGEr7CFzbswcHRFP-SNrB0f1o
https://books.google.com/books?hl=en&lr=&id=e2YZBwAAQBAJ&oi=fnd&pg=PA37&dq=%22processes+is+paramount,+this+collective+memory+loss+can+come+at+great+cost+and%22+%22%26+Khine,+2006%3B+Schuler,+2002).+Patterns+define+relatively+stable+solutions+to+recurring+problems%22+&ots=4W6LrBk41A&sig=_CeGEr7CFzbswcHRFP-SNrB0f1o
https://books.google.com/books?hl=en&lr=&id=e2YZBwAAQBAJ&oi=fnd&pg=PA37&dq=%22processes+is+paramount,+this+collective+memory+loss+can+come+at+great+cost+and%22+%22%26+Khine,+2006%3B+Schuler,+2002).+Patterns+define+relatively+stable+solutions+to+recurring+problems%22+&ots=4W6LrBk41A&sig=_CeGEr7CFzbswcHRFP-SNrB0f1o
https://books.google.com/books?hl=en&lr=&id=e2YZBwAAQBAJ&oi=fnd&pg=PA37&dq=%22processes+is+paramount,+this+collective+memory+loss+can+come+at+great+cost+and%22+%22%26+Khine,+2006%3B+Schuler,+2002).+Patterns+define+relatively+stable+solutions+to+recurring+problems%22+&ots=4W6LrBk41A&sig=_CeGEr7CFzbswcHRFP-SNrB0f1o
https://books.google.com/books?hl=en&lr=&id=e2YZBwAAQBAJ&oi=fnd&pg=PA37&dq=%22processes+is+paramount,+this+collective+memory+loss+can+come+at+great+cost+and%22+%22%26+Khine,+2006%3B+Schuler,+2002).+Patterns+define+relatively+stable+solutions+to+recurring+problems%22+&ots=4W6LrBk41A&sig=_CeGEr7CFzbswcHRFP-SNrB0f1o
https://books.google.com/books?hl=en&lr=&id=e2YZBwAAQBAJ&oi=fnd&pg=PA37&dq=%22processes+is+paramount,+this+collective+memory+loss+can+come+at+great+cost+and%22+%22%26+Khine,+2006%3B+Schuler,+2002).+Patterns+define+relatively+stable+solutions+to+recurring+problems%22+&ots=4W6LrBk41A&sig=_CeGEr7CFzbswcHRFP-SNrB0f1o
https://books.google.com/books?hl=en&lr=&id=e2YZBwAAQBAJ&oi=fnd&pg=PA37&dq=%22processes+is+paramount,+this+collective+memory+loss+can+come+at+great+cost+and%22+%22%26+Khine,+2006%3B+Schuler,+2002).+Patterns+define+relatively+stable+solutions+to+recurring+problems%22+&ots=4W6LrBk41A&sig=_CeGEr7CFzbswcHRFP-SNrB0f1o
https://books.google.com/books?hl=en&lr=&id=e2YZBwAAQBAJ&oi=fnd&pg=PA37&dq=%22processes+is+paramount,+this+collective+memory+loss+can+come+at+great+cost+and%22+%22%26+Khine,+2006%3B+Schuler,+2002).+Patterns+define+relatively+stable+solutions+to+recurring+problems%22+&ots=4W6LrBk41A&sig=_CeGEr7CFzbswcHRFP-SNrB0f1o

	Introduction
	Background
	Methodology
	A new set of roles for a smart grid context
	Distribution Constraints Market Officer
	Distribution System Optimizer
	Neutral Market Facilitator
	Contributor to System Security
	Data Manager
	Smart Meter Operator
	Customers Relationship Manager
	Other Third-Party Relationship Manager

	Third-party assignation
	Roles and Collaboration Patterns
	Expectations for role adoption
	Case studies

	Recommendations and Conclusions
	Recommendations
	Conclusions


