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Executive Summary
Due to the significant changes in the electricity network, necessary to meet the demands towards the drive
for cleaner energy, increased technological advances and operating methodologies have become more
prominent. Due to these new additions, system operators are experiencing challenges such as network
violations, reverse power flow and increased network instability. In order to overcome these challenges,
smart grid tools and smart functions have been developed in order to support the integration of new
renewable energy resources (RES) to align with clean energy initiatives. These tools and functions enable
system operators to use RES as flexibility sources which can be used for the planning and operation of
electrical networks while ensuring the safe and reliable supply of electricity in a cost-effective manner.
Furthermore, the change in the energy paradigm also paves the way for the emergence of new actors (such
as aggregators) and new behaviours (such as the active participation of prosumers or industrial customers).
In the InteGrid project, various smart grid functions and tools are developed with the goal of enabling the
Distribution System Operators (DSO) to become a market facilitator, where aggregators and customer
behaviours are fostered, such that they are able to offer an integrated set of solutions which can scale
successfully with future network development and can be replicated beyond InteGrid.
InteGrid’s smart grid functions include advanced forecasting algorithms, such as predictive maintenance,
traffic light systems (TLS), load/RES forecasts and Home Energy Management Systems (HEMS). These
functions enable aggregators to operate as Virtual Power Plants (VPP) to provide their flexibility pools of
loads and generators located in the distribution network to either the DSO or contribute significantly to the
provision of balancing services for Transmission System Operators (TSO) and Balancing Responsible Parties
(BRP). However, it creates a necessity for the DSO to validate and coordinate such operations, which are to
be solved by InteGrid’s solutions.
These concepts are developed and demonstrated in the InteGrid project within three European countries
(Portugal, Slovenia and Sweden) with a total of six specific locations. These concepts fall within the scope
of two main use cases: Operational planning of medium-voltage (MV) distribution networks and Distributed
monitoring and control of low-voltage (LV) networks.
Nevertheless, the demonstration of these smart grid solutions in pilot projects does not guarantee that the
system can be replicated in another environment, under different boundary conditions and under
increasing stress 1 conditions. Therefore, it is fundamental for DSO technology providers and for commercial
players, such as aggregators, to guarantee the scalability and replicability of the system and its
functionalities prior to large scale implementation. In the context of InteGrid, the scalability refers to the
scenario when there is a large-scale implementation of smart functions, while the replicability refers to the
scenario when these functions are placed under different conditions, such as within another network type,
location or time. Hence, the InteGrid project performs a Scalability and Replicability Analysis (SRA) for the
set of integrated solutions (tools) from the functional, Information and Communication Technology (ICT)
[REF D8.1], economic and regulatory domains perspectives [REF D8.2]. The respective focus areas domains

1

Stress condition is considered when the electrical network exceeds (or is close to exceeding) its thermal or voltage
limits.
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are based on the interoperability layers of the Smart Grid Architecture Model (SGAM) and are summarized
in Figure 1.

Figure 1: Overview of the scalability and replicability analysis focus areas

For each of these focus areas, numerous scenarios were developed in order to demonstrate the impact of
the scalability and replicability of these solution considering the demonstration networks of Portugal (PT),
Slovenia (SI) and Sweden (SW). To facilitate and develop the scenarios, a pre-evaluation and clustering
process of the project’s High-Level Use Cases (HLUC) was adopted. This allowed for the grouping of HLUC
according to the application and interaction of the smart functions developed within InteGrid. Four main
clusters were identified, along with a non-cluster group which caters for the HLUCs which could not be
entirely incorporated.

Figure 2: Clusters of the HLUC for the SRA

Additional HLUC, such as HLUC03, HLUC04, HLUC06 and HLUC07 were analysed separately in accordance
to the outcomes obtained directly from the respective demonstrations.
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This document is focused on recollecting the lessons learned from the experience gained from each of the
demonstrations and the investigation of the scaling and replication of InteGrid’s functions in order to
provide a replication roadmap, which considers internal and external stakeholder feedback. The
collaboration between system operators, service providers, regulators and customers has ensured that all
stakeholders, along with each of their respective objectives, are accounted for, such that a holistic approach
is achieved.
In order to develop the replication roadmap, a three-pillar concept which incorporates the lessons learned,
best practices and replication paths is presented in Figure 3.

Figure 3: Three pillar concept

The lessons learned obtained from each of the respective on-site demonstrations, in combination with the
key outcomes of the SRA, were collected and analysed in order to identify key results achievable for the
future implementation of these smart grid solutions. These lessons learned provide stakeholders with an
overview of key drivers and barriers when implementing InteGrid’s smart grid tools based on the proposed
scenarios.
Best practices are identified to maximise replicability of the set of tools developed in InteGrid and capture
their benefits. They are provided as a set of recommendations to ensure successful operation of the
electrical network when replicated. These best practices were collected based on a high-level overview of
the best practices and guidelines from InteGrid’s outcomes, internal and external stakeholder experience,
previous smart grid projects and project management techniques. A condensed overview of the technical
recommendations provided for best practice is offered in Figure 4 and is based on the main focus areas
identified, which are inherited from the SRA.
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Figure 4: Summary of recommendations for each focus area

Replication paths for each of the focus areas, based on a process flow as shown in Figure 5, provides a clear
view of the minimum requirements for the successful implementation of the smart functions and tools
developed within InteGrid depending on the desired set of tools and the maturity assessment of their
networks. Furthermore, the roadmap provides the alternative paths to overcome potential roadblocks and
includes the implementation of recommendations and best practices.

Figure 5: Overview of replication paths for each focus area
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Lastly, the final outcome from this deliverable is the ten-step replication roadmap, shown in Figure 6. It
encompasses the entire process of the project in order to ensure the successful replication of the smart
grid technologies developed within InteGrid. The replication roadmap provides electrical system operators
and network owners with a simplified methodology which can be used to assist with the successful
implementation of the smart tools and functions developed within InteGrid. Additionally, it provides
support to the relevant stakeholders, who intend to implement InteGrid’s network solutions, with a
strategic planning and implementation plan to integrate the smart grid technologies within their electrical
networks.

Figure 6: Final replication roadmap
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1 Introduction
1.1 Scope of the document
This deliverable presents an overview of the results of the scalability and replicability analysis (SRA) process
conducted in InteGrid which are reflected in [REF D8.1]: Technical scalability and replicability of the InteGrid
smart grid functionalities and [REF D8.2]: Economic and regulatory scalability and replicability of the
InteGrid smart grid functionalities. Its results are disseminated to internal and external stakeholders to gain
feedback and identify the best practices to propose replication paths for the set of solutions developed
within InteGrid. The scalability and replicability analysis aims to explore the impact of future scenarios when
smart grid functions are incorporated within various networks. The scalability refers to the scenario when
there is a large-scale implementation of these functions, while the replicability refers to the scenario when
these functions are placed under different conditions, such as within another network type, location or
time. The replication roadmap provides a high-level process which allows network operators and/or owners
to successfully incorporate the InteGrid smart functions within their networks. This process allows these
stakeholders to identify the minimum requirements necessary to assess the maturity of their networks.
Furthermore, the roadmap provides the alternative paths to overcome potential roadblocks and includes
the implementation of recommendations and best practices.

1.2 How to read the deliverable
The basis of the deliverable structure is divided into various chapters which are described as follows:
Chapter 2 provides the motivation for the requirement and methodology used in order to develop the
replication roadmap. In this chapter, an overview of the SRA process is described and the focus areas of the
SRA (Functional, ICT, Economic and Regulatory) and their respective methodologies are explained.
Thereafter, an overview of the clustering process used to facilitate the SRA is presented. Based on the
clustering process, the lessons learned from the SRA are extracted in order to maintain consistency.
Chapter 3 provides an overview of the outcomes of the SRA and focuses on analysing the lessons learned
for each of the focus areas within each of the clusters identified.
Chapter 4 identifies and describes the guidelines for best practices and provides recommendations
consolidated from the lessons learned and experienced gained.
Chapter 5 provides the proposed replication roadmap, through the use of simplified process flows as a
visual aid to provide ease of understanding of this complex process.
Chapter 6 presents the collaborative conclusions for the replication process and summarizes the work
performed within InteGrid’s WP8.
Annexes includes the stakeholder consultation questions and answers recollected during the two webinar
sessions conducted for the preparation of this document.
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2 Approach
2.1 Motivation
In recent years, the electricity supply chain has experienced a paradigm shift due to the increased
awareness of low carbon initiatives, the rise of renewable energy technologies due to price reductions,
technology advances and new regulations which have been enforced to combat global emissions.
Furthermore, the increase in flexibilities has allowed for the increase in business opportunities, where
market players are able to leverage and benefit from these facilitators. However, the integration of
distributed energy resources (DERs) both at the medium and low voltage level has resulted in an increase
of complexities faced by the network operators in order to ensure that network operating limits are
adhered to. Various smart grid technologies based on innovative methods, tools and functions have been
developed in order to ensure that this transition is as smooth as possible. However, the question remains,
to what degree can these technologies be successful when they are integrated in larger networks, with an
increased number of network devices or under different network conditions (e.g. network type,
configuration or location)? Therefore, the need to conduct a scalability and replicability analysis (SRA) in
order to investigate such futuristic scenarios is ever increasing in order to evaluate the impact on existing
networks. The SRA allows for these scenarios to be envisioned by bridging the gap between current network
conditions and possible future scenarios. In this manner, the technologies deployed can be implemented
and fully utilised in a sustainable manner to ensure longevity of the networks as potential constraints,
barriers and drivers are identified beforehand.
To capture the impact of these technologies, it is necessary to consider several system aspects based on a
multi-layer approach. These aspects can be mapped to the Smart Grid Architecture Model (SGAM) which
follows the deployment of such technologies in various interoperable layers. From it, the SRA considers four
main focus areas for analysis, namely the functional, information and communication technology (ICT),
economic and regulatory. With the scalability analysis on the one hand, the benefits of these technologies
are able to be extended as required through an assessment of their impact on the network. The replicability
analysis, on the other hand, enables the assessment of these technologies which establishes the degree of
flexibility and adaptability in a wide scope of networks both nationally and internationally. In order to
achieve this, network operators, aggregators and customers require a high-level methodology or process
for the successful implementation and continuous safe and reliable operation of the network. The
outcomes of the SRA process, in addition to the demonstration outputs, provides the foundation for the
development of a replication roadmap.
The main objective of the roadmap is to facilitate network stakeholders in the transition to achieve the
effective implementation of smart grids. The roadmap provides stakeholders with a step by step process.
Although it is acknowledged that a ‘one size fits all approach’ is not always feasible, it merely proposes a
guideline strategy for implementation based on high-level acceptance criteria. The main drivers for a
replication roadmap are to ensure seamless transition and integration of smart grid technologies to
facilitate the objectives for a low carbon and decentralised networks. Additionally, the replacement costs
of aging networks can be deferred by increasing the hosting capacities of these networks. These drivers are
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also supported by regulatory initiatives imposed by governments and statutory bodies, i.e. National
Renewable Energy Action Plans (NREAPs). Typical barriers that may affect a generic approach would be due
to a wide extent of internal and external barriers specific to the project, such as network structure
(functional) or policy-based restrictions (regulatory). Therefore, it is imperative that in each case, the
respective barriers to the successful implementation of smart grid technologies are identified and mitigated
as far as possible.
The replication roadmap compiles a wide range of information from the perspectives of all project
stakeholders and includes external project stakeholders. Collaboration between system operators, service
providers, regulators and customers has ensured that all stakeholders, along with each of their respective
objectives, are accounted for, such that a holistic approach is achieved.
Future projects and system owners, who plan to implement these smart grid technologies developed within
InteGrid, are able to benefit from this roadmap due to its practical nature. The roadmap incorporates a set
of guidelines and bests practices which are based on the outcomes of the lessons learned in order to ensure
that potential risks are mitigated and that a successful endeavour is achieved. These recommendations
ensure that all stakeholders are able to achieve a common objective in a fast, efficient and ‘easy to follow’
approach. This ensures that these projects are executed timeously and cost effectively.
More specifically, this roadmap will facilities various stakeholders such as network owners, aggregators and
flexibility owners with respect to the process required to select, plan and implement the smart grid
functions and tools that have been developed within InteGrid.
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2.2 Replication roadmap methodology
The development of the replication roadmap is imbedded within the entire project work plan structure,
especially in the case of the scalability and replicability analysis and is continuously being developed and
defined throughout the project. However, it is noted that the roadmap execution is finalised towards the
end of the project. InteGrid’s work plan structure is designed to efficiently implement the project’s
approach and to address its objectives. InteGrid is organised into ten work packages (WP) and each work
package is characterised by well-defined objectives and measurable outcomes. The project follows a fourphase approach which is outlined as follows [REF D9.7]:
•
•
•
•

Phase I: Common use cases, architecture, baseline
Phase II: Set up and integration
Phase III: Demonstration
Phase IV: Assessment

Within the aforementioned phases, the project process can be further categorised into a methodological
process used for the development of the roadmap. An overview of the entire process and the position of
the roadmap within InteGrid is shown in Figure 7.

Figure 7: Overall process and position of the roadmap within InteGrid2

The methodology followed in order to produce the replication roadmap is based on the outcomes of various
tasks conducted within each of the phases of the project. These outcomes have been collected and
2

Icons obtained from https://www.flaticon.com/
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presented in the form of deliverables developed within each of the individual WP, and thus will not be
further discussed. A high-level description of each of these phases, with respect to their generalised
purpose and relation to the InteGrid project is provided in the following subsections.

Phase I: Common use cases, architecture, baseline
Vision and objectives
The development of smart grid technologies and their implementation can only be realised if utilities define
and adopt clear visions in order to achieve their main objectives. Each utility endeavours to achieve their
unique objectives based on a wide range of system drivers. These drivers for change include: the strive to
ensure the reduction of greenhouse gases (GHG) by promoting low carbon technologies, reduction of
network losses and the reduction or deferral of network reinforcement costs. The adopted vision can be
inherently based on global strategies or alternatively based on country specific objectives. Additionally,
these objectives can be further developed as a consequence of industry developments or based on the
specific requirements of the network owner (EPRI, 2012). InteGrid’s vision is to bridge the gap between
citizens and technology or solution providers such as utilities, aggregators, manufacturers and all other
agents providing energy services, hence expanding from distribution system operators (DSOs), and access
services to active market facilitation and system optimisation services while ensuring sustainability, security
and quality of supply. Based on this vision, the project has defined two main objectives which are as follows
[REF D9.7]
1. To demonstrate distribution system operators can be market facilitators to enable different
stakeholders to actively participate in the energy market and to develop and implement new
business models, making use of new data management and consumer involvement approaches.
2. Demonstrate scalable and replicable set of integrated solutions that enables the DSOs to plan and
operate the network with a high share of distributed renewable energy sources (DRES) in a stable,
secure and economic way, using flexibility inherently offered by specific technologies and
interaction with different stakeholders.

Phase II: Set up and integration
Requirement identification and strategy
This phase is used to define and develop the relevant use case specifications. In this process it is necessary
to conduct various workshops with the relevant stakeholders in order to identify and define the respective
roles and responsibilities and interactions between them. It is also necessary to conduct a technology and
regulatory maturity assessment in order to obtain the current status of the network such that the smart
grid technology readiness level can be defined based on a technology assessment and mapping process
(EPRI, 2012). Furthermore, the identification of potential risks and their mitigation strategies are developed.
In this regard, the technical specifications of the project can be developed. The InteGrid project develops
these requirements based on the SGAM framework (CEN-CENELEC-ETSI Smart Grid Coordination Group,
2012) to ensure the adoption of common concepts enabling replication. Furthermore, in this phase the
preparation and monitoring of the demonstration activities through the use of developed KPIs is conducted.
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Phase III: Demonstration
Planning and implementation
This phase incorporates the development of various implementation strategies in order to realise the
incorporation of smart grid technologies within the electrical network based on the project’s architectures.
In this regard, the smooth transition between vision and deployment is facilitated through the
implementation within real demo networks. The InteGrid project demonstration networks consist of the
Portuguese Demo (WP3), Slovenian Demo (WP4) and Swedish Demo (WP5).

Phase IV: Assessment
The assessment phase incorporates the assessment of the smart grid technologies through the use of
various KPIs which were established within the project. Included in the assessment phase, the following
process are discussed:
Scalability and replicability analysis
As discussed previously, the main objective of the SRA is to quantify the impact of the future scenarios of
the developed smart grid functions. The SRA was conducted within WP8 based on a clustering process
according to the implementation of the respective smart grid technologies within each of the demos. The
SRA was divided into four main focus areas (Functional, ICT, Economic and Regulatory) mapped to the
SGAM process used to define the demos concepts. Further discussion regarding the implementation of the
SRA and clustering process is provided in the subsequent sections, while a more detailed discussion of the
respective SRAs can be found in [REF D8.1] and [REF D8.2].
Lessons learned
The lessons learned gather the outcomes mainly from SRA as it explores its replication but also future
impact and performance. Additionally, the lessons learned from demo implementations is also included. In
this section, the project highlights based on perspectives of each stakeholder is reflected in order to identify
the successes and minimum requirement necessary to facilitate the implementation of the smart grid
technologies.
Identification of best practices
This section identifies the best practices based on various international smart grid projects and established
documentation that has been adopted within the industry. Furthermore, InteGrid specific best practices
and recommendations are presented based on the four focus areas considered. The best practices are
consolidated based on various categories within the project and which allow future stakeholders to become
familiar with successful approaches for the implementation of smart grid technologies. Furthermore, the
outcomes incorporate the feedback gathered from two external stakeholder consultation meetings3
conducted within a webinar-based environment due to the COVID-19 pandemic. These stakeholder
consultation meetings aimed to present the conducted work under the SRA for context and process
awareness but also present and discuss the best practices identified. These two stakeholder consultations
are likewise used to present the replication paths and roadmap. The feedback attained from the
3

It is considered that external be any stakeholder which does not participate in a direct manner in the project.
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consultation meetings conducted through various questionnaires is consolidated within this document’s
Annexes.
Roadmap
The replication roadmap is the final outcome from the entire process developed under the SRA. In this
section, a process flow (replication paths), which combines the lessons learned, best identified practices
and stakeholder inputs gathered over the previously mentioned webinars, aims to facilitate the deployment
of such technologies based on a checklist. This checklist ensures that the minimum requirements are
established and fulfilled in order to evaluate the success for of the replication process. The process is
initiated from the point of identification of the need to replicate a specific cluster (integrated solutions)
based on each of the respective SRA focus areas, which are later described. The four respective focus areas
are interconnected based on the respective interdependencies between them and should be considered,
in order to provide a holistic replication roadmap.

In summary, this deliverable aims to consolidate this methodology into a concise and coherent manner. By
utilising the project’s planning, implementation and execution phases as the foundation for the replicability
path, a three-pillar concept, consisting of the lessons learned, identification of the best practices and
development of the roadmap, is depicted. This can be used to further demonstrate the position of this
deliverable within the scope of the InteGrid project. A representation of this 3-pillar concept is shown in
Figure 8.

Figure 8: Three pillar concept
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2.3 Overview of the scalability and replicability
analysis
In the case of InteGrid, scalability refers to the ability of a system, network or process to increase its
size/scope/range to adequately meet a growth in demand. On the other hand, replicability denotes the
capability of a system for being duplicated within another network, location or time. In order to deploy a
solution such as those proposed in the InteGrid project, the scalability and replicability analysis must be
guaranteed from the perspectives of four main focus areas, this includes the functional, information and
communications technology (ICT), economic and regulatory domains. Each of the analysis areas provides
individual SRA analysis based on each of their respective objectives and methodologies. An overview of the
focus areas for InteGrid’s SRA is provided in Figure 9.

Figure 9: Overview of the scalability and replicability analysis focus areas

Since InteGrid is using the SGAM approach, these focus areas align the SRA methodology to the five
interoperability layers of the SGAM (i.e. Business, Functional, Information, Communication and Component
layers) and therefore makes a complete system analysis possible. A mapping of the SRA focus areas and
how they relate to the SGAM methodology is shown in Figure 10. This enables each stakeholder to have a
common reference point and develop methodologies which can be replicated along the different
architectures and locations considered for the SRA. In addition, it assists the data acquisition and the data
exchange internally since a common framework is used.
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Economic and regulatory SRA

Business Layer
Functional SRA
Function Layer

Interoperability
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Information and
communication technologies
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Generation
Transmission
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Field
DER

Customer
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Zones

Process

Figure 10: Mapping of the SRA methodology with respect to the SGAM diagram (CEN-CENELEC-ETSI Smart Grid
Coordination Group, 2012)

The overall SRA process adopted within the InteGrid project is based on a six-step process. Initially, the
network data and inputs required for each of the focus areas are collected. In this regard, the extent of data
availability and accessibility is identified. In cases where the data availability is limited, solutions based on
generic generated data or alternative representative data is identified. It is noted that the structure of the
InteGrid project is based on a set of high-level use cases (HLUC) within which a wide set of smart grid
functions and their applications are to be investigated. Therefore, a pre-evaluation process is performed in
order to filter the requirements and identify the most relevant HLUC to be assessed based on the various
areas of analysis. The definition of various scenarios to be investigated are then developed based on the
main factors identified in the pre-evaluation phase by quantifying these factors with a reduced set of
significant alternatives and by indicating precisely the KPIs to be considered within the analysis. In order to
provide real context to the SRA, these HLUCs were grouped into various clusters based on the interaction
between them. A more detailed description of this clustering process is discussed in subsequent sections.
The execution of the SRA is then conducted, and the results and conclusions are obtained. The overall
methodology for InteGrid with respect to the SRA is shown in Figure 11.

Figure 11: Overview of the SRA process for InteGrid
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2.3.1

Functional SRA

The functional SRA is focused on providing an overview based on the functional layer of the SGAM diagram.
Thus, from the components and devices, their control technologies are extracted. The objective of the
functional oriented SRA aims to investigate the impact of these technologies when they are implemented
on a larger scale (e.g. via increased penetration) or alternatively under different network conditions (e.g.
urban vs rural or seasonal behaviour). Furthermore, this functional SRA takes into consideration the tools
developed within the InteGrid projects and investigates their functionally based on a wider network scope
allowing the analysis to extend beyond the ‘proof of concept phase’. The main challenge of the
functionality-oriented SRA within InteGrid is related to the complexity of the solutions involved. The smart
grid solutions developed, deployed and demonstrated are state-of-the-art solutions which are the results
of many years of research. Some of them involve both network operation and market aspects. The SRA
conducted ensured that these efforts were well reflected within the project and the decision to preserve
the complexity of the solutions was made in order to fully capture their potential and to identify the
parameters impacting their scalability and replicability. The SRA process for the functional analysis was
based on a systematic approach and is shown in Figure 12.

Figure 12: Functional SRA methodology 4

Initially, all the necessary input data, such as the network model, load and generation profiles and weather
data were collected. In cases where, due to privacy concerns, profile data was not available, it was
necessary to use generic profiles obtained from alternatives sources. Once the data was obtained, the preevaluation and scenario development was conducted in order to identify how the network conditions can
be ‘stressed’ in order to test the capability of the tools developed. Thereafter, the SRA simulations were
performed and the results were analysed through the evaluation of KPIs in order to observe the impact on
the network before and after the smart grid tools were implemented. Lastly, conclusions were made based
on the findings of each scenario.

4

Image adapted from https://powerpointschool.com/
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2.3.2

ICT SRA

The ICT SRA is focused on providing an overview based on the component, information and communication
interoperability layers of the SGAM diagram. They are a simple but efficient representation of the network
architecture used in the system to interconnect all the different components in order to enable the Smart
Grid. The aim of the ICT oriented SRA is to assess the technical and technological choices made upon the
potential large scale roll out of the solution and observe whether these technologies will still perform as
desired or whether bottlenecks would appear. Hence, in order to study the ICT, it is necessary to provide
this focus area with a context. This is done through the real architectures used in the demos when
implementing the set of solutions. The pre-evaluation in this particular case, helped identify which
architectures can be analysed based on the technologies and the synergies with the functional area, based
on those new functions implemented. Thus, the ICT SRA developed a two-way methodology, where on the
one hand the scalability is analysed in a two-step methodology and the replicability is based on investigating
alternative methods, such as to how successfully these devices communicate or how they are to be
upgraded if necessary.
With regard to the two-step scalability methodology developed, the first step is based on a qualitative
system architecture analysis through its components (devices) and links (how devices are connected to each
other). The second step is focused on a quantitative analysis on the necessary links to ensure their proper
performance in future scenarios. This particular methodology is depicted in Figure 13 as a small process
flow.

Figure 13: ICT scalability methodology

With regard to the replicability methodology, it takes as a foundation the entire analysis provided by the
scalability analysis. Hence, it is based on the characterization and assessment of the components and links
which compose each of the architectures, alternatives are proposed for components and for links, through
dedicated protocols. These alternatives are then compared among the existing technological choices in
order to provide different possibilities in the replication path for those stakeholders interested in the
replication of these set of solutions.
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2.3.3

Economic SRA

Economics play a key role in determining whether a given project will be replicated or scaled up. The aim
of the economic SRA is to provide the feasibility and vitality of the set of solutions integrated. Within the
same country (intranational replicability analysis), there may be changes to certain context variables that
not only affect the technical feasibility, but also the economic. For example, when a HLUC is moved from
an urban area to a rural one, it will for sure encounter different electrical characteristics. A voltage control
solution developed for resistive networks (rural), where more voltage violations are susceptible of arising,
can have a less significant added value than in inductive networks (urban). In the latter case, the benefits
may not be enough to justify its deployment in all distribution networks within a country. Concerning a
scalability point of view, even if InteGrid tools can handle the current amount of distributed energy
resources (DER), it is interesting to determine from an economic perspective what will happen if the
quantity of DER is scaled-up significantly in density as a future energy option towards decarbonization or if
the solution is deployed in another network area with a high penetration of DER.
Another important aspect is the potential existence of economies of scale, being pertinent to estimate the
economic impact of deploying InteGrid solutions to a broader level. If the marginal costs of the cluster
decreases as the implementation area of the solution increases, then the project is well positioned to be
scalable in size. This is the case of most InteGrid technologies under analysis as they can handle an
increasing number of clients without much increase in cost. With respect to the international replicability,
it is relevant to assess how changes in macroeconomic variables from country to country affect the
economic interest of the project. Different geographies and contexts will determine different impacts on
benefits quantification. Furthermore, there is also the need to confirm if the business model holds
interesting within the regulatory context of different countries.
With such considerations, the economic SRA addresses not only the technical but also the country-specific
macroeconomic and regulatory conditions of Portugal and Slovenia. The methodology is oriented towards
a cost-benefit analysis, based on strategic scenarios developed within each cluster, namely looking at the
Net Present Value (NPV) and the Internal Rate of Return (IRR), to conclude on the economic worthiness of
the scale increase and replication. It is necessary to remark that a cluster of solutions is only scalable if the
NPV is equal or greater than before scaling and it is considered as replicable if its application in another
region/country leads to a positive NPV. Since different stakeholders could profit from the project’s
implementation, a distribution of the costs and benefits, which were previously recognised and quantified,
has also been made. Therefore, the NPV has been calculated for each beneficiary and from an overall
perspective. The total cost/benefit is the sum of the costs/benefits to all actors. In addition, two other types
of analysis have been considered for completion and to account for the uncertainty introduced by the input
macroeconomic variables: sensitivity analysis and Monte Carlo simulation. The first with the objective of
exploring the results’ robustness to the variation of these parameters, while the second provides a
measurement of the deployment risk when needed. An overview of the economic SRA methodology is
provided in Figure 14.
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Figure 14: Economic SRA methodology

2.3.4

Regulatory replicability

Regulation is also a key component in defining whether a certain solution can be implemented in different
countries. Therefore, in what follows, the process used in the InteGrid project for assessing the replicability
of the different clusters in ten different European countries5 is described. One may notice that the reference
is made only to regulatory replicability, and not regulatory scalability. In fact, regulation seems to play a
more significant role in the potential replicability of functionalities and solutions. Once regulation provides
the necessary conditions, scalability will be determined by the other domains of the SRA (e.g. functional,
ICT and economic).
In order to assess the compatibility of the four InteGrid’s clusters with regard to the national regulatory
frameworks in the ten countries, a list of potential regulatory barriers to replicability was identified. Based
on this list, key guiding questions were elaborated for each topic and for each cluster. Finally, the answers
to these questions in each country could lead to the conclusion on how compatible each cluster is within
each country. This process, however, is not always straightforward and attention to the methodological
aspects is necessary. Firstly, answering the guiding questions in a way that countries are comparable is not
always a simple task. Secondly, regulatory frameworks are in constant adaptation, especially in the
European context, where many European (EU) regulations are currently being implemented at the national
level (e.g. the Network Codes and Guidelines, the Clean Energy Package). Therefore, it is important to
consider not only the current national regulatory framework but also the foreseeable changes coming from
European regulation and national initiatives (e.g. national pilots/sandboxes, public consultations).
Finally, it is important to notice that the regulatory replicability has an important role in informing other
components of the SRA, specially the economic SRA. Several aspects defined in regulation will have an
important effect on the economic results of the different clusters and therefore this interdependence
between the economic and the regulatory SRAs should be observed.
An overview of the regulatory replicability process is provided in Figure 15.

5

Portugal, Slovenia, Sweden, Austria, Spain, Belgium, France, Germany, Great Britain, and Italy.
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Figure 15: Regulatory replicability methodology

2.4 Overview of the clustering process
To understand the entire process followed in the SRA executed in InteGrid, it is necessary to briefly provide
an overview of the project’s structure which led into the set of clusters used in the SRA according to the
results of the pre-evaluation. As previously mentioned, InteGrid is internally structured according to a
number of high-level use cases (HLUC) which collects all the innovations which are then integrated and
demonstrated within the project along the demonstrations in Portugal, Slovenia and Sweden. Figure 16
presents all the HLUC grouped according to common identified concepts. A full description of these groups
is provided in [REF D1.2].
Grid
Operations

Grid
&
Market Hub

Grid Users

Energy
services

HLUC01
Operational planning (from hours to
week-ahead) of MV distribution
network to pre-book available flexibility
HLUC05
Manage the impact of flexibility
activation from resources connected to
the distribution network

HLUC02
Distributed monitoring and control
of LV network using available
flexibilities
HLUC06
Provide data management and
exchange between DSO and
stakeholders

HLUC08
Manage internal processes flexibility to minimize
energy costs according to market-driven
mechanisms and system operators requests

HLUC10
Aggregate and communicate multiperiod behind-the-meter flexibility
from LV and MV consumers

HLUC03
Perform health diagnostics and
preventive maintenance planning
of distribution network assets

HLUC04
Define optimal repair actions for unplanned
outages based on sensor data, historical
information and remote equipment diagnostics

HLUC07
Procure and manage regulated
flexibilities from DER to optimize
operation and costs

HLUC09
Home Energy Management

HLUC11
Engage Consumers in
Demand Side
Management Programs

HLUC12
Aggregate geographically distributed third-party
(multi-client) resources to offer ancillary services
to TSO (frequency) and DSO (non-frequency)

Figure 16: High level use cases in InteGrid

Furthermore, these HLUC have numerous interdependencies and interactions between each other. An
overall simplification of their visualisation interaction with the main tools is offered in Figure 17. One
particular HLUC to highlight is the grid and market hub (gm-hub), which is the dedicated information
exchange platform used in InteGrid to offer interconnection to different actors (DSO, aggregators, service
providers) and enable a secure and transparent exchange of information.
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HLUC03
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Predictive maintenance
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WWT Plant
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Figure 17: Interaction between the high-level use cases in InteGrid

Based on the pre-evaluation process within the SRA methodology, it was identified that not all HLUC could
be adequately analysed due to lack of scope and/or complexity. The selection of HLUC is aligned with the
scope of the SRA, presented in Table 1, shows the respective focus areas which were considered.

Table 1: Focus areas considered for the SRA of the HLUC

HLUC ID

Focus areas considered for the SRA

HLUC01
HLUC02
HLUC03
HLUC04
HLUC05
HLUC06
HLUC07
HLUC08
HLUC09
HLUC10
HLUC11
HLUC12

Functional, ICT, Economic, Regulatory
Functional, ICT, Economic, Regulatory
Functional, ICT, Economic, Regulatory
ICT, Economic, Regulatory
Functional, Economic, Regulatory
Functional, ICT, Economic, Regulatory
Functional, Economic, Regulatory
Functional
Functional, ICT, Economic, Regulatory

Based on the interaction between the HLUCs, previously exposed in Figure 17, in addition to the preevaluation results, a total of five clusters are identified for the SRA created. Four clusters can be identified
and one additional cluster, which is a non-cluster aggregation of HLUC. The group of non-clustered HLUC

InteGrid

GA 731218

30 | 113

D8.3 - Replication Roadmap

acts as enablers in the demonstrators however are not included in the SRA, with the caveat of HLUC11,
which is indeed included in the functional oriented area. These clusters are represented in Figure 18.

Figure 18: Clusters of the HLUC for the SRA

A more detailed description of each of the clusters, along with an overview of the respective tools and
functions is provided in the subsequent sections.

2.4.1
Cluster 01: Flexibility management for optimized
MV network operation
Cluster 01 is comprised of HLUC01, HLUC06 and HLUC12. This cluster incorporates the integration of a
technical Virtual Power Plant (tVPP) which is used to provide the flexibility allocations from loads and
renewable energy resources (RES) for the short-term management of the distribution network at the
medium voltage (MV) level in order to solve network constraints (thermal or voltage based), or alternatively
to provide optimised network operation (reduction of network losses). Other smart grid functions used in
this cluster include the Medium Voltage Load Allocator (MVLA) and the Multi-Period Power Flow (MPOPF).
An overview of the smart grid function, along with their respective inputs and outputs are summarised in
Figure 19 [REF D8.1].
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Figure 19: Overview of the smart grid functions used in cluster 01

2.4.2
Cluster 02: Flexibility management for optimized
LV network operation
Cluster 02 comprises of HLUC02, HLUC06 and HLUC09 and considers the operation of the Low Voltage (LV)
distribution network. The flexibility is achieved through the provision of the Home Energy Management
Systems (HEMS) located at the customer premise. In this cluster, the DSO can book and activate these
flexibilities directly, without the use of an intermediate actor such as an aggregator. The use of the Low
Voltage State Estimator (LVSE) and Low Voltage Controller (LVC) is also explored as part of the tool chain.
The smart grid functions acquired for this cluster are provided in Figure 20 [REF D8.1].

HLUC09
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secondary (MV/LV)
substation
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Figure 20: Overview of the smart grid functions used in cluster 02
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2.4.3

Cluster 03: Large customer cVPP

Cluster 03 embodies the HLUC05, HLUC06, HLUC086 and HLUC12. In this cluster, the use of flexibilities
provided by Medium Voltage (MV) industrial customers (e.g. wastewater treatment plant) are used to
facilitate balancing services such as Manual Frequency Regulation Reserve (mFRR) to the TSO through an
independent commercial aggregator known as the commercial Virtual Power Plant (cVPP). The activation
of these flexibilities may potentially lead to the violation of technical operational limits. To overcome this,
the validation of flexibility offers, through the use of the Traffic Light System (TLS)7 is conducted. An
overview of the smart grid functions used within this cluster is shown in Figure 21 [REF D8.1].
HLUC12

DER schedules
DER measurements

Waste Water
Treatment Plant

Commercial Virtual
Power Plant (cVPP)

HLUC08

TSO
simulator

Flexibility bids
Activated bids
Evaluation results

MV Load and RES
forecasting

Load/Gen
Forecast

Historical data (load, generation)
Weather forecasts

Traffic Light System (TLS)

Network model
HLUC05

Figure 21: Overview of the smart grid functions used in cluster 03

6

It is not included within the ICT analysis, since the communication system follows the same principal as other
flexibilities which area already considered within the architecture.
7
The TLS is a flexibility validation system used by the DSO to ensure flexibilities used in its network which are used for
other third parties than the DSO, does not cause violations in the network. Further information can be found in D2.6,
D4.3 and D8.1.
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2.4.4

Cluster 04: Building aggregation

Cluster 04 consists of HLUC6 and HLUC10. In this cluster, the flexibility from commercial buildings equipped
with flexible chilling systems are aggregated by a retailer in order to reduce the internal balancing cost of
the portfolio or to sell it within the Automatic Frequency Regulation Reserve (aFRR) market. In this cluster
the optimisation of the use of these commercial buildings is considered. Given that the ICT architecture of
cluster 04 does not foresee significant challenges, it is discarded from the analysis. From the economic and
regulatory perspective, both HLUC are considered.

HLUC10

•
•
•
•
•
•
•

Power
Ambient temperature
Relative humidity
Wind speed
Wind direction
Weekday
Hour

Input parameters

Building model
Building indoor temperature
(21-23  C)

Optimisation function

gm-Hub
Power
(Max, Min, Available flexibility)

HLUC06

Figure 22: Overview of the smart grid functions used in cluster 04
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2.4.5

Non-clustered

The remaining of the HLUCs are analysed individually based on the information obtained from the
respective on-site demo experiences (HLUC03, HLUC04, and HLUC07) or alternatively based on a qualitative
analysis (HLUC11).
HLUC03 considers the health diagnostics and preventive maintenance planning of distribution network
assets developed by SAP for ELLEVIO. The use case is based on using data analytics in order to improve the
reliability of the distribution grid and reduce the overall maintenance costs. Data is non-intrusively collected
by the DSO via an advanced metering infrastructure (AMI) in order to evaluate the health diagnostics of the
secondary substation transformer. In this regard, the DSO is able to create an asset management plan until
the end of life of the equipment.
HLUC04 is related to repair actions of unplanned outages using sensor data, historical information and
remote equipment diagnostics. The HLUC focuses on the reduction of the restoration time of unplanned
outages based on the combination of a fault detection function (‘Locate MV Fault’) and Work Force
Management (WFM) process which aims at the maximising the performance KPIs of the organisation.
In the case of HLUC07, the use case aims to provide a pre-qualification process which can be used by the
DSO when assessing potential flexibility providers and operators. These flexibility providers are used to
solve potential constraints within the network which can be activated by the DSO once they have been prebooked as per previously contracted. The business objectives are linked to HLUC10, since the main objective
is to offer the flexibility.
HLUC11 aims to provide an introspect into the engagement of customers which participate in demand side
management (DSM) programs located at the residential level. This is achieved through the implementation
of feedback-based intervention strategies where the objective is to investigate how the influence of
residential attitude, interactions and behaviours affect the overall energy consumption within a network.
Due to the increase in penetration of flexible devices within modern households, the increase in demand
flexibility with respect to customers receiving different types of demand side incentive signals i.e. price and
environmental signals is also explored. The main objective of incorporating these customer engagement
programs aims to reduce the overall electricity consumption through the use of these techniques. Although
this HLUC was not included in the clustering process, it was included in the scope of the functional SRA and
analysed independently.
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3 Lessons learned
This section identifies the lessons learned based on the outcomes of the SRA conducted within each cluster
and is based on each of the focus areas (functional, ICT, regulatory, economic). Additionally, the lessons
learned from HLUC which do not form part of the clustering process are also included. In this regard, the
lessons learned are based on the outcomes of the demonstrations.

3.1 Cluster 01: Flexibility management for optimized
MV network operation
This section provides an overview of the lessons learned based on the outcomes of the respective scalability
and replicability analyses for cluster 01. For completeness an overview of the tools, function and respective
stakeholders are provided in Table 2.

Table 2: Summary of tools, functionalities and actors used in cluster 01

Tools
DSO resources
Flexibilities
Actors/Enablers

MV Load and RES forecast system, MVLA, MPOPF
On load tap changer (OLTC), Capacitor banks
Wind parks, EV, energy consumers, cogeneration sources
DSO, tVPP, gm-hub

Based on the interactions of the aforenoted tools, functions and actors, the lessons learned for each of the
focus areas are obtained and discussed in the subsequent section.

3.1.1

Functional SRA

Various scalability and replicability scenarios were simulated for cluster 01 based on the demonstration
networks of Portugal and Slovenia [REF D8.1]. For various scenarios in which the quantity of RES, the size
of the network and the use of various flexibilities has been modified, different control strategies have been
applied to evaluate the ability of the MPOPF and the tVPP to support grid operation. Additionally, the
impact of historical data availability on the forecasting and specific scenarios for testing the MVLA have also
been evaluated. A description of the conducted scenarios for the functional analysis is provided in Table 3
[REF D8.1].
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Table 3: Summary of functional SRA scenarios analysed for cluster 01

Scenario

Variation

Baseline Portugal
Branch overload

Baseline – No variation considered
RES connected to create overloading. Different control
actions are tested (Energy storage systems (ESS); tVPP)
RES connected to create overvoltage. Different control
actions are tested (Q(u) control; OLTC; tVPP)
DC fast charging stations and MV client connected to create
undervoltage. The tVPP flexibility from AdTA is exploited.
Baseline – No variation considered8
RES connected to create overloading and overvoltage. Tests
considering load and RES growth are also assessed.
Size of the network is increased
Historical data for 1, 3 and 12 months
Historical data for primary substations transformers only
Different scenarios to evaluate the MVLA accuracy

Overvoltage
Undervoltage
Baseline Slovenia
Increased RES
Network size increase
Limited historical data available
Limited measurements available
Accuracy of the MVLA

Network

PT demo

SI demo

No network violations
In the case where the network is considered to be stable and that no network violations exist, the MPOPF
does not provide any control action since the flexibility activation is not required. In this case however, the
MPOPF can be used to support in defining a strategy to minimise the network losses. This was achieved in
two cases: through the operation of the OLTC and through the increase of active power injection from local
generation.

Network violations due to increased RES, EV and load growth
Due to the increased injection of RES, network overloading becomes a cause for concern. However, it was
shown that through the use of the MPOPF, these violations can be mitigated. This was achieved through
the activations of flexibilities offered by the tVPP and the use of storage devices. In the case of flexibility
activation, the MPOPF was able to achieve this objective while adhering to the minimization of flexibility
activation costs. Although the MPOPF can successfully activate flexibilities in order to avoid network over
loading, it should be noted that this is not always the case. In Slovenia, for example, a maximum of 130%
overloading was achieved and thereafter, the network, even with the use of the MPOPF, could no longer
support further RES injection. This is not an MPOPF fault rather than a technical limitation from the
network. In this case, the hosting capacity of the network needs to be determined. On the other hand, the
implementation of a battery storage system showed that network overload can be avoided as the excess
renewable energy injection can be used to charge the battery. In this regard, the MPOPF was able to control
the state of charge (SoC) of the battery system such that network overloading was eliminated while
simultaneously considering the technical limitations of the battery. This means that the MPOPF considers
an optimised battery discharge solution which allows the battery capacity to be reduced in order to
accommodate future charging requirements when there is increased RES injection. The MPOPF only
8

The grid itself contained one minor undervoltage. In order to get a free undervoltage baseline grid, a flexible source
was added.
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implements the discharge function at a time when the network is able to accommodate the increased
injection.
The mitigation of overvoltage violations was achieved through the implementation of reactive power
support, transformer tap changing action or activations from energy consumers as set by the MPOPF. A
manipulation of the flexibility costs would easily lead to different participation of each RES in solving the
overvoltage problem since the MPOPF carries a cost optimization. Additionally, the OLTC can be used to
successfully mitigate overvoltage violations. Since no costs are associated with tap change activations, this
solution may be favourable, however, it should be noted that it is considered as best practice to limit the
number of OLTC operations. The exploitation of flexibilities can also be used to mitigate overvoltage
violations successfully. However, in this case, not only the amount of flexibility available but also the
location of these flexibilities is vital for its success. Thus, it is of utmost importance for the network operator
to understand which flexibilities should be used in order to maximize the flexibility potential. The MPOPF,
therefore, can provide a significant contribution and support the process to define which flexibility to
operate by defining the proper flexibility activation actions.
The MPOPF can be used to activate existing flexibilities during undervoltage conditions within the network
in order to ensure that stable profiles within limits are achieved. The reduction of load consumption is thus
required in this regard and was proven to be successful by exploiting the flexibility of an industrial customer.
In the case of insufficient flexibilities within the network, this would not be achievable without resorting to
load shedding which is successfully achieved through the MPOPF. Therefore, DSOs need to ensure that
there is sufficient flexibility available which can be activated by the MPOPF to successfully mitigate
undervoltage violations. As in the case of the overvoltage, the location of these flexibilities is also of
importance and it is recommended that the loads are connected directly to the bus where the undervoltage
problem occurs. DSOs should collaborate with large industrial customers and/or flexibilities owners in order
to leverage their ability to provide support to ensure overall network stability. Undervoltage conditions can
also be mitigated through the activation of capacitor banks installed on the MV network or through the use
of the OLTC.

Increase in network size
The impact of the increase in network size on the computational time of the MPOPF and forecasting
algorithms was also investigated. A linear relationship exists between the two variables (network size Vs
computation time). The computational time for the MPOPF is comparable with those of the requirements
of daily network operation and are competitive when comparing with other OPF state of the art
approaches.

Data availability
Based on the scenarios performed, it was shown that the impact of limited data is to decrease the accuracy
of the active power forecast. This is in turn, led to a predictive plan with lower accuracy. Additional flexible
resources were activated, which in reality were not necessary to solve the technical problems, since the
MPOPF predicts an overvoltage conditions, which would not actualise if sufficient data was provided.
Therefore, the success of the MPOPF control-actions with respect to network violations is diminished when
historical data is limited.
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In the case when there is limited availability of measurements, no secondary substation measurements
were investigated. Undervoltage conditions were successfully resolved by the flexibility activation provided
by the tVPP. In contrast, the overvoltage condition was not. This is due to the increased perceived severity
of the overvoltage condition based on the limit data. Hence, the lack of observability of the MV network
results in inaccurate network optimisation.
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Table 4: Table summarising the functional lessons learned for cluster 01

Scenario

Tools

Network
overload due
to increased
RES injection

Activates flexibilities
from tVPP

Overvoltage/
undervoltage
violations
due to
increased RES
injection

•
•

Considers cost function in order provide an optimised solution
Even with the MPOPF implemented, networks are still limited to a maximum threshold of RES injection which can be
accommodated. This threshold can vary depending on the availability of flexibilities.

Activation of ESS to
charge/discharge

•
•

Charging of storage systems can successfully be used to accommodate increase RES
MPOPF considers the current state of the network before allowing discharge actions (network protection)

Activates RES reactive
power control

•
•

Successfully mitigates overvoltage problems
Currently implemented by DSOs

OLTC operation

•
•

Solves most of the network overvoltage/undervoltage problems (not solved when facing a severe problem)
Currently implemented by DSOs

•
•
•
•

Successfully mitigates overvoltage/undervoltage problems
Over voltages can be an indicator for which feeder additional flexibility is required
Location of the flexibilities is vital for success. Flexibilities located directly to the bus problem can help
DSOs should collaborate with large industrial customers and/or flexibilities owners in order to leverage their ability
to provide support to ensure overall network stability.

•

Successfully mitigates undervoltage problems

•
•
•

A linear relationship exists between the two variables (network size Vs computation time)
Computational times for the MPOPF are comparable with those of the requirements of daily network operation
Computation times are competitive when comparing with other OPF state of the art approaches.

•
•

Insufficient historical data availability leads to inaccurate forecasting and hence unnecessary activation of flexibilities
Lack of observability of the MV network results in an unreliable network state estimation which consequently results
in inaccurate network optimisation

Exploitation of
flexibility from energy
consumers
Capacitor bank
activation

Increase in
network size

Computation time

Data
availability

Accuracy
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3.1.2

ICT SRA

From this cluster, in terms of the ICT analysis, the qualitative and quantitative analysis has proven to
have no major issues when addressing the scalability or replicability analysis.
With regards to the scalability of the system, from a quantitative perspective, the architecture shows
that if new devices are added into the system, no scaling problems will arise if the current
specifications or similar are used. These specifications can be found in [REF D3.1, D4.1 & D5.1].
Nonetheless, it is recommended to pay attention to certain points in the architecture. However, some
minor remarks need to be addressed.
Internal data storage found in devices will play an important role in the implementation of ICT systems
within the network. Therefore, the correct dimensioning of internal storage has been identified as a
key aspect. This will impact future field devices, such as smart meters and control devices, for steering
flexibilities, which have to consider a proper internal storage size as it is expected to increase in the
upcoming years. This is due to the shift towards the use of flexibilities and the current functionalities
provided, which consider not only day-ahead operation but also real time (RT) operation. However,
storage can also be considered a driver and opens the possibility for new concepts such as the use of
the smart meter (SM) as a decentralized redundant database for the DSO and/or as a potential source
for external metering platforms
Another aspect to consider is that the main interconnection networks points, remote terminal units
(RTUs), tend to be overloaded with functions and operations which they perform. In other words, they
are running many different services at the same time, which can provoke a system malfunction which
are difficult to track once the system is running, as there are many points in the network to consider.
Hence, the scheduling of tasks and functions to be used in these devices needs to be clarified and
checked to be kept to essential services with no clash between them.
As the system increases in size, it might be that different equipment manufacturers are included in
the system and the devices have to work together. In order to achieve a proper performance,
interoperability, as a key concept, has to be assured. Additionally, with a system increase in the
number of components automatization systems assist the scaling process. This is especially important
for the DSO and the tVPP since they need to have fast actions when including new devices into the
network and are integrated into their systems (i.e. control rooms), without causing any problems
when the configuration is managed. These configuration problems are usually associated with an
increment in the measures for cybersecurity. This topic has been highlighted through the analysis as
one of the key fields which will have a great impact into large scale systems, as each new device which
is either connected to the DSO or the VPP, can be considered an attacking vector (source for accessing
the internal networks). However, the key part is to guarantee the cybersecurity at the substation level,
where it is recommended that not only physical security is enforced but also protocols are used based
on the triple A9 concept. Additionally, through the analysis, it has been found that the compromise
between the complexity of the protocol versus their implementation can still be positive if the right
protocols are used.

9

Authentication, Authorization and Accounting.
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From a quantitate perspective, stress simulations based on a set of scenarios which have been
considered in the architecture in Portugal were performed. Table 5 shows the scenarios considered
for the quantitative stress simulations.
Table 5: Scenarios considers for the ICT quantitative simulations in cluster 01

Scenario ID
A

B

C

Variation

Network

The communication layer stack in this scenario is set to IEC 60870 5- Portuguese
104 messages being transmitted over TCP/IP/Ethernet in a 1-to-1 simplified
basis.
topology
The communication layer stack in this scenario is set to HTTP Portuguese
messages being transmitted over TLS/TCP/IP/Ethernet also in a 1-to- simplified
1 basis.
topology
Portuguese
The communication layer stack in this scenario is set to IEC 60870 5simplified
104 messages being transmitted over TCP/IP and xDSL or GPRS.
topology

It is clear that point to point (P2P) links (connection between devices) will always present no scalability
issues since they have a dedicated medium. It is here where the associated costs of such links have to
be considered by the DSO and the VPP as to whether the solution will be economically viable. Another
aspect to consider is that the use of generic application protocols for the communication
infrastructure lead to a worse performance, which can make the difference performance wise in a
large-scale system. However, it might come with associated hardware as certain protocols require so.
This idea becomes extremely important for application-specific protocols as the functionally of the
system requires real time (RT), since there is a steering of flexibility from the VPP to activate the DSO
needs. It is in this case where the stack of communication protocols selected can improve the system
and guarantee its scalability. The combination of non-connection-oriented protocols (such as UDP)
with application-specific and light-weight lower layer protocols is key for performance.
However, protocols are also affected by the type of technology chosen for communication. Through
the analysis, different technologies were analysed within cluster 01 and showed that legacy
technologies such as GSM and GPRS do work, but new ones shall start being deployed as the
architecture moves to real time operation and longevity is not guaranteed with legacy technologies.
From the replicability point of view, the type of architecture shows that it is flexible and when
deployed in a different context, the key links which need to be established have several alternatives
to consider if the ones used in this particular cluster does not fit the replicable location legacy
architecture or other requirements are needed to be satisfied. Anew, the interoperability concept
arises since the ownership of devices might change as the architecture is replicated in different
countries.
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3.1.3

Economic SRA

With respect to the international replicability, the functionality-oriented SRA scope included
simulations on the Slovenian and Portuguese demonstrators. Nevertheless, not all scenarios
considered in the functional SRA apply to the economic analysis. Those reproducing the current
conditions of the demos and with higher levels of DER penetration (scalability in density) have been
selected while exploiting different controllable resources as a matter of intranational replicability.
The economic SRA also investigates the potential impact on the cluster’s profitability based on a largescale deployment, departing from the results at the demo scale and considering the size of the MV
networks of both DSOs. For further details, please consult [REF D8.2]. A brief description of these
scenarios is provided in Table 6.
Table 6: Scenarios analysed for cluster 01 in the economic SRA scope.

Scenario ID

Scenario 1

Scenario 2

Scenario 3

Scenario 1

Scenario 2

InteGrid

Description

Network

Baseline – Current network state
Different controllable resources were used individually to
solve an existing undervoltage in network 3 constraint,
namely active flexibility from the technical VPP, OLTC
transformers and capacitor banks.
Due to a modest RES installed capacity in the Slovenian demo,
two PV generation groups were introduced in different
feeders to challenge the MV managements tools in networks
1 and 2.
The OLTC transformers and the active flexibility of the
technical VPP were used individually to solve the new
overvoltage issues.
Increase the installed power of the RES introduced in the
Scenario #2 in 30% while the flexibility resources keep the
same size.
A combination of tap changer and active flexibility from the
technical VPP dealt with the different problems (overvoltage
occurrences and line congestions).
Baseline – Current network state
Different controllable resources were used individually to
minimize the active power losses: active flexibility from the
technical VPP and OLTC transformers.
Increase DER penetration into three different feeders (wind
farms, EV charging stations and a new MV consumer).
A combination of different resources had been used to
overcome the several technical problems which appeared at
the same hours of the day: active flexibility operated by the
technical VPP and the OLTC transformers dealt with the
overvoltage events.
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The results of the previous scenarios across the two countries allowed for the conclusion that the
economic interest and potential to scale up of cluster 01 is highly dependent on the network
characteristics, particularly, the networks must be stressed by the integration of considerable amounts
of renewable energy. It was observed that smaller scale applications in stressed networks, which are
not interesting from an economic perspective, can become interesting once they are scaled up.
Therefore, increasing the scale can be a condition for economic feasibility. In non-stressed networks,
with moderate renewable generation penetration, one can even encounter situations where there are
no technical issues which need to be solved and therefore the only economic value comes from the
optimization of network losses, which is insufficient to cover the costs of the DSO tools and of the
technical VPP (flexibility operator).
There is no business case for flexibility operators in most of the analysed scenarios. In fact, the
technical VPP only proved feasible in a scenario where a cogeneration plant had its flexibility
constantly controlled by it in order to optimize network losses. The same does not occur when wind
and solar generation are integrated into the networks, as the need to use flexibility is highly dependent
on weather patterns. One can be led to think that the technical VPP is a concept with low perspectives
of success. However, this view is too simplistic. In reality, the possibility to use the flexibilities provided
by a technical VPP provides a risk mitigation tool for the grid operation planning, particularly for
networks with limited redundancy operation. Although the assets owned by the DSO such as OLTCs
and capacitor banks can be used to optimize network losses and solve any issues caused by the
moderate integration of renewable energy, the analysis showed that when higher penetrations of
renewable energy are considered, although the business case is not positive for the technical VPP, it
is actually used to control the flexibilities of generation and demand to solve network issues.
Based on the cost benefit analysis (CBA) results and sensitivity analysis performed, Table 7 summarizes
the aspects explored for cluster 01, ranging from technical, macroeconomic to regulatory, that had
the most significant implications on the economic scalability and replicability.

Table 7: KPIs that had the most significant implications on the economic scalability and replicability.

Primary KPI

•

Stress/non-stress by RES penetration (functional KPI)

•

Curtailment/load shedding costs
The average day ahead market price and the Value of Lost Load,
respectively (both country-specific parameters)
CO2 emission factors
Existence of remuneration on capacity for the technical VPP

Secondary KPIs
•
•
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3.1.4

Regulatory replicability

The process for assessing the regulatory compatibility of cluster 01 showed that, in most countries,
the necessary regulation to enable this replicability is still lacking, contrary to other clusters.
An important lesson learned from the overall regulatory replicability analysis is that it is not static. In
fact, most of the barriers for the replicability of the four cluster are currently being addressed by EU
regulation and at national level. This is due to that fact that InteGrid’s solutions are in line with the
overall EU targets for decarbonization of the power sector, empowerment of consumers and
consolidation of the Internal Energy Market.
Among the most important changes currently taking place, two important EU regulations have been
recently published and are currently in the process of being adopted by member states, namely the
Network Codes and Guidelines and the Clean Energy Package (CEP). The former is still an
implementation of the Third Energy Package and although it is in its final implementation phase, it is
still fostering adaptations in national regulatory schemes. The latter had its official publication in 2019
and thus is still in the early stages of transposition to national frameworks or implementation by the
different stakeholders10. The ever-changing status of regulatory frameworks, however, does not occur
only to comply or adopt EU regulations. The national regulators are also proactive in many areas in
trying to adapt and steer regulations in favour of national and EU targets. Countries are not only
constantly changing the regulation itself, but also exploring new solutions through public
consultations, pilots and sandboxes. These national experimentations also present two important
lessons. Firstly, the regulatory replicability analysis should not limit itself to the current regulatory text
published in the official journals and should also consider the forthlooking actions of regulators.
Secondly, the regulatory replicability is not always a binary situation (e.g. allowed vs. not-allowed) but
may fall into a gradient of replicability potentials. Although the current regulation in one country may
not allow for the implementation of a certain solution in the current context, initiatives from the
regulatory can either allow for a participation within a pilot or sandbox or can indicate that the
replicability of a specific set of solutions will be allowed in the near future.
The regulatory replicability also showed that some regulatory topics are more advanced or
experiencing additional changes than others at the time of writing. As shown in [REF D8.2], the main
regulatory topics concerning cluster 01 are the economic regulation for DSOs, the implementation of
local flexibility mechanisms and incentives for the reductions of energy losses. In general, these topics
are still not offering a fertile scenario for the replication of cluster 01 in most countries. DSO regulation
(including economic regulation and incentives for losses) tends to be a more national topic and is not
so heavily regulated at the EU level. This is due to the fact that the DSO landscape is very different
among countries in the EU. Many countries have a small number of DSOs, while others have hundreds
(e.g. Germany has more than 800). In addition to that, there is no need for DSO regulation in Europe
as it might be the case for TSOs (harmonization and integration of balancing markets). Additionally,
the provisions of CEP with regards to fostering incentives and conditions for DSOs to procure local
flexibility are very high-level and are expected to vary greatly among countries.

10

The CEP is composed of EU Regulations and Directives. The former does not require a transposition to national
law and it is enforced to all Member States, while the latter requires transposition.
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3.2 Cluster 02: Flexibility management for optimized
LV network operation
This section provides the lessons learned based on the respective SRA analyses for cluster 02. A summary
of the tools, functions and stakeholders is provided in Table 8.
Table 8: Summary of tools, function and actors used in cluster 02

Tools
DSO resources
Flexibilities
Actors/Enablers

Load and RES forecasting, LVC, LVSE, OLTC (control), HEMS (control)
OLTC, capacitors, storage
HEMS, Public lights, OLTC, distributed batteries, DER
DSO, customers/Flexibility owners, gm-hub

Based on the interactions of the aforenoted tools, functions and actors, the lessons learned for each of the
focus areas are obtained and discussed in the subsequent sections.

3.2.1

Functional SRA

Simulations were performed for a typical LV Portuguese network. The specification of these networks is
provided under [REF D8.1]. For various scenarios in which the quantity of RES, the size of the network and
the number of consumers equipped with home energy management system (HEMS) has been modified and
different control strategies have been applied to evaluate the ability of the LVC to maintain the grid in the
optimal conditions. The impact of historical data on the forecasting and the LVSE has also been evaluated.
The SRA was performed through numerous scenarios in order to target the impact on the network when
incorporating the use of various LV functions. A summary of the functional scenarios performed for cluster
02 is provided in Table 9 [REF D8.1].
Table 9: Summary of functional SRA scenarios analysed for cluster 02

Scenario name

Resources Location

Grid Type

LVC Baseline conditions small network
Scalability Scenario CL02 – LVC - Large network
Replicability Scenario LVC #3: HEMS at the end
of the feeder
Scalability scenario LVC #4: High integration of
DER
Scalability Scenario LVC #5: Large DER
penetration in large network
Replicability Scenario LVC #6: Inductive network
Replicability Scenario LVC #7: Distributed energy
storage

Homogeneous
Homogeneous

Low X/R
Low X/R

End of the feeder

Low X/R

High Integration level of DER

Low X/R

High Integration level of DER

Low X/R

Homogeneous

High X/R

High Integration level of DER,

Low X/R
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Scalability Scenario LVC #8: High number of
controllable HEMS
Replicability scenario Forecast
Scalability scenario Forecast
Replicability scenario LVSE

Presence of ES devices along the
feeders
Homogeneous,
Increased
integration level of DER
(compared with Scenario #1)
Homogeneous
Homogeneous
Homogeneous

Low X/R
Low X/R
Low X/R
Low X/R

For each of the above scenarios, the analysis was divided into a set of sub-scenarios depending on the
scenario under investigation. For each of the scenarios, four sub-scenarios were identified to be common
across all scenarios and is therefore presented here (for the complete list refer to [REF D8.1]).
•

•
•
•

Curtailable load and generation: All microgenerators and loads are considered controllable (i.e.
curtailable), in order to evaluate the amount of power that had to be curtailed to maintain the
voltage within the pre-established limits
All controllable resources: all of the resources available are considered to be controllable
HEMS: LVC only recurs to HEMS to perform the active management of the LV network
Energy Storage and HEMS: HEMS and Energy Storage (ES) devices are controllable. This scenario
corresponds to a situation where the DSO performs some investment in network resources, namely
ES devices, and the consumers adopt HEMS at their own premises

Based on the aforementioned sub-scenarios, a summary of the results obtained from the SRA, based on the
relevant KPIs, is shown in Table 10 to Table 13 respectively.
Table 10: Sub-scenario: Curtailable load and generation

KPI
Voltage
violation
resolved
Decrease
in Power
loss [%]
Energy
curtailed
[kWh]
Average
execution
time [s]

InteGrid

High DER
Large
Large DER
Baseline
penetration network penetration

High
number
of HEMS

HEMS at
end of
feeder

Inductive
network

Yes

Yes

Yes

Yes

Yes

Yes

Yes

5.25

4.49

0.89

3.04

2.8

1.52

1.57

19.07

6.96

10.26

207.18

4.16

1.62

0.46

1.58

0.89

11.94

241.32

0.99

0.63

0.35
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Table 11: Sub-scenario: All Controllable Resources

KPI
Voltage
violation
resolved
Decrease
in Power
loss [%]
Energy
curtailed
[kWh]
Average
execution
time [s]

Baseline

High DER
penetration

Large
network

Large DER
penetration

High
number
of HEMS

HEMS at
Inductive
end of
network
feeder

Yes

Yes

Yes

Yes

Yes

Yes

Yes

0.00

0.00

0.32

0.77

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.39

0.44

9.15

61.57

0.53

0.29

0.36

Table 12: Sub-scenario: HEMS

KPI
Voltage
violation
resolved
Decrease
in Power
loss [%]
Energy
curtailed
[kWh]
Average
execution
time [s]

InteGrid

High DER
Large
Large DER
Baseline
penetration network penetration

High
number
of HEMS

HEMS at
Inductive
end of
network
feeder

No

Yes

Yes

Yes

Yes

Yes

0.07

4.26

0.41

1.34

2.82

0.15

0.00

0.00

0.00

0.00

0.00

0.00

0.00

1.37

1.04

64.26

49.62

1.09

0.66

0.49
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Table 13: Sub-scenario: Energy Storage and HEMS

KPI
Voltage
violation
resolved
Decrease
in Power
loss [%]
Energy
curtailed
[kWh]
Average
execution
time [s]

Baseline

High DER
Large
penetration network

Large DER
penetration

High
number
of HEMS

HEMS at
end of
feeder

Inductive
network

No

Yes

Yes

Yes

Yes

Yes

Yes

0.11

4.33

0.18

1.48

2.8

0.02

1.09

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.63

1.19

74.27

69.25

1.2

0.81

0.66

Based on the results of each of the scenarios and sub-scenarios, the lessons learned for cluster 02 are
summarised below.

Network size and type
It was shown that the LVC tool was still able to solve voltage violations in LV networks when the network
size is increased. Furthermore, the LVC was able to successfully solve all of the voltage violations by using
either DSO-owned resources (OLTC transformers), or private consumers or both. This suggests that the LVC
is an adequate tool to be integrated in stressed and large LV networks, with a large integration DER, even
if no DSO-owned resources are present. The LVC was also able to solve all voltage violations when inductive
networks are considered. Finally, and although this is not a direct objective of the tool, it was also shown
that the LVC had a positive impact in power loss reduction.

High DER integration
In the case of scenarios where there are higher integration levels of DERs, the LVC tool was able to solve all
of the forecasted voltage constraints for the control period considered. From the All Controllable Resources
sub-scenario, it was possible to see that using only DSO-owned resources (OLTC transformer and the energy
storage (ES) devices located at the secondary side of the MV/LV transformer), it was not possible to solve
all of the forecasted voltage constraints. A total of 6 HEMS’ are additionally needed to solve all of the voltage
constraints. Additionally, the wide distribution of the HEMS provides added control capabilities, when the
size and complexity of the LV network is scaled. Comparing the HEMS and Energy Storage and HEMS subscenarios, it should be noted that the same number of HEMS is required to perform the successful active
management of the network. Furthermore, the ES device located at the secondary side of the MV/LV
transformer has a positive, but limited, effect on the active management of the LV network.
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Number and location of HEMS
The LVC tool was able to solve all of the voltage violations using the available resources, for all of the subscenarios considered. In an indirect manner, the LVC also had a positive impact on the power losses,
decreasing them in all of the considered sub-scenarios, except All Controllable Resources, where the only
resource actuated was the OLTC transformer. Therefore, by increasing the number of HEMS devices within
the network, DSOs using the LVC, can successfully avoid voltage violations, in addition to reducing the
power losses of the network, thus enabling the increase of RES hosting capacity. Furthermore, the location
of HEMS devices is vital to solve network violations and to reduce network losses. This suggests that in
resistive networks, DSOs are dependent on customers location at the end of the feeder (or at nodes that
are likely to have voltage problems) to be equipped with HEMS since the voltage violations are required to
be solved locally. DSOs should therefore encourage more customer participation. However, by increasing
the amount of DER within the network, the dependency of HEMS participation with respect to flexibility
management is reduced. In this case, the DSO is not dependent of customer flexibility, thereby reducing
operation cost of the network. Therefore, DSOs could alternatively implement distributed storage which
can be used for congestion management as it provides a more effective solution than centralized storage.

Data availability for forecasting and state estimation
In general, the forecasting algorithms are able to predict the consumption profiles accurately. Although it
is noted that in extremes cases (i.e. a sudden high consumption), the accuracy of consumption prediction
is reduced if no pattern is observed in the historical data. With respect to the generation profiles, the
algorithm has the tendency to overestimate solar production profile. This results in higher voltage
magnitude values forecasted compared with the historical data. It was shown that having longer periods of
data, with data gaps, results in less accurate forecasts than with shorter duration but complete data.
Furthermore, the computational time of the forecast is not dependent on network size, thus scalability of
the network does not cause any limitations. Additionally, it was noted that state estimations are not
dependent on the availability of the number of smart meter measurements.

HEMS Devices: dynamic pricing and controllable household appliances
Dynamic pricing can be used to shift loads during hours of lower energy prices without compromising
customer comfort. This was shown in the case of the electric water heater (EWH), where the water
temperature was optimized to remain within predefined limits. In this regard, it was observed that when
the number of optimised devices is increased, the impact on the computation time to solve the optimization
problem is not largely impacted. Therefore, customers are able to increase the number of controllable
appliances successfully within their homes. The direct activation of a smart appliance (i.e. signal is sent
directly to the appliance and not via a HEMS) allows for additional cost savings. Therefore, customers should
be made aware of this possibility as a driver to implement smart appliances which are able to be controlled
directly by the DSO. The impact of seasonality showed that during greater temperature extremes, the
longer the duration of computation time to solve the optimization problem. Additionally, the cost of
consumption of the devices also increases in order to regulate the temperatures accordingly. During
network power limitation, the peak power demand can be successfully reduced to the required limits,
however this does not correlate to a financial benefit of cost reduction. Therefore, DSOs can use this ability
to reduce the peak load in order to avoid network violations. However, there is no financial benefit for the
customer and thus DSOs would have to find alternative incentives to motivate the customer to use HEM
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devices. The introduction of photovoltaic (PV) generation in order to increase self-consumption proved to
be successful as consumption was shifted to hours when PV generation is higher. Thus, DSOs should
encourage the implementation of household PV generators in order to facilitate self-consumption in order
to obtain peak load reduction in order to reduce the overall load on the network.
A summary of the lessons learned for cluster 02 is provided in Table 14.
Table 14: Summary of lessons learned for cluster 02

Condition

Lesson learned

•
Network size and •
type
•
•

OLTC can be used to solve voltage violations on LV networks.
LVC tool was able to solve all of the voltage violations using available resources.
In the case of inductive networks, the LVC is able to resolve all voltage violations.
Reduction of power losses can be achieved as an indirect output.

•
•

The LVC tool was able to solve all of the forecasted voltage constraints
For “All Controllable Resources” sub-scenarios, it was not possible to solve all the
forecasted voltage constraints.
The distributed character of the HEMS provides added control capabilities.
Energy storage (ES) devices located at the secondary side of the MV/LV
transformer has a positive, but limited, effect

DER Integration

Number and
location of HEMS

•
•
•
•
•
•
•
•

Data availability
for forecasting
and state
estimation

•
•
•
•
•

HEMS Devices:
dynamic pricing
and controllable
household
appliances

•
•
•

•

InteGrid

The LVC tool solved all of the voltage violations for all considered sub-scenarios.
LVC also had a positive impact on the power losses.
Location of HEMS is vital to solve network violations and reduce network losses.
In resistive networks, DSOs are dependent on customers location at the feeder
end.
Energy sources (such as PV) within the network allow for the dependency of
HEMS participation to be reduced.
The forecasting algorithms are able to predict the consumption profiles
accurately.
Lack of pattern recognition in historical consumption data reduces accuracy.
The algorithm overestimates solar production profile, which results in higher
voltage magnitude values.
Longer period of data, with missing data is less accurate forecasts than complete
data with short duration.
The computational time of the forecast is not dependent on network size.
Dynamic pricing can be used to shift loads during hours of lower energy prices
without compromising comfort.
The direct activation of a smart appliance allows for additional cost savings.
The impact of seasonality shows that the greater the temperature extremes,
increases the computation time and the cost of consumption.
During network power limitation, the peak power demand can be successfully
reduced to the required limits, however this does not correlate to a financial
benefit of cost reduction.
The introduction of PV generation in order to increase self-consumption proved
to be successful.
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3.2.2

ICT SRA

Cluster 02 has proven to encounter no major issues with regard the qualitative and quantitative analysis.
From the point of view of the qualitative analysis, in similar way as in cluster 01, the addition of new devices
into the communication infrastructure, shall make use of the current specifications and comply with them
not to hurdle performance. Particularly in cluster 02, which accounts for more software centric tools, such
as the LVSE, LVC in addition to the forecasting systems for RES and load on the DSO side, it is proven that
dedicated machines are able to cope with the increase of new devices into the network. In the case of large
DSOs, these requirements might change alongside a massive deployment. Thus, the creation of virtual
environments hosted in computer clusters can guarantee the correct performance in super large-scale
deployments as it would be in the case of Portugal, where one DSO is responsible nationwide. Making such
a move, will increase the level of complexity for system integration, but will decrease the operation
complexity and will provide flexibility to replicate the solutions and provide the DSO with enough
modularity to integrate these new concepts into their daily business as usual operation.
This optimization of resources is also applicable to storage, which has been proven alongside the different
analysis provides an interesting topic in cluster 02. Nevertheless, storage at field components have to be
pre-calculated counter to operation devices, located at DSO premises, which is not the case. Precalculations have to take place as field devices, once the massive roll-out of these devices is conducted, in
terms of cluster 02 interactive devices, HEMS, or substation devices, Distribution Transformer Controller
(DTC), will be deployed and be less accessible to new hardware upgrades. This calculation is similar to that
in cluster 01 and can be seen as a driver for providing such components with increased storage such that
they can be used as internal back up databases for increasing the system reliability through their data
backup. This increase of storage will guarantee that an increase of data granularity supposes no barrier or
constraint.
Clearly, interoperability also appears as a key factor for system integration which, in this case, is partly
solved through the different protocols which can run over the current devices and proportionate not only
from the point of view of interoperability as a good solution and path to follow but also it eases the
replication path as the replicability analysis has shown. This eases the system integration which can foster
a large scale roll out especially for the HEMS, which has to deal internally with the system integration of the
components into its own. This can be seen as its own system where the same interoperability rules apply,
and requirements are set specially by customers but also device manufactures. Using Common Information
Models (CIM) and Smart Appliances Reference (SAREF) ontologies help this interoperability and integration.
Cybersecurity does also appear and will play a major role, as at the end, the cluster is a big interconnection
of customer devices, HEMS and DSO devices and smart meters at customer premise and substations. Hence,
the current measures guarantee, cybersecurity as it stands now, but there will be an increase of the
measures, as the system grows. This increase of measures will be seen as an additional challenge to how
new devices will be integrated when it comes to large systems, as if a system is compromised internally in
the architecture, the system still needs to perform and provide the service in an automatic way to not only
the customer but also at the DSO side.
From a quantitative perspective, where stress simulations based on the following scenarios which have
been considered in the architecture in Portugal, as Table 15 shows, scenarios considered for quantitative
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stress analysis. In this particular case, since the architecture is common with cluster 01, the identified
scenarios tested in cluster 01 also apply to cluster 02.
Table 15: Scenarios considers for the ICT quantitative simulations in cluster 02

Scenario ID

Variation

Network

The communication layer stack in this scenario is set to
DLMS/COSEM is transmitted on top of the NB-PLC
communication standard PRIME.

Portuguese
simplified topology

The architecture presented in cluster 02, drops the aggregation of flexibilities for a direct connection of
them similar to the advanced metering infrastructure (AMI) which is used for smart metering. This creates
an infrastructure which is based on smart meters pushing data to the central DSO services and HEMS getting
and pushing through the gm-hub to the DSO. The HEMS as they are point to point connection but uses
relative new communication ways, such as Message Queuing Telemetry Transport (MQTT), assures proper
performance even under RT measures. It is for the AMI where these bottlenecks can be seen. It is through
the quantitative analysis of the different scenarios and their variation, as shown in Table 15, that when the
nodes aggregated under the AMI are not saturated, they have no impact into the performance but when
saturated or a large number of nodes are aggregated under one central node, then issues arise. These are
due to the logic of how data is pulled from each smart meter which in consequence, puts under the spotlight
the AMI and its current deployment. Nonetheless, it has been with this extension of simulations performed
in cluster 02 in addition to cluster 01 where AMI is also considered, that the current AMI can cope with
large scale scenarios, but its node distribution has to be calculated. Based on cluster 01 and cluster 02 AMI
results, it is clear that the use of dedicated physical services, either machine or cable and dedicated virtual
services with some prioritization at substation level better supports the scaling process. Nonetheless, it is
necessary to remark, that when using RT systems, the time window to take decisions based on the LVSE
provision grid status and the LVC for signal control, create no scaling barriers for large systems.
From the replicability perspective, the main component which is critical to be considered is the HEMS, as
the AMI is dependent on the DSO’s ongoing roll out although alternatives can be found for different DSOs
if the current ones proportioned in cluster 01 do not match their current ones or they deal with legacy
systems. With regard to the HEMS, as it provides a good basis for interoperability since it can be attached
with different solutions, which results in a non-barrier for replication, which can be exported beyond
InteGrid.
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3.2.3

Economic SRA

Cluster 02 relates to low voltage networks and the way in which active flexibility is provided by HEMS users
directly instead of through a technical VPP. On the functional-oriented SRA scope, simulations were carried
out for a typical LV Portuguese rural network. From the various scenarios, those concerning resistive and
inductive networks, different network sizes (replicability) and higher amounts of DER accommodated
(scalability) have been assessed from an economic perspective, applying diverse control strategies to
maintain the grid nodes within the voltage limits. For further details, please consult [REF D8.2].
Since this group of solutions was implemented only in Portugal and no simulations were performed in other
countries, assuming the same technical results, a replicability analysis was made for Slovenia since its
network characteristics at this level are similar to those found in Portugal. The same does not hold true for
Sweden, for instance. Slovenia’s macroeconomic parameters and the LV system size under Elektro
Ljubljana, concessions were accounted for in the analysis. A summary of the scenarios used for Portugal
and Slovenia is provided in Table 16.
As for cluster 01, the economic SRA investigated what would be the potential impact on the cluster’s
profitability of a larger scale roll-out, departing from the results at a smaller scale and considering the size
of the LV networks of both DSOs. Economies of scale in the deployment of HEMS retrieved from smart
meters experience were also part of the analysis.

Table 16: Summary of economic scenarios for cluster 02 in Portugal and Slovenia

Scenario ID

Scenario 1

Scenario 2

Scenario 3

InteGrid

Description
• LV resistive network with 33 nodes and 150 kVA transformer (small);
• Severe penetration of DER;
• 33 HEMS distributed in the network.
Different controllable resources have been used with different capital and operating
costs such as: microgeneration curtailment and load shedding, HEMS flexibility only,
HEMS flexibility combined with an energy storage system, OLTC transformer with HEMS
and the energy storage.
• LV resistive network with 150 nodes and 500 kVA transformer (large);
• Moderate penetration of DER;
• 82 HEMS distributed in the network.
Different controllable resources have been used with different capital and operating
costs such as: microgeneration curtailment and load shedding, HEMS flexibility only,
HEMS flexibility combined with an energy storage system, OLTC transformer with HEMS
and the energy storage.
Network of Scenario #2 with higher integration of DER.
•
LV rural network with 150 nodes and 500 kVA transformer;
•
Severe penetration of DER;
•
150 HEMS distributed in the network.
Different controllable resources have been used with different capital and operating
costs such as: microgeneration curtailment and load shedding, HEMS flexibility only,
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Scenario 4

HEMS flexibility combined with an energy storage system, OLTC transformer with HEMS
and the energy storage.
Network of Scenario #3 with a high X/R ratio.
• LV inductive network with 150 nodes and 500 kVA transformer;
• Severe penetration of DER;
• 150 HEMS distributed in the network.
Different controllable resources have been used with different capital and operating
costs such as: microgeneration curtailment and load shedding, HEMS flexibility only,
HEMS flexibility combined with an energy storage system, OLTC transformer with HEMS
and the energy storage.

The economic results have shown, once again, that the characteristics of the network play a key role on
determining the value of the application of the InteGrid tools. This cluster captures the most value and can
actually be viable in larger rural networks with high renewable energy penetration. When scaled up, this
cluster can prove interesting for the same type of networks, even with moderate renewable energy
penetration. However, the scale must be big enough as the analysis showed that for Portugal, considering
the size of EDP’s network, the cluster becomes viable after being scaled, but the same does not hold true
for the case of Slovenia given the significantly smaller network of Elektro Ljubljana.
It was also interesting to observe that using the flexibility provided by the HEMS can be more advantageous
for the DSO than investing in solutions such as batteries or transformers equipped with OLTC, considering
their investment and operation and maintenance (O&M) expenditures. In Portugal (and Slovenia), this
network equipment does not exist currently at LV level and would require their deployment to increase
flexibility in operation. However, this is a high-risk option in a real implementation since it depends on the
engagement of domestic clients. Regulatory changes are required to mitigate this risk such as the
implementation of dynamic tariffs that follow the energy price in the spot market to encourage HEMS
acquisition. Moreover, HEMS should be affordable for the majority of the consumers as its price can impose
a barrier to its adoption. Nevertheless, a balanced strategy considering a mix of HEMS use and own
equipment seems adequate for the DSOs as well, although with less positive business cases.
Based on the CBA results and sensitivity analysis performed, Table 17 summarizes the aspects explored for
cluster 02 that had the most significant implications on the economic scalability and replicability.
Table 17: Summary of KPIs for cluster 02

•

Primary KPI
•
•
•
•

Secondary KPIs

•

InteGrid

Network characteristic such as: small/big networks, inductive/resistive
networks (functional KPI)
RES penetration (functional KPI)
Size of the implementation area
Cost of HEMS technology
In this analysis, no installation costs were considered and economies
of scale (modelled through a L-shaped function) were applied. A saving
on average cost of around 40% was gained by increasing the level of
production to the minimum efficiency scale point.
Reduced electricity bill as a result of HEMS energy optimization feature
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3.2.4

Regulatory SRA

From a regulatory standpoint, the replicability of clusters 01 and 02 are very similar and so are the lessons
learned. All lessons learned described in section 3.1.4 also apply in the context of cluster 02. However, for
cluster 02 there is the addition of one important regulatory topic in the analysis, namely the weight of
regulated charges and taxes over the final retail tariffs and its effect on the response of residential
consumers to flexibility signals and the adoption of enabling technologies such as HEMS or self-generation.
In this regard, there are two relevant aspects. On the one hand, a high weight of regulated costs over the
final electricity prices seen by residential consumers can distort the incentive that time-varying energy
prices can have on the adoption of HEMS. On the other hand, since network charges may also be used to
promote flexibility (e.g. through dynamic network tariffs), it is relevant to assess the weight of network
costs over the total regulated costs.
One lesson learned from this cluster is the impact of certain regulatory topics that, at first, would not be
completely related to analysed cluster. In this case specifically, cluster 02 considers the use of flexibility
from users at the low voltage by the DSO. Nevertheless, for this flexibility to be provided, users must adopt
the HEMS in the first place and the economic SRA already shows that most of the benefits for residential
consumers will come from energy savings rather than flexibility provision. In this context, the analysis of
regulated charges and tariff design becomes a central topic to be assessed, although at first it is not directly
related to the cluster.
Another lesson learned from the analysis of regulated charges and tariffs is that the regulatory replicability
is also impacted by high level policies and political decisions. Tariff design, specially the part with regards
to taxes and sector policies, can be heavily influenced by political decisions, and therefore can change when
policies change. Another lesson learned is that different regulatory topics may be more or less important
for the replicability of a certain cluster. Certainly, the regulated charges and overall tariff design play an
important role in the incentives for residential consumers to adopt the HEMS.
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3.3 Cluster 03: Large customer cVPP
This section provides the lessons learned based on the respective SRA analyses for cluster 02. A summary
of the tools function and stakeholder is provided in Table 18.
Table 18: Summary of tools, function and actors used in cluster 03

Tools
Flexibilities
Actors/Enablers

MV Load and RES forecasting, TLS, cVPP orchestration system
Waste Water Treatment (WWT) plant, industrial loads, PV and wind generation
cVPP, DSO, TSO (simulator), gm-hub

Based on the interactions of the aforenoted tools, functions and actors, the lessons learned for each of the
focus areas are obtained and discussed in the subsequent sections.

3.3.1

Functional SRA

Cluster 03 embraces the exploitation of large customers’ flexibility through the implementation of a
commercial Virtual Power Plant (cVPP) to provide manual Frequency Restoration Reserve (mFRR) to the
Transmission System Operator (TSO). Given that these customers are located on the distribution side (on
MV or LV level), the activation of bulk volumes of flexibility could potentially lead to situations in which the
operational limits of the distribution grid are violated (e.g. cables or transformer overloading, undervoltage,
etc.). To avoid such situations, the TLS has been developed to enable the DSO to perform the technical
validation of distributed flexibility programs. In this regard, various scenarios were developed in order to
test the success of the TLS system based on different network conditions. A summary of the functional
scenarios for cluster 03 is shown in Table 19 [REF D8.1].
Table 19: Summary of functional SRA scenarios analysed for cluster 03

Scenario Name

Variation

Baseline Slovenian demo
Large homogeneous flexibility
Reduced homogeneous
flexibility
Linear prices

Baseline – No variation considered
Large flexibility bids (power) at each node
Reduced flexibility bids (power) at each node

Network
SI demo
networks

Reduced flexibility bids with linear prices
Future scenario with RES and EV integration in
specific feeders

SI demo
networks

Rural and urban networks

Increase of the flexibility in other SI networks

Other SI
networks

Baseline Portuguese demo
Large homogeneous flexibility
Reduced homogeneous
flexibility

Baseline – No variation considered
Large flexibility bids (power) at each node

RES and EV integration

InteGrid

Reduced flexibility bids (power) at each node
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Currently, the pool of flexibilities offered by the cVPP is very low. In such cases, the impact on the
distribution is limited and the activations of flexibilities does not result in any network violations. The TLS
therefore does not make any contribution to the improved performance of the network. In such cases, it is
difficult to motivate the need for a TLS. However, the potential benefits of the system should not be
overlooked, as future scenarios predict the increased penetration of flexibilities which will contribute to
increased constrained conditions within the network. Furthermore, the TLS can already be employed in
networks which suffer network constraint violations caused by flexibilities.

Large homogeneous flexibility
In the case of large homogeneous flexibility, the upward activation of flexibilities (increasing of generation
or decreasing of load) mostly causes constraints on lines that are located close to the primary substation.
In such cases the extent of the constraints extends for a longer duration (24hrs), whereas constraints
located further away from the primary substation may only exhibit constraints for shorter period of time
(1hr). The maximum amount of flexibility for individual nodes can vary significantly between two
consecutive time intervals. This poses as a challenge to the aggregator if the pool of flexibilities does not
have the technical capabilities to reach the required maximum or minimum power ratings within a short
duration.
During downward activations of flexibilities (decreasing of generation or increasing of load), the
transformer is subjected to constraints to a far greater degree than the feeder elements. Additionally, the
magnitude of the required flexibilities is less than that of the upward flexibility activations. This is due to
the design of the network which, based on historical design, aims to accommodate an increase in loads.
When flexibilities are dispersed within the network, the effects of network losses need to be acknowledged
during flexibility activations such that it is accounted for. In this regard, the activations of larger flexibilities
located closer to the substation is more efficient. Additionally, it should be noted that for the successful use
of the TLS, the amount of flexibility which can be activated in each feeder is very important and it is likely
that in some cases the capacity of the primary substation transformer will be reached before the limit of
each individual feeder.

Reduced homogeneous flexibility
In this scenario the maximum activatable flexibility amount obtained for the previous scenario is evenly
distributed over the feeder. As a result, the overall volume of flexibility which can be activated becomes
less. In such cases the activation of flexibilities selected by the TLS becomes more fair as a wider spread of
flexibilities are activated.
The ratio between the available flexibility and network loading for both the upward and downward
activation indicated that current networks can accommodate a significant volume of flexibility compared
to the residual load, meaning the cVPP could create a portfolio based on the exploitation of the flexibility
of existing consumers (load and generators) without jeopardizing the distribution network.

Linear pricing
The influence of a linear price (with decreasing prices) model in comparison to a homogenous model was
investigated. In this case flexibilities located at the end of feeders are more cost effective and the prices are
linearly increased as the buses are closer to the primary substation. During the upward activation of
flexibilities, the price model does not have a significant impact on the network (with one exception). In the
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case of downward activation, the cheapest flexibilities, which are located at the end of the feeder, are
activated first which results in higher network constraints. Therefore, a linear price model results in a lower
flexibility volume. On the other hand, an increasing price model prompts the TLS to activate flexibilities
located closer to the substation in priority which is comparable to that of the homogeneous case.

RES and EV integration
In the case of significant RES (wind generation), a significant margin of power would make the use of the
TLS redundant especially since the pre-evaluation based on a forecast can be used to mitigate network
violations. However, in the case when there is an increase in RES by a significant amount, the use of the TLS
becomes essential and was investigated through the upward activation of connected flexibilities. The
results indicated that the connection of a wind park has a strong influence on the maximum volume of
upward reserve. During high levels of production, the upward reserve margins can be significantly reduced.
Furthermore, the reliability of the forecasting model is essential in order to ensure the function of the TLS
is optimal. In the case of a forecasting error, the resulting activation of the flexibilities would require higher
power values than what is necessary (i.e. overestimation). Therefore, accurate long-term forecasting is vital
to ensure adequate cooperation between DSO and cVPP operators.
The scenario for the significant increase in EV penetration was also investigated. It was shown that the
downward reserve cannot be fully activated. This indicates that a large-scale integration of EV could pose
as a significant challenge to DSOs in the future.

Rural vs Urban network
The scenario to evaluate the amount of maximum volume flexibility in order to compare the performance
of the TLS based on a different network topology was also investigated. In this case, it was shown that in
rural networks, loading violations in both the feeders and the transformers are more likely to occur. The
ratio between the load and flexibility for the upward activations and downward activations indicated that
in the case of networks with both load and flexibilities connected, the ratio is significantly high. This
indicates that the critical amount could not be reached if the cVPP would only exploit the load of LV and
MV consumers. Consequently, the TLS does not have any impact on the business model since the potential
limitations are not foreseen.

Waste water treatment plant
The waste water treatment (WWT) plant consists of various processes and sub-processes. Each sub-process
can offer flexibility by modulating its input power while maintaining particular constraints related to it. Subprocess offers varying degrees of flexibility which can be aggregated to generate a flexibility profile for the
entire plant.
The flexibility characteristics are generated for the given time window by randomly activating the
flexibilities of the subprocesses at different times throughout the day. Their individual specifications like
maximum or minimum runtime, upward or downward regulation and maximum number of activations per
day are considered.
The available flexibility is assessed by calculating the amount of power that can be increased or decreased
from the base line power (normal day-to-day operational power). A summary of the lessons learned for
cluster 03 is present in Table 20.
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Table 20: Summary of lessons learned for cluster 03

Scenario

Lesson learned

Large
homogeneous
flexibility

•
•
•
•
•
•

The upward activation of flexibilities causes constraints on lines that are located close to the primary substation.
The duration of constraints is shorter when they are located further away from the primary substation
The maximum amount of flexibility for individual nodes can vary significantly between two consecutive time intervals.
The downward activations of flexibilities cause the transformer to be subjected to increased constraints
The magnitude of the required downward flexibilities is less than that of the upward flexibility activations.
The activations of larger flexibilities located closer to the substation is more efficient.

Reduced
homogeneous
flexibility

•
•
•

The overall volume of flexibility which can be activated is less than large homogeneous scenario.
The activation of flexibilities selected by the TLS becomes fairer as a wider spread of flexibilities are activated.
The cVPP is able to create a portfolio based on the exploitation of the flexibility of existing consumers.

Linear pricing

•
•
•
•

Flexibilities located at the end of feeders are more cost effective
During the upward activation of flexibilities, the price model does not have a significant impact on the network
During downward activations, the cheapest flexibilities, located at the end of the feeder, are activated first which results in higher
network constraints.
An increasing price model prompts the TLS to activate flexibilities located closer to the substation in priority

RES and EV
integration

•
•
•
•
•

Significant RES (wind generation) results in a significant margin of power and makes the use of the TLS necessary
With significant increase in RES, the use of the TLS becomes essential.
The connection of a wind park has a strong influence on the maximum volume of upward reserve.
The reliability of the forecasting model is essential in order to ensure the function of the TLS is optimal.
The downward reserve cannot be fully activated when there is large-scale integration of EV

Rural vs Urban
networks

•
•
•

In rural networks, loading violations in both the feeders and the transformers are more likely to occur.
In the case of networks with both load and flexibilities connected, the flexibility ratio is significantly high.
The TLS does not have any impact on the business model since the potential limitations are not foreseen.

Waste water
treatment plant

•
•
•
•

Due to the limited availability of data for each of the processes, the flexibility characterization is not accurate.
Control strategy of the power plant needs to be available to understand how various processes are activated.
The flexibilities are activated randomly. Data related to the process hierarchy would be useful to generate flexibility characteristics.
More information related to various devices in the subprocesses will lead to better decisions of activation during the day.
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3.3.2

ICT SRA

Cluster 03 has similar results to cluster 01, but not identical since in this cluster the inclusion of the VPP in
proportionate flexibility to other actors through the DSO is considered. In other words, it is a combination
of results of cluster 01 and cluster 02. The architecture which was used along with its respective results can
be found in [REF D8.1]. Throughout the entire ICT analysis of this cluster, from a qualitative and quantitative
perspective, no major constraints or barriers are found with regard to a potential scaling of the
infrastructure in addition to a flexible infrastructure which can be replicated using alternatives as the
replicability analysis shows.
From a qualitative perspective nonetheless, it is interesting to remark some points. As previously stated for
the earlier clusters, especially the addition of new devices in the field, shall follow the current technical
dimensioning, as the general performance will not be affected if done so. The main realization outcome
from this cluster, which follows the trend of the previous ones, is based on how the system will be managed.
This is the key concept based on interoperability but also in the case of determining the complexity of the
architecture, in order to include new devices, such that they adhere to the high internal cybersecurity
standards and operate it in an automated way. Using CIM standards make the communication flow easier.
Taking the point of view of the VPP, it is clear that moving towards plug and play solutions will increase
their chances of higher penetration in distributed networks and offer a higher flexibility pool to the DSO. In
addition, a modular system, as it is presented in InteGrid by the VPP, based on microservices, is key for
proper scaling performance. Source code in these microservices can be optimized independently in addition
to the resources they use when confronted with large pools of flexibilities to be not only integrated into the
VPP but also steered when necessary.
Considering the point of view of the DSO, the scaling process is considered as a driver, since the more
metering points there are, the higher the resolution of the current grid status and the more accurate such
a tool such as the TLS can be. Thence, storage at substation devices such as RTUs and SM located at the
customer premise, needs to be assessed prior to a large and long-lasting roll-out as an increase of data will
likely take place in the upcoming years due to RT operation. Additionally, this can be seen as a driver to
proportionate new concepts as local backups for data quality at each node.
Beside these remarks, an important one, is the use of legacy technologies. This, however, does not propose
a barrier as it has been demonstrated during the test fields in Slovenia [REF D4.3]. However, it does limit
the architecture to explore new extension as the inclusion of secondary reserve restoration as the latency
requirements are stricter than the ones used for tertiary reserve. Hence, when new devices are added, the
use of new communication technologies such as 4G, 5G in depreciation of GPRS will provide a good
opportunity for a system upgrade while maintaining the performance when more devices are added.
Overall, cybersecurity as in prior clusters have been explored. In this cluster the current status indicates
that as requirements are met, no imposition on any scalability constraints are created. Withal, it is expected
that the cybersecurity measures will increase as the topic gains increased significance and more security
layers are added to energy providers causing the further increase in the complexity of how both the DSO
and the VPP have to handle their communication.
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From a quantitate perspective, where stress simulations based on the following scenarios which have been
considered in the architecture in Portugal, as Table 21 shows, some the scenarios simulated for quantitative
stress analysis.
Table 21: Scenarios considers for the ICT quantitative simulations in cluster 03

Scenario ID
A
B

C

Variation

Network

The communication layer stack in this scenario is set to
DLMS/COSEM messages being transmitted over TCP/IP/GPRS.
The communication layer stack in this scenario is set to
DLMS/COSEM messages being transmitted over G3-PLC.
The communication layer stack in this scenario is set to
DLMS/COSEM messages being transmitted over TCP/IP/xDSL.
This technology was included in the simulation as an alternative
to GPRS.

Slovenian simplified
topology
Slovenian simplified
topology
Slovenian simplified
topology

The highlighted points follow the trend as previously addressed in cluster 01 and cluster 02, as similar
concepts are used but with different technologies, such as PLC, where cluster 01 and 02 use PRIME and
cluster 03 uses G3, as it indicates variety of choices for DSOs to deploy an AMI. When it comes to scaling,
both technologies as explored through the analysis in this cluster for G3 and PRIME in the previous one, the
main concept to bear in mind when large scale deploying are the saturation of junction nodes and
transmission nodes, as they have a limit not only in capacity (number of devices they can give access to)
but also distance these technologies can cover. Contrary when having dedicated connections as P2P
scalability is totally guarantee and even more, if this they use high speed communication technologies such
as fibre optics.
It is when exploring RT communications, the use of P2P performs better. This move towards RT is based on
the conception of gathering a better snapshot of the grid at the time to do the evaluation of it for flexibility
impact, which becomes crucial for pre-activations flexibilities (before a flexibility gets activated in real time).
The use of proper application protocols can improve the scaling process whereas the use of generic
application protocols can decrease the efficiency in combination with transport checking protocols as TCP.
The use of legacy communications anew, are not affected when scaling since the payloads for the flexibility
activation do not require big message sizes. However, when it comes to resolution for latency, although it
has been shown in the field tests [REF D4.3] that the performance is not affected by latencies around
300ms, if the same architecture is to be used for other energy services which are more demanding, which
is usually the case when it comes to energy communication networks, this latency has to be reduced. Thus,
the use of newer technologies can be implemented simultaneously with the scaling process as a driver to
make the architecture long lasting.
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3.3.3

Economic SRA

Cluster 03 shed light on the requirements for profitable operation of commercial VPPs, while illustrating
also a particular application for a WWT plant in Portugal.
With the assistance of CyberGrid, a CBA model was setup for a flexibility operator, comparing the possible
revenues from mFRR market participation for a given portfolio against the commercial VPP’s CAPEX and
OPEX, which includes eventual penalties for underperformance. In addition, a distribution of the benefits
and costs through a set of flexibility providers, which are large customers willing to participate in the
electricity markets, is also carried out. The balancing needs of the TSO, based on historical data, were the
same with or without this concept in place.
For a commercial VPP, the international replicability of the business model is especially relevant since
balancing markets vary from country to country; product definition, technical rules and pricing for mFRR
may be different. The analysis embraced the tertiary reserve market of Portugal and Slovenia. Considering
these markets’ own characteristics, changes on key technical parameters such as size of the pool (up and
down) and the average DER flexibility, from a scalability perspective, were carried out to conclude the
economic worthiness of this business model in both countries and to identify potential deployment barriers.
For further details, please consult [REF D8.2].
Moreover, the flexibility profiles of Alcântara and Mafra WWT plants generated in the scope of functional
SRA have been used by the economic SRA to evaluate the potential gains on the mFRR market over a year
based on historical needs of REN (Portuguese TSO). Finally, the two WWT plants were pooled to determine
if their owner would profit from selling their flexibility. A summary of the scenarios analysed for cluster 03
used for the analysis in Portugal and Slovenia is presented in the Table 22.
Table 22: Scenarios analysed for cluster 03 by the economic SRA.

Scenario ID

Scenario 1

Scenario 2

Scenario 3

InteGrid

Description
Changes on the commercial VPP pool characteristics while participating in
the Slovenian mFRR market.
- Variation of the pool’s size upward and downward from 0 to 30 MW and
of the average DER capacity from 0.5 MW (MV customers with limited
flexibility) up to 2 MW (MV customers with a more significant flexibility).
Changes on the commercial VPP pool characteristics while participating in
the Portuguese mFRR market.
- Variation of the pool’s size upward and downward from 0 to 30 MW and
of the average DER capacity from 0.5 MW (MV customers with limited
flexibility) up to 2 MW (MV customers with a more significant flexibility).
Calculate the potential gains achieved by Alcântara and Mafra WWT plants
individually on the Portuguese mFRR market, attending to the price of
reserve and needs of the TSO REN in 2018.
- Determine if a commercial VPP pooling the flexibility of the two plants
is profitable. The revenues on the mFRR are shared between the
flexibility operator and AdTA.
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Essentially the replicability analysis demonstrated that almost all pools were viable in Slovenia. The exact
opposite happened for the case of Portugal. The main difference between these countries is the fact that
mFRR is remunerated on availability and activation in Slovenia and in Portugal it is only remunerated on
mobilization. Therefore, in countries where mFRR capacity provision is mandatory and receives no
payment, the economic replicability could be limited.
Both the number of DER aggregated and the average available flexibility per DER may play an important
role in the economic results of the commercial VPP. In Slovenia, pools with a small size are not economically
feasible, regardless of the DER capacity aggregated; while in the case of Portugal, pools with limited
flexibility, regardless of their size, are not economically interesting. In the latter, it only becomes feasible,
for a given pool size, when aggregating clients with a significant amount of flexibility as their number and,
consequently, the costs associated to DER are lower. This is a scalability in density constraint.
Moreover, the business case in Portugal, especially for pools offering upwards reserve is negatively
impacted by the abundance of this product in the market which also results from a regulatory obligation as
conventional generators and pumped storage consumption units are obliged to provide all of their available
capacity. The risks for a commercial VPP to operate in Portugal under current regulation are regarded as
too high by this analysis. To illustrate such, one can find the results of a Monte Carlo Simulation ran for a
given portfolio of DER in this country. The particular application to the waste water plant only validated this
reasoning, since it showed that the costs incurred by the owner of the plants to estimate and offer its
flexibility on the mFRR market largely surpass the attained revenues. The results of the monte-carlo
simulation is shown in Figure 23.
Monte Carlo - Histogram
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Figure 23: Monte Carlo simulation of a given commercial VPP pool operating in Portugal.
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Based on the CBA results and sensitivity analysis performed, Table 23 summarizes the aspects explored for
cluster 03, which are essentially regulatory related, that had the most significant implications on the
economic scalability and replicability.
Table 23: Aspects explored for cluster 03 that had the most significant implications on the economic SRA

Primary KPI

•

mFRR remuneration scheme

•
•

Number of DER pooled and the average available flexibility per DER
Competition in the balancing reserve market – measured by the
indicator annual ratio, in our analysis. If there is a high availability of
reserve (low ratio), the likelihood of being mobilized is lower and viceversa.
Price of balancing products.

Secondary KPIs
•

3.3.4

Regulatory replicability

The regulatory replicability of cluster 03 is mainly influenced by three regulatory topics, namely the market
design for balancing products, the rules for aggregation and the coordination between TSO and DSO. In that
regard, clusters 03 and 04 share the same regulatory topics. What differs are the specific characteristic
required in each topic in order to allow for replicability.
In cluster 03, the focus was on the demand response participation in balancing markets, more specifically
in the mFRR market, considering the original aspects of InteGrid’s demonstrations and HLUCs. The analysis
focused on the participation of demand response (DR) individually, but also aggregated by the VPP, another
important focus in cluster 03. Therefore, although clusters 03 and 04 deals with the same regulatory topics,
several differences have to be observed:
1. Different products
2. Different agents doing aggregation
3. Different rules for aggregation are more or less important in the different clusters
These differences proved to have a great impact on the compatibility of the two clusters, leading to very
different results in most countries, what could be considered counter intuitive at first.
Another important lesson learned is the big impact of regulatory conditions on economic scalability and
replicability potential. This is true not only for cluster 03, but for all clusters. However, clusters 03 and 04
showed a much higher impact of regulation over the economic outcomes. The design of markets and
products, in these cases, will not only allow the participation of agents, but also change the possibility of
economic benefit. In the case of cluster 03, in which markets pay capacity and energy, economic scalability
was proved to be more favourable.
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3.4 Cluster 04: Building aggregation
This section provides the lessons learned based on the respective SRA analyses for cluster 04 and takes into
consideration the functional, economic and regulatory analysis.
Table 24: Summary of tools, function and actors used in cluster 04

Building controller
Tools
Building flexibility (HVAC)
Flexibilities
Actors/Enablers DSO, gm-hub

3.4.1

Functional SRA

To aggregate buildings and characterize flexibility, the active management of various components in the
heating and ventilation systems (HVAC) needs to be performed. This depends on the controller in the HVAC
system. Generally, in the simplest case, the building’s indoor temperature is measured and the deviation
from the temperature setpoint is calculated. Based on this, the controller decides whether to heat or cool
the building and by how much.
To use the thermal inertia of the building as a flexibility and be part of a pool to participate within the
ancillary services market, the inertia must be modelled to predict the building temperature for a future
time step or horizon since strict limits on user comfort must be maintained. To do this, an optimal control
strategy is used. Maximum and minimum amount of power that can be consumed while keeping the
building indoor temperature within certain limits (for example, 21-23 C), is calculated. This band
(maximum, minimum power) is the available flexibility. Since they are generated after consideration for the
temperature limits, any value within these power limits can be used to bid on the market.
The demo site operator performed experiments on the building to determine the thermal characteristics
of the building. The active power was modulated to get a certain temperature in the building. This was
performed for multiple temperature setpoints and their corresponding active power was recorded. Since
the building was inhabited, the temperature setpoints was only varied between 21 C and 23 C. The linear
model generated using this dataset is less accurate due to the unavailability of entire temperature space.
The model is only accurate for the given temperature band and the active powers associated with it.
Using the linear building model, the active power is maximized and minimized within an optimization
framework by considering temperatures to be within certain limits. This is the limits of the active power of
the HVAC systems without causing any temperature violations. If the building is operated within these
power limits, temperature will be within the range. Since the objective function, building model and
constraints are linear, the solver used is a linear one (GLPK solver) as shown:
𝑇

𝑚𝑖𝑛𝑖𝑚𝑖𝑧𝑒/𝑚𝑎𝑥𝑖𝑚𝑖𝑧𝑒 𝐽 = ∑ 𝑃𝑡
where, T is the prediction horizon. In the simulation T is considered to be 48 hours.
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Scalability analysis is performed for a pool of 100 buildings by considering different temperature limits for
different buildings. This is done since the data available is only for one building and to account for change
in thermal characteristics. This is a gross simplification of building thermal characteristics.
Using different temperature ranges for different buildings, minimum and maximum active power profiles
are generated for each of the buildings. The profiles for the individual buildings can be summed up to get
the pool profile. Aggregators can control the active powers of individual buildings and to get a desired
profile to participate in the market. Based on the aforementioned process, the lessons learned for cluster
04 are summarised within Table 25.
Table 25: Summary of lessons learned for cluster 04 (HLUC10)

Scenario

Lesson learned

Data

• The data from the buildings should cover a wide range of temperatures to accurately
model it.
• Additionally, data pertaining to inertia of the building should be available to model a
pool of buildings more accurately leading to more diverse thermal characteristics.

Building
characteristics

• The thermal inertia of the building can be determined either using detailed modelling
of various thermal parameters like building size, insulation or structure details or can
be determined indirectly with input/output data from various other buildings using
system identification methods.
• More accurate representation of thermal characteristics of the building is needed.

Optimization

• Constraint based on building characteristics needs to be defined appropriately to get
representative temperature and active power characteristics when compared to real
measurement data.
• Building models must be of higher order and the optimization solvers should be able
to handle the higher model complexity with speed and accuracy to compute the
optimal setpoints for a pool of buildings.

3.4.2

Economic SRA

Cluster 04 focused on the application of flexibility offered by a set of office buildings through an aggregator.
In a similar process conducted for the WWT plants, the economic SRA determines the potential gains of a
pool of 100 office buildings, based upon the flexibility profiles calculated by the functional SRA. However,
this time not only in the frequency restoration reserve market with manual activation but also with
automatic activation for the case of replicability. Moreover, it was assessed if a retailer in the role of
aggregator can profit from selling the flexibility of this pool, attending to the different market remuneration
schemes in Portugal. The following scenarios collected in Table 26, have been analysed in Portugal. For
further details, please consult [REF D8.2].
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Table 26: Scenarios for Cluster 04 analysed by the economic SRA.

Scenario ID

Description
Calculate the potential gains achieved by a pool of 100 office buildings on
the Portuguese mFRR market, attending to the price of reserve and needs
of the TSO REN in 2018.
- Determine if an aggregator pooling the flexibility of these 100 office
buildings participating in the Portuguese mFRR market is profitable.
Calculate the potential gains achieved by achieved by a pool of 100 buildings
on the Portuguese aFRR market, attending to the price of reserve and needs
of the TSO REN in 2018.
- Determine if an aggregator pooling the flexibility of 100 office buildings
participating in Portuguese aFRR market is profitable.

Scenario 1

Scenario 2

The cluster application is viable for aFRR (and not for mFRR), because there is not only revenue resulting
from the capacity offers and also because the likelihood of mobilization after the capacity (regulation band)
was contracted is much higher for aFRR than for mFRR. Nevertheless, it should be noted that the main
regulatory aspects of aFRR market design have been disregarded for the purpose of this analysis because
they are currently not well-suited for DER. Besides the technical pre-qualification requirements which have
not been considered, the actual bidding portion between up and down capacity (i.e. 2/3 and 1/3,
respectively) on the regulation band could not be fulfilled by the pool since much more flexibility was
offered up than down. Indeed, this requirement imposes a barrier on the participation of demand response
in general since the provision of downward capacity by consumers implies that whenever aFRR is activated
downwards, they have to increase consumption – something which is challenging for many loads and can
be expensive, depending on the network tariff that applies during the delivery period.
Based on the CBA results and sensitivity analysis performed, the Table 27 summarizes the aspects explored
for cluster 04 that had the most significant implications on the economic scalability and replicability.

Table 27: Aspects explored for cluster 04 that had the most significant implications in the economic scalability and
replicability.

•

Balancing remuneration scheme (and other regulatory aspects
concerning the market design such as qualification requirements and
bidding relation between upward and downward capacity).

•

Competition in the balancing reserve market – measured by the
indicator annual ratio, in our analysis. If there is a high availability of
reserve (low ratio), the likelihood of being mobilized is lower and viceversa.
Price of balancing products

Primary KPI

Secondary KPIs
•
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3.4.3

Regulatory SRA

Differentiating from cluster 03, the regulatory replicability of cluster 04 is focused on the demand response
(DR) participation of commercial buildings in the aFRR market11, and the aggregator is not the VPP, but the
retailer. As mentioned in section 3.3.4, the regulatory topics are the same as for cluster 03, but the focus is
slightly different, what proved to lead to very different results.
For the analysis of cluster 04, the main lesson learned was the impact of regulatory characteristics over the
economic scalability and replicability potential. In addition to that, the analysis of these two clusters showed
the fast pace in which regulation is changing with regards to balancing market designs and aggregation. In
part, this can be explained by the adoption of the Network Codes and Guidelines, currently being adopted
at the national level. Specially regarding balancing products, several countries analysis had recent changes
or are currently going through changes. Balancing markets is also a topic that see a closer EU regulation, as
a fair degree of harmonization is necessary to accommodate the pan-European balancing platforms and
integrate balancing services across countries. Aggregation rules, although not harmonized at the EU level,
is also going through changes rapidly, as it is seen by countries as a necessary enabler for the participation
of demand response in balancing markets.

3.5 Non-clustered HLUCs
This section includes an overview of the HLUCs that were not included within the clustering process. Since
the SRA was not performed for these HLUCs, the lessons learned were obtained from the respective demo
experiences directly.

3.5.1
HLUC03: Health diagnostics and preventative
maintenance
This HLUC aims at using big-data analytics along with intelligent scheduling techniques to improve
distribution-grid reliability indexes. Since more information is expected to be gathered through the use of
advanced metering infrastructures, while supported by the integration of ICT, it will be possible to attain
an active posture towards a preventive management. In this regard, vital information for important
network assets (e.g., historical oil temperature of transformers, number of short-circuits sustained, number
of changes in control) is collected and processed through tools that can diagnose and assess the current
technical conditions and trigger probabilistic alarms to (re)schedule maintenance actions. Based on the
aforementioned demo implementation, a summary of the lessons learn is shown in Table 28.

11

Although the economic SRA considered both mFRR and aFRR markets, in the regulatory replication analysis, the
focus was on the aFRR, to offer a contrast between clusters 03 and 04.
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Table 28: Summary of lessons learned for HLUC03

Scenario

Lesson learned

Health
indexing

• Health indexing quantifies equipment condition based on several condition criteria
that are related to the long-term degradation factors that lead to an asset’s end-oflife.
• The strategy of prioritization of maintenance spending is fundamental to enable a
fact-based management of assets.

Predictive
maintenance
and operation

• A big step to go from predictive maintenance technology to operationalize it with
service engineers in the field to reach the desired end goal.
• The functionality needs to include more network assets such as low voltage systems
with for example breakers, cables and not only the transformers.

Data
collection
Data science
unit
requirement

•
•

Standardized data collection should also be embraced by the manufacturer.
Monitoring capabilities are not the same across different networks and even
countries. This is reflected in the number of network sensors in the grid and
monitoring the power in transformers

• The use case demonstration highlighted the need for DSO data science unit that is
able to create actionable intelligence based on the increasing amounts of data
generated.

3.5.2
HLUC04: Fault Location
management (Fault indicators)

and

work

fault

HLUC04 develops a process which was used to optimize restoration and repair actions of unplanned
outages based on pre-fault data collected from sensors, on remote equipment diagnostics, and on historical
data collected from smart secondary substations. Additionally, a historical database with details of past
interventions was used in order to enhance the awareness of decision makers. Unplanned outages can be
caused by incidents, such as traffic accidents, power lines’ damage due to snowstorms and/or high winds,
etc. The analysis was conducted through the use of distribution reliability KPIs, such as the System Average
Interruption Duration Index (SAIDI) and the Customer Average Interruption Duration Index (CAIDI) in order
to assess whether the performance of the network was improved. Based on the outcomes of the
demonstration, a summary of the lessons learned can be seen in Table 29.
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Table 29: Summary of lessons learn for HLUC04

Scenario

Lesson learned

Staff training

• There is a need for training existing staff and making the user experience simpler for
them to utilize the fault location, isolation, and service restoration tools in the
advanced distribution management system.
• Staff that are accustomed to the current systems, have a steeper learning curve, to
relearn their current standard operating procedures that the new system requires of
them.

Automation of
• In the future the fault location should be automated.
fault location
•
Network
equipment
upgrades

•
•

It is challenging to change equipment set up only to 2 % of the assets in relation to
the older 98 % of assets where there is significant field experience that this has been
based on so far.
It takes time to put in operational work new routines and to handle new technology
in the field.
The 3-year evaluation period was favourable for the evaluation and maybe an even
greater area and an even longer evaluation period would be better

3.5.3
HLUC07: Produce and manage regulated
flexibilities from DER to optimize operation and costs
Although this HLUC is not strictly considered, partially its outcomes and lessons learned are produced from
the clustered ones, as the clusters use and activate the flexibilities which are explored. In this case, to ensure
their validation, the DSO quantifies and qualifies various flexibility operators, to ensure compliance, and to
validate DSO models regarding capacity and other operational parameters used. From the point of view of
the aggregator, it needs to be additionally ensured that the flexibility operator has the adequate
communication technology to enable reliable remote activation upon request.
On the one hand, with regard the quantification and qualification, what has been observed in this HLUC, is
aligned with clusters, 01, 02 and 03, as proper data gathering and specially its transmission are necessary
to provide the DSO with the latest and most relevant information. Having a central platform, such as the
grid-market hub, simplified the exchange process with aggregators as all comply with the set of standards
used for their communication.
On the other hand, flexibility operators have been performing massive testing at the field side, to ensure
they have covered and have proper communication to activate, upon request, the required flexibilities.
Many tests are described in [REF D4.3] and their services explored through the ICT analysis in the main
clusters, 01, 02 and 03. Hence, to not reiterate what is has been previously explained, the general cluster
finding regard from the ICT, also applies to this HLUC.
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3.5.4

HLUC06: Grid and market hub

The main outcome of HLUC06 is the Grid and Market Hub (gm-hub) Platform, unlocking a neutral data
aggregator and data exchange hub across stakeholders in the ecosystem. The concept behind this HLUC is
focused on enabling a central and unique trust hub, where stakeholders can attach and engage in several
business use cases by exchanging data. Relying on a unique contact point which simplifies the data
exchange process, as it drastically reduced the effort required to adopt multiple custom protocols between
several parties, and for a common purpose. Therefore, the Grid and Market Hub abstracted and installed a
set of common services that serve multiple stakeholders. This provides to some reach, a common
interoperability level between stakeholders in the ecosystem. This concept is based on a common
mechanism for authentication to which all stakeholders need to comply. Together with the common
features made available by SAP Cloud Platform, the Grid and Market provides a “always available” service
that can cope with high rates of requests per minute and with almost negligible downtime and highavailability guarantees.
Another point of view considered was the provision of traceability for data exchange centred on the
consumer, enabling data sharing to be bound to consumer consent and unlocking new data driven business
models. Moreover, a set of data driven advanced services also provided new analytical capabilities, allowing
consumers to take new insights regarding their energy efficiency, as successfully demonstrated in Portugal.
The set of services made available ranged from Forecasting services to Flexibility data exchange and other
advanced services that enabled grid control. Even though the Grid and Market Hub concept could be
included in the scope of the DSO, the demonstration allowed to highlight its neutral role, considering the
DSO as regular stakeholder for enabling data exchange, which in this case focused on acquiring metering
data and taking part during in the validation of grid centric data to unlock grid management.
The Grid and Market Hub and its agnostic concept to data, unlocked the possibility for public cloud
providers to be considered in the future for hosting these types of applications. This was possible as the
Grid and Market Hub was designed as data proxy, not storing business-oriented data nor consumer data
that could be used for identification, bypassing some key concerns regarding privacy on these platforms.
The roll-out of the Grid and Market Hub platform showcased medium complexity development. The major
hurdle came to play during integration of common functionalities from cloud providers, such as user
identification, deployment and environment configurations and equivalent. This was mainly due to lack of
poor documentation which harmed the overall deployment process. Even though effort was expected on
this front, the level of customization will harm a smoother change for a distinct cloud provider.
Nevertheless, the Grid and Market Hub proved to be a successful good for data centric exchange,
showcasing no scalability problems, nor denial of service.
From the perspective of external services connecting to gm-hub, the Application Programming Interface
(API) solution was a rather elegant, efficient and replicable solution to access securely clients’ data.
Consumption Profile for Service Enhancement and Residential Energy Resources Sizing external services
used this API solution.
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3.5.5
HLUC11: Engage consumer in demand side
management programs
HLUC11 aims to provide an introspect into the engagement of customers which participate in demand side
management (DSM) programs located at the residential level. This is achieved through the implementation
of feedback-based intervention strategies where the objective is to investigate how the influence of
residential attitude, interactions and behaviours affect the overall energy consumption within a network.
Due to the increase in penetration of flexible devices within modern households, the increase in demand
flexibility with respect to customers receiving different types of demand side incentive signals i.e. price and
environmental signals is also explored. The main objective of incorporating these customer engagement
programs aims to reduce the overall electricity consumption through the use of these techniques. In this
regard, the SRA study provided a qualitative overview of how these factors impact the networks on a larger
scale, when an increased number (ranging from 10% to 100%) of customers participate in demand side
management and customer engagement programs [REF D8.1]. The analysis incorporates the results based
the study on various influencing factors was performed in order to identify which factor exhibits the
greatest influence on the overall electricity consumption within the network (A. Nillson, D. Lazarevic, N.
Brandt, O. Kordas, 2018).

Impact of customer demographics
The investigation of customer demographic based on household type consisted of three demographic
groups, single, couple and family households. The results of the simulations show that single households
exhibit the most significant effect with respect to reduced network consumption. This is due to the number
of single households in a typical network being larger (e.g. 50%). Additionally, single households are
considered to be more flexible in altering their domestic activities. DSOs should therefore focus on the
primary target demographic type when implementing HEMS devices within their networks. However,
although family households are considered to be the least flexible in consumption reduction (due to
household routines when catering for children), their impact should not be disregarded since family
households are the largest consumers of electricity.

Impact of signal type
This scenario investigated the influence of the type of signal, either price or environmental, provided to the
HEMS device in order to identify whether the response rate is affected and therefore analyses the overall
impact on the network. In general, it was shown that a larger reduction of consumption is achieved through
the use of a price signal and that the responses to the environmental signal are somewhat volatile. Despite
this, the environment signal showed significant potential in the maximum response scenario and it is
expected that customer responses will become more predictable as they become increasingly more
environmentally conscious. It should also be noted that the results of the analysis showed that in some
cases the customer response resulted in an increase in electricity consumption (i.e. a negative response to
the signal). In such cases, the DSO would need to consider the capacity of the substation transformer and/or
the network in order to avoid loading and voltage violations.
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Impact of number of households with HEMS
This scenario explores the effects of increasing the number of households equipped with HEMS devices. In
this scenario, the number of households was increased from 10% to 100%, which is representative of the
minimum and maximum penetration of devices respectively. As expected, the increase in the number of
households equipped with HEMS facilitated the decrease in the overall network consumption. Therefore,
the DSO should encourage the deployment of HEMS to as many customers as possible.

Impact of response rate
Due to the nature of human behaviour, this scenario investigated the impact of the response rate of
customers over time. The aim of this scenario was to observe the impact on the network when customers,
although equipped with HEMS devices, no longer participate in demand side response initiatives (e.g. due
to lost interest, ‘move in effect’ etc). The results clearly showed that in order to maximize the full potential
of the HEM devices it is imperative that customers are fully engaged in DSM initiatives. Therefore, DSOs
should ensure that DSM incentives are easy to follow and not disruptive to customers as far as possible
such that these programs are sustainable. Additionally, long term programs and future incentives (e.g.
Bonus received after 5 years of reduced consumption) should be incorporated in order to ensure that
households remain engaged for longer periods of time

Best and worst case mean change in electricity consumption
In this scenario the best and worst-case scenarios were considered, by incorporating the highest and lowest
degree of influencing factors mentioned in the previous scenarios. The best-case scenario considered that
all customers were equipped with HEMS devices and they are assumed positively respond to their
respective demand side management signal. On the contrary, the worst-case scenario accounts for only
10% of households equipped with HEMS in combination with only a 10% response rate. These two cases
are considered to be a representation of the maximum and minimum potential benefits of incorporating
customer engagement programs. As expected, the maximum amount of energy reduction is achieved when
all customers are equipped with HEMS and that they are fully engagement in the DSM program responding
positively to signals as required.
A summary of the lessons learned for HLUC11 is consolidated in Table 30.
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Table 30: Summary of lessons learned for HLUC11

Scenario

Lesson learned

Customer
demographic type

• Single households account for the largest percentage of customers
• Single households are the most flexible and able to respond to DSM
• Family households are largest consumers but are less flexible

Signal type
(Price vs
environmental)

• In general, the price signal results in the largest decrease in consumption
• In extreme case, the environmental signal results in decrease in consumption
• Response to the environmental signal is expected to increase as customers are
becoming more environmentally conscience
• If there is a negative response to either signal, the consumption of customer
increases and may result in network violations

Number of
households with
HEMS

• The higher the number of customers with HEMS the larger the decrease in
network consumption

Response rate over
time

• Customers need to remain fully engaged in the DSM program in to receive
maximum benefit
• DSOs need to ensure DSM initiatives are sustainable and not disruptive to the
customer
• DSOs should invest in long term incentive strategies which engage customers
for a longer period of time

Best and worst-case
scenario

• The best-case result is achieved when all households are equipped with HEMS
device in combination with a high response rate
• The worst-case result is obtained when there are fewer household with HEMS
and in combination with a low response rate
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4 Best practices for replication
In order to maximise the benefits of smart grids and their associated technologies, utilities need to ensure
that the best practices (both local and global) are followed in order to ensure the successful operation of
the electrical network. Various documentation with respect to the deployment of smart grid technologies
and road maps have been published, such as in (World energy council, 2012), (A. Asthana, A. Booth and J.
Green, 2010), (Technology Platform Smart Grids Austria, 2015) and (International Energy Agency, 2011))
and have been utilised as the basis within this document.
Additionally, the results of the SRA, the lessons learned, and the identified best practices were presented
at two online webinars at which various stakeholders were present. The inputs from the stakeholders were
collected during the webinar through interactive polls and additional questionnaires which have been used
for the refinement of this section. Their participation and comments assisted with the development of this
section, as their external views to the project was extremely useful to understand how the information
presented and specially the replication paths and roadmap can be enhanced. Thus, their feedback, has
already been adopted within this section. Nonetheless, a summary of the questionnaire and consolidation
of results can be found in the Annex I.

4.1 General guidelines
The roadmap to reality ensures the successful deployment of smart grid technologies and is vital for the
successful operation and optimization of electrical networks. In particular, the best practices attained from
various SRA processes allows for the impact of such technologies, based on futuristic scenarios, to be
realised prior to deployment. The following sections provides a high-level overview of the best practices
and guidelines based on the collaboration of standard project management techniques, previous smart grid
projects and stakeholder experience.

Vision and objectives
The vision and objectives derived for the project are vital components in ensuring the success of the project.
The strategy based on various processes is used to consolidate the manner in which these objectives are to
be achieved. This strategy forms the foundation for which the business model and work packages for the
project is developed and is done in conjunction with the adoption of KPIs which can be used to reflect and
evaluate whether the projects meet its objectives successfully. In this respect, it is essential that there are
clear definitions of the use cases which considers the maturity of the technological and regulatory
environment such that each use case is unique. The project’s objectives are to be aligned alongside a clear
set of milestones which are to be set based on a realistic timeline ensuring optimal and efficient execution.

Governance, structure and processes
The success of every project is determined by the ability of all project stakeholders to ensure that the
project’s objectives are met. Therefore, it is necessary that the governance of the project is founded upon
adequate leadership which can provide guidance, clarity and transparency during collaboration. Teamwork
is also an essential component in every project and it is necessary that all stakeholders are able to
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collaborate. In order to facilitate this, various communication plans and strategies that are both clear and
timeous should be established in the earliest phase of the project. Time management and allocations are
used to ensure that project deadlines are to be defined with the continuous evaluation of the project’s
critical path. In doing so, the project’s consortium is able to continuously evaluate the project’s risks
(through the use of a risk matrix) and identify methods to mitigate them accordingly. Resource planning is
also an imperative component for the governance of the project and it is used to determine and display the
required resources (personnel, equipment, finances, materials etc) for the duration of the project.

Stakeholders, project environment and data sharing
After the careful selection of stakeholders, each stakeholder is to be clearly defined along with their
respective roles and responsibilities. Additionally, the costs and benefits for each stakeholder is to be
identified and assessed within the early stages of the project. Stakeholder engagement initiatives ensures
that all stakeholder work is transparent, coherent and to the highest quality. The project environment
evaluation establishes the relationship and expectations between all stakeholders both internal and
external to the project. Since all stakeholders are responsible for the success of the project, it is necessary
that all stakeholders share a common goal and maintain adequate level of motivation for the entire
duration of the project.
A key component of stakeholder participation includes the encouragement and maintenance of maximum
customer participation (especially for technologies that require demand side management). Since public
awareness often presents one of the toughest challenges in the deployment of smart grid technologies
(World energy council, 2012), close relationships and communication with local communities are essential.
Demonstration projects can be used to show the benefits of new technologies and can be implemented in
order to increase awareness and education before large scale deployment. The role out of smart grid
technologies needs to be affordable and, in many cases, customers require subsidies and/or incentives in
order to encourage the adoption of these technologies.

Planning and implementation
The planning and implementation phase of the projects allows for the concepts and ideas to be realised
into the demonstration networks within the project. The planning and implementation phase ensures that
the objectives of the project are achieved within the predefined content, time and budget. The resource
requirements, such as personnel, equipment, finance, technology and materials, of the project are
determined and continuously assessed throughout the duration of the project. This includes the data
collection process which requires that the assessment of data availability and establishment of essential
data repositories whilst ensuring that the data protection regulations are adhered to. The planning process
takes into consideration the long-term strategies which are to be compatible alongside rapidly changing
smart grid technologies. The integration of these new technologies with legacy technologies and
infrastructure should be made to be as seamless as possible. During the planning process it is also essential
that prior knowledge and recommendations based on previous experience is considered.

Compliance, standards and regulations
The compliance component provides a foundation for which the internal and external restrictions placed
upon the project are confined to. Regulations according to legislations as well as established standards and
policies are to be followed to ensure compliance at all time. Regulations pertaining to data privacy and data
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security has also become a significant consideration in the adoption of smart grid technologies. It is
therefore imperative that the protection and use of consumer data is fully aligned according to these
regulations. The inclusion of quality standards and processes for assessment should not be neglected. The
quality of the project is driven by two key components. The first is based upon the manner in which the
project is organised and followed according to the defined processes. Secondly, the successful outcome of
the project based on the project’s objectives can be assessed according the measurable KPIs. It is imperative
that all stakeholders are committed to ensuring that the processes during the project and the outcomes at
the end of the project are maintained to the highest level of quality. Customer satisfaction levels can be
used as a method to evaluate the success of a project and whether the outcomes of the project are of an
adequate quality based on the expectation of the customer. For example, various KPIs were defined in the
project and the consortium of the InteGrid project conducted a series of interviews with demo participants
in Portugal in which users of the HEM devices provided feedback based on their experiences.

Knowledge sharing
The establishment of knowledge sharing platforms in order to ensure that the lessons learned, and
experience gained should be well documented and accessible for all stakeholders and future project teams
who may engage in similar activities. The sharing of this knowledge can take place through various
platforms such as workshops, webinars, conferences etc. Research and development departments also,
amongst others, participate and contribute to the writing and publishing of conference and journal papers
which also allows for the information to be shared, documented and archived. Various international
knowledge sharing communities, such as IEA-ISGAN (International Smart Grid Action Network (ISGAN), n.d.)
and the H2020 Bridge working groups (H2020 Bridge, 2019), have also been established where expert
participants are able to share knowledge and provide guidance to other members on an international scale.
More locally, stakeholders may need to develop in-house training methods and develop manuals in order
to allow for installers and users to be fully knowledgeable with respect to new tools, protocol and methods.
For example, DSO technicians may need to be trained in order to install and commission new tools within
the network or residential customers may require operating manuals which describe how to use new smart
devices in their homes. Furthermore, InteGrid shares current information via its own website (InteGrid,
2017) and social media platforms, where relevant information and public deliverables are shared. InteGrid
has also established itself through participation in various conferences and exhibited at utility weeks within
Europe. Figure 24 provides an overview of the key characteristics which formulate the overall project
guidelines.
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Figure 24: Overview of project guidelines12

12

Icons obtained from https://www.flaticon.com/
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4.2 Replication recommendations
When considering the replication of the offered set of integrated solutions in InteGrid, the scalability and
replicability analysis is a central component for its success. Therefore, it is necessary to offer as part of
general project guidelines, some direct recommendations focused on the overall SRA process to guarantee
a successful scalability and replicability analysis which, consequently, leads to a successful replication.
These recommendations are offered from the general point of view of the SRA and specific for each focus
area identified.

4.2.1 General SRA guidelines
The following general SRA guidelines have been used during the execution of WP8 and includes the internal
lessons learned obtained throughout the project execution with regards to the entire SRA process. The
main guidelines are highlighted as follows:
•

•

•

•

InteGrid

Proper scenario definition, with clearly stated objectives need to be presented in order to achieve
a relevant scope and sufficiently defined boundary conditions. This allows for the area relevant to
each of the stakeholders to be identified. Additionally, the assumptions taken should be based on
realistic future networks or number of devices to capture the “close” to real impact of the scaling
and replication of the smart grid solutions.
The entire SRA process requires a vast amount of time and dedication. Hence, proper tools have
to be available for the SRA team. However, these tools require adequate data for the different
analyses. Thus, providing open data access and tool access increases the chances of capturing the
real impact of the analysis into the different networks.
Due to the complexity and large possibility for different scenarios, focusing on worst case
scenarios, can assist in the observation of extreme impacts. Nonetheless, is not always necessary
to evaluate worst case scenarios, this should be consented with the participating stakeholders
From the project management point of view, there are two clear recommendations.
o The entire process is complex and time consuming, hence there should be enough
resources to produce a high-quality outcome.
o Coordination between the different focus areas (if applied) is mandatory. There are many
interactions which require clear communication and coordination in order to produce a
high-quality analysis. To facilitate the communication flows, the coordination of
workshops and the adoption of agile methodologies for project management by
establishing bilateral periodic meetings are recommended.
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4.2.2

Functional SRA

The functional oriented SRA has covered a wide variety of scenarios and has dealt with many smart grid
functions. This has proportionated a large pool of information to be analysed and further interpreted. The
list of recommendations has been aggregated into five relevant categories, which can serve as the main
points to consider in a functional SRA with regard to InteGrid’s smart functions.

Network characteristics
•
•
•

•

Network modularity, MV vs LV, should be established to clarify smart grid functions dependencies.
The network type, such as rural vs urban, resistive vs inductive etc should be known as it plays an
important role in the outcome and performance of the specific smart grid tools (MPOPF, LVC and TLS).
A hosting capacity analysis is recommended in order to identify the current status of the targeted
networks. This is necessary to understand the current violations if they were any, their location and
potential future ones.
In the case that no network violations exist, although the MPOPF does not provide any control actions,
it is recommended to use this smart grid tool to minimise network losses.

Data characteristics
•

•
•

The data availability concerning system operators and aggregators allows for the scenarios to be
envisioned. Although it was shown that in some cases, the data availability did not drastically hinder the
functionality of the smart tools, it did however, have an impact on the forecasting tool. It is, therefore,
recommended that the access to relevant data is provided and that it is both accurate and complete as
far as possible to ensure that forecasts can be done precisely.
Building characteristics and constraints are to be defined appropriately to get representative
temperature and active power characteristics when compared to real measurement data.
Building models must be of higher order and the optimization solvers should be able to handle the higher
model complexity with speed and accuracy to compute the optimal setpoints for a pool of buildings.

Smart solutions, network intelligence and system integration
•

•

•
•

An increase of RES penetration results in more voltage variations requiring an increase of additional
resources to ensure safe control as the OLTCs could not change their set-point at each hour (due to
component wear). Additionally, the OLTC position, should be known and made available to the smart
grid functions.
In some cases, the flexibility available proved to be insufficient to solve the network violation. This
indicated that in the case when typical approaches are not available (e.g. OLTCs at the primary
substation could not be able to solve simultaneously an undervoltage and an overvoltage in different
feeders), external flexibility is needed.
The location and availability of flexibilities within the networks is key to the successful integration of
the smart tools.
In the case of increased network injection on the MV grid leading to inverse-power flow occurrences,
it is recommended the installation of ESS such that they can be charged during surplus energy
conditions. In this case, the MPOPF can be used to successfully control the SoC of the battery.
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•

•
•
•

•

It is recommended that customers located at the end of the feeder in LV resistive networks are
equipped with HEMS in order to ensure optimal use of the LVC when solving local network congestion.
In the case of inductive networks, it is recommended to ensure that maximum customer participation
is obtained in order to ensure successful operation of the LVC
The use of dynamic pricing schemes integrated with HEMS should be implemented as far as possible in
order maximise load shifting.
DSOs should encourage the implementation of household PV generators, facilitating self-consumption
in order to reduce peak load and decrease the overall load on the network.
During the implementation of building optimisation functions, possible temperature extremes should
be analysed and accounted for in order ensure that the computation time to solve the optimisation
problem is within limits.
Before the activation of flexibilities via the TLS, it is recommended to ensure that the capacity of the
primary substation transformer is not exceeded

Operation priority
•

•

Quantify fairness of flexibility operation should be clearly established based upon a merit order which
takes a cost function into consideration. This is to be assessed in conjunction with the economic
evaluation:
o Resource type: Priority is given to DSO-owned resources (transformers with OLTC capability,
followed by energy storage devices), instead of the flexibility from domestic clients via their
HEMS;
o Electrical distance to the voltage violation node: Priority is given to resources located in the
same phase that are closer to the voltage violation node;
o State of Charge (SoC): In case of overvoltage, devices with a lower SoC are prioritized; in case
of undervoltage, devices with higher SoC are prioritized;
o Contract characteristics: priority is provided according to an agreed contract
When flexibilities are dispersed within the network, the effects of network losses are to be accounted
for prior to flexibility activation in order to ensure successful implementation of the TLS. In this case, it
is recommended larger flexibilities located closer to the substation are activated first.

Customer participation (HEMS)
•

•

•

In general, is it recommended that the DSO encourages the active participation of customers
through the use of HEMS. To achieve this, it is recommended that the DSO allows the customer
equipped with HEMS, which should be reasonably priced, to select the signal type (price Vs
environmental) best suited to the customer, although price signals tend to be better understood.
With respect to customer demographics, it is recommended that DSOs implement specific
household type incentives which is able to cater for the different households independently whilst
having a global impact on the overall consumption within the network. Although the regulations
may consider this approach to be somewhat discriminatory, it is encouraged that the policy takes
these findings into consideration and adapts accordingly.
DSOs should ensure that DSM incentives are easy to follow and not disruptive to customers as far as
possible such that these programs are sustainable. Additionally, long term programs and future
incentives (e.g. Bonus received after 5 years of reduced consumption) should be incorporated in
order to ensure that households remain engaged for longer periods of time.
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4.2.3

ICT SRA

The set of recommendations which are provided in order to handle and ensure scalability but also
replicability when it comes to communication network infrastructures has been derived from the lessons
learned. In this sense, it is necessary to remark that when conducting an analysis of an entire
communication network, it is always necessary to set up boundaries of how the analysis is conducted. In
the case of InteGrid, a network simplification representation such as the SGAM, provided the perfect
solution as it was the necessary compromise between a technical holistic analysis and its complexity. Hence
in order to guarantee the successful scaling of a communication network applied to energy services, the
following main recommendations are given.
•

•

•

•

•

•

•

Correct dimensioning of the technical devices which support the main communication
infrastructure. There are three main locations to check, as it has been done in the analysis. The
internal input and output handler at the VPP or the DSO side, the substation (RTUs, DTCs, etc.) and
at customer premise, smart meters and other devices, such as HEMs. The correct dimensioning of
these devices can be focused in two main aspects, storage offered in the devices and autonomy of
the device to work when either the system is down or there is a power outage.
Correct scheduling at the substation for forwarding devices. It is a tendency that many services run
on top of the main substation devices, RTUs, thus their prioritization and proper scheduling of
services aids the scalability process and correct performance.
Interoperability is especially key for scalability but also replicability. From a scaling point-of-view,
the more interoperable a device is, the more options to have less complications when more
manufactures are added to the network as they will be able to work in synergy. Close to it, from
the replicability point of view, it creates no vendor locking, hence when the same concept wants to
be replicated in a different location, since several connections are possible, not only one unique
protocol or set of protocols have to be used. (European Smart Grids Task Force (EG1), 2016),
(European Union, 2017) and (C.Greer, D. A. Wollman, De. E. Prochaska et al, 2014). It is necessary
to remark, that legacy systems need to be integrated with new systems, forcing interoperability.
Plug-and-play is always recommended when it comes to both scalability and replicability. The
essence of a plug and play is to achieve, through an automated process, the insertion of new
components into the architectures in quick manner. This is especially interesting for the DSO for its
current SM roll-out but also for the VPP as then they each have modular solutions.
Cybersecurity is likely to be the key for future networks to focus on, since more devices are
interconnected, and service are connected through Internet platforms. Hence it is always
recommended to follow the industry and expert’s conventions. With regard to power systems,
these can be obtained for example from NIST (National Institute of Standards and Technology,
2018).
From the point of view of communication networks, it is recommended new technologies such as
4G or 5G when it comes to wireless and XDSL or fibre when it comes to substation metering being
pushed to the DSO, as these make the architecture expandable, able to deal with more data and
long lasting. Nonetheless, their range should be considered.
Microservices using virtual environments and scaling machines will be the correct approach for the
internal services and tools provided either at the DSO or VPP level, since then they can be optimized
based on the current load and scaled on demand.
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4.2.4

Economic SRA

The economic SRA has several dependencies based on the outcomes obtained from the analysis of the
other focus areas (functional, ICT and regulatory), which essentially provided inputs to the economic SRA.
For instance, with respect to replicability, the regulatory analysis contributed with information on
regulation for Portugal and Slovenia that was crucial to assess if the business models hold interesting from
country to country. Another source of input was based upon outcomes of the functional-oriented SRA. The
KPIs, computed in their scope of work, that could be translated into quantitative (monetizable) benefits
have been used as a basis for calculations performed under the economic SRA. Therefore, given their
implications in this analysis, the recommendations are presented here, besides economic, also concern
technical and regulatory aspects, especially those addressed and identified in the lessons learned. It is
recommended to perform the following:
•

•

•

•

•

Prepare a detailed list of the implementation expenditures under normal and scaling scenarios,
including not only the costs of the new tools but also any upgrades to existing software and
hardware components, required to enable not only integrated operation of InteGrid tools but also
adequate integration with existing systems.
Perform dedicated studies to understand the best technical-economic options. It is important to
account for the grid characteristics and the potential amount of technical problems arising in real
implementation of clusters 01 and 02, since these are what truly impacts their economic interest.
The type of resources applied for the optimization and voltage control and their locations are also
very important, as shown by our analysis.
Getting to know the regulation of each region/country in detail to determine whether it is fit for
the application of InteGrid solutions, potential barriers and if/how it is possible to overcome them.
As observed for new market agents participating in the present balancing markets (addressed in
clusters 03 and 04), unsuitable regulatory dispositions/local market designs can considerably
jeopardize the economic interest of solutions. On the other hand, regulation can be a driver for the
adoption of new technologies such as HEMS.
Deploy InteGrid solutions into large-scale, since economies of scale can, generally, be achieved. The
analysis showed that without a significant increment in costs it is possible to have a great increase
in benefits, as a result of applying the same solutions to more users/networks. In fact, increasing
scale can be a condition for economic feasibility.
Considering implementing more than one cluster to the distribution business, as the costs of certain
solutions can be shared/distributed amongst applications. This is the case of the gm-hub platform,
which is in the core of the InteGrid concept and is common to all clusters. This would translate into
a better overall economic outcome.
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4.2.5

Regulatory Replicability

The regulatory replicability is somewhat different from the functional, the ICT and economic SRA,
considering that regulation is given, and the interested party is limited to the analysis of how compatible a
solution is in a certain country. Therefore, some of the best practices for the regulatory replicability analysis
process are listed below:
•

•

•

Consider not only the already published regulation, but also other initiatives from the regulator
such as pilots, sandboxes or public consultations. These initiatives can not only show the most
probable direction in which regulation is heading, but also gives an opportunity to participate in the
regulatory process to some extend (through public consultations, for instance).
Consider the effect that regulatory characteristics may have over other parts of the overall SRA
(functional, ICT and economic). The analysis carried out in InteGrid showed that the function of the
regulatory replicability can be twofold. Firstly, it assesses whether a solution is compatible or not
in a given country from the regulatory standpoint. Secondly, it may inform the other focus areas of
the SRA on regulatory conditions that may have an impact.
For regulatory replicability to be possible, regulation must not only allow the implementation of
the new solution, but also provides the required framework for it to be implemented. A clear
example is the independent aggregator role in many countries. Although many regulatory
frameworks already allow for independent aggregators to participate in energy markets, a lack of
definitions regarding balancing responsibility, interactions with suppliers/BRPs, and
prequalification and communication needs are often the case, limiting the practical possibilities for
replicability. Therefore, an overall maturity assessment is necessary.
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5 Replication paths and roadmap
This section describes the identified replication paths. Smart grid solutions are a collective solution which
consider different aspects. Thus, based on the SGAM framework and the identified focus areas, each focus
area offers its own replication path and key concepts for the cluster replication.
Nonetheless, before the replication of smart grid functions within a network, it is important to establish the
current state/maturity of the network in order to assess whether their integration is feasible for both short
and long-term operation. By conducting this prequalification assessment, network owners are able to
establish whether there is the need for smart tool integration and identify whether their networks qualify
for the replication process. In this regard, the network owner can take the relevant actions required to bring
their network to a reasonable state of maturity, if necessary. Therefore, two key questions identified are:
•
•

Does the network operator/owner require the replication of the cluster in order to implement the
associated tools? (i.e. is there a need)
Has the network operator/owner fulfilled the necessary minimum requirements in order to ensure
successful replication?

Based on these questions, the prequalification process allows for the network owner to make an informed
decision whether to proceed with the replication process. In this regard, the network owner is then able to
assess the condition based on a replication process which takes into consideration the specific concepts
from each focus area.
For each of the focus areas, a process flow is described, identifying the different replication paths. This
process allows for the minimum requirements for successful implementation of the smart functions and
tools developed within InteGrid, to be identified. Additionally, a check list is used for the evaluation of
context factors which may affect the replication process and implements a process for a mitigation strategy
in order to assist in the successful replication for each cluster.
The development of the process also considers the contributions attained from the stakeholder
consultation engagement. This engagement has been done through two webinars formats, due to the
global pandemic of COVID-19. These two webinars have been used to engage EU external stakeholders
from countries which did not participate directly in InteGrid as project partners and stakeholders beyond
EU as smart grid solutions are globally adapted. For this second webinar, the ISGAN network (International
Smart Grid Action Network (ISGAN), n.d.) has been used as an international connection and publication
platform. During the webinars, the replication path approach was presented, and positive feedback was
received, as the aim to offer a clear step by step process was achieved.
Lastly, the final roadmap for replication is presented. A more detailed description of these replication paths
is provided in the subsequent sections.
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5.1 Functional
The functional replication path approach has been designed to provide a generalised approached which
can be applied to each of the clusters within InteGrid, with the intention that this process can also be
applied to the future SRA of these smart grid function within any other network. An overview of the
replication process for the functional replication path is shown in Figure 25.

Figure 25: Replication process flow for the functional SRA

The first activity is to identify the functional cluster to be replicated, which in turn allows for the relevant
smart grid tools associated within the cluster to be identified. The minimum requirements and check list,
which contains the criteria needed to be fulfilled in order to ensure the successful replication, is then
assessed. This includes the establishment of the respective actors which are required, along with their
associated smart tool requirements. Furthermore, the establishment of the boundary conditions is
obtained through the identification of the possible barriers. Once the checklist process is completed, an
analysis is performed to assess the degree to which these requirements have been met. If the checklist
criteria have been adequately fulfilled, the functional SRA is performed. During this process, possible
roadblocks are identified and assessed whether they can be overcome. In the case of non-compliance, the
SRA process is further reviewed in order identify whether is it possible to eliminate the roadblock and/or
adjust the network a way such that the requirements are fulfilled. In the case when the possible adjustment
cannot be achieved, the outcome of the replication process is considered to have no replicability success.
On the contrary, if all the requirements can be successfully achieved, the best practices and guidelines
based on the outcomes of the lessons learnt are to be followed. Further to this, the degree to which the
best practices are followed can determine the degree to which the replication process is considered as
successful. The replicability success rate ranges from low to high and is dependent on the degree of which
the recommendations were followed.
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5.2 ICT
The ICT replication path approach has been designed to provide a generalised approached which can be
applied to each of the clusters within InteGrid, with the intention that this process can also be applied to
the ICT SRA of these smart grid function within any other network. An overview of the replication process
for the ICT SRA is shown in Figure 26.

Figure 26: Replication process flow for the ICT SRA

ICT replication mainly focuses on the integration of different actors or participants into the network
infrastructure. Hence, it is always necessary to understand the current communication infrastructure and
to check the integration of AMI devices, flexibilities and have a holistic view of the system. Each cluster
presents specific connections which have to be satisfied in order to replicate the solutions. In the case of
InteGrid’s set of solutions deployed in each cluster, the replicability analysis conducted in WP8, and
published in the public official documentation from InteGrid, in [REF D8.1], provides all the necessary
alternatives for the main connections of each cluster, in case the used ones officially were not possible to
replicate.
Once the minimum requirements are satisfied, performing the ICT SRA provides extra information of the
future status of the integrated solution (depending on the cluster). If constraints during this SRA process
are found, additional adjustments, which update the current network shall be taken. If congestion, barriers
or constraints are not adjustable, the replication will have found a heavy roadblock, thus not being able to
replicate the solution. On the contrary, if no roadblocks or after their adjustment in addition to the best
practices offered in this document are followed, its replication success shall be guaranteed. The degree of
success is dependent on the degree of implementation of the recommendations.
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5.3 Economic
The economic SRA replication path approach has been designed to provide a generalised approached which
can be applied to each of the clusters within InteGrid. An overview of the replication process for the
economic SRA is shown in Figure 27.

Figure 27: Replication process flow for the economic SRA

The first activity of the process flow is the definition of the real implementation circumstances. Depending
on the cluster, this entails assessing one or more of the following topics since the results will be used as
inputs to the economic analysis. Technical conditions of the networks (e.g. (stress/non-stress by RES) and
ICT systems (fulfilment of requirements); regulatory framework in place - Full characterization, very precise
understanding on the potential impacts and country’s macroeconomic, social and policy aspects Qualitative and quantitative appraisal.
The next step comprises of the economic SRA. Besides creating relevant case studies and defining the
boundary conditions based upon the previous assessments, benefits are mapped and monetized, costs are
quantified under normal and scaling scenarios and the main beneficiaries involved are identified. Finally,
benefits should be compared against costs, in order to evaluate the cost-effectiveness of scale increase and
replication, not only from an overall but also from the perspective of each stakeholder.
If the economic indicators result is negative (overall point of view) and no adjustments are possible, there
is an indication that this may be a case with no replicability success. By adjustments, the overcoming of
potential barriers identified is referred. On the contrary, if the economic indicators result is positive, a
sensitivity analysis should be carried out to account for the uncertainty introduced by the input variables.
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Depending on the degree of variation of the outcome as a consequence of either a particular or more than
one input change, the success of replication can be limited. If there is a great variation, namely driving the
result to the negative field, the risk of deployment can be regarded as significant and the possibility of
achieving replicability as low. If there is a moderate variation, there is a reasonable chance for the cluster
to be replicable. In case the result holds robust towards input changes, the replication has a high likelihood
of being successful.

5.4 Regulatory
The regulatory replication roadmap path is a two-step process. Firstly, for any given solution or set of
solutions (cluster), a regulatory checklist is proposed. The objective of this regulatory checklist is to identify
potential “roadblocks”, meaning regulatory conditions that impose a clear and hard-to-overcome barrier.
One example would be the replication of a VPP within a country that does not allow aggregated resources
to participate in balancing markets (clearly stated in regulatory acts). If roadblocks are in place, the only
possibility of replicability would be in the case of regulatory changes in the future, or participation in
pilots/sandboxes in that country. An overview of the replication path for the regulatory focus area is shown
in Figure 28.
Replication Cluster
X

Are changes
accepted?

Yes

Regulatory
checklist

Yes

Roadblock?

No
Assess
Regulatory
Maturity
NO

Maturity

No
replicability
potential

Low

Medium

High
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replicability
potential

Medium
replicability
potential

High
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Figure 28: Replication process flow for the regulatory SRA

In the European context, regulatory changes are expected for many topics related to distributed resources
and flexibility, as the Clean Energy Package starts to be transposed into national legal acts. Additionally,
these topics are also in line with national decarbonization target. Besides that, national regulatory
authorities may also provide the opportunity for limited regulatory relaxations for demonstration purposes,
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the so-called regulatory sandboxes. This is another possibility for a solution facing a roadblock to be
deployed in a certain country.
Box 1 (Figure 29) exemplifies what a regulatory checklist could look like. The examples are gathered from
the work done in the regulatory replicability analysis of InteGrid, and are not exhaustive, but rather
illustrative.
Box 1: Regulatory checklist
Clusters 01 and 02:
•

•
Are DSOs legally entitled to procure flexibility from local resources?
Are taxes and/or other regulated charges distorting flexibility incentives embedded
in the tariffs, preventing residential consumers to adopt the HEMS altogether?

Clusters 03 and 04:
•
•
•

Are balancing markets open for demand-response participation?
Is aggregation of resources allowed in balancing markets?
Are different types of DER aggregation allowed (cluster 3)?

Figure 29: Regulatory replication checklist

If no major roadblocks are in place, the regulatory replicability analysis can move to the maturity analysis
phase. In this phase, the national regulatory frameworks will be analysed in order to assess how replicable
a certain cluster is. As mentioned in the lessons learned section, regulatory replicability is not always binary,
but falls into a gradient ranging from less replicable to highly replicable. Although legal acts may allow for
certain solutions to be implemented, several other regulatory aspects may jeopardize the overall potential
of replicability. A clear example is the independent aggregator role in many countries. Although many
regulatory frameworks already allow for independent aggregators to participate in energy markets, a lack
of definitions regarding balancing responsibility, interactions with suppliers/BRPs, and prequalification and
communication needs are often the case, limiting the practical possibilities for replicability. Therefore, for
this maturity assessment, a maturity level is proposed, as shown in Table 31.
Table 31: Definition of regulatory maturity levels

Finally, it is worth mentioning that this analysis has another important function other than the regulatory
replicability analysis, namely, to inform the other areas of the SRA. Many parameters, necessary for the
other SRAs (especially the economic SRA) are set by regulation, as well as market design characteristics.
Therefore, after the conclusion of the regulatory replicability analysis, parameters and conditions gathered
can serve as an input for the other SRA areas.
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5.5 Summary of all replication paths
In order to ensure the successful implementation of the smart grid functions within the network in which
the implementation is to be replicated, it is essential to consider the process flows from each of the focus
areas in a holistic manner. Figure 30 represents the combination of each of the replication paths attained
from each of the four focus areas (functional, ICT, economic and regulatory).
The successful replication of one focus area does not necessarily translate to the successful replication of
the entire implementation of the smart functions. Ideally, if all process flows achieve a successful
implementation status, then the successful replication within the network can be guaranteed. In the case
where one (or more) of the process does not achieve any replicability potential, then the replication process
is consequently not achievable. However, in general, the combination of the degree of success based on
the individual processes should be evaluated and applied according to the specific application in which the
replication is to be achieved. Since the importance or impact of each process may vary (or not) according
to network operator, network type, network age, network location etc., the degree of success of the overall
process is to be evaluated accordingly.
Nonetheless, it is necessary to remark, during the consolidation of the results obtained from the webinars,
with regard to replication, it was perceived that in order to really fulfil a successful replication, regulatory
will play a larger role in determining the overall successes as it is seen as the main barrier when it comes to
replication. This is based on the idea, that regulation dictates how flexibilities and how they are translated
into services and products in the markets, where a lack of them, will not incentive its adoption as it is
necessary that regulatory changes, foster flexibilities.
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Figure 30: Summary of all replication paths 13

13

Image adapted from https://www.presentationgo.com/?s=puzzle
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5.6 Final replication roadmap
The final replication roadmap encompasses the entire process of the project in order to ensure the
successful replication of the smart grid technologies developed within InteGrid. The roadmap aims to
facilitate the integration of innovation tools through a high-level path which can be used to depict
significant phases and milestones of the project. This replication roadmap provides support to the relevant
stakeholders, who intend to implement InteGrid’s network solutions, with a strategic planning and
implementation plan to integrate the smart grid technologies within their electrical networks. In this regard,
stakeholders are able to align with the goals of the project and strive toward a successful and sustainable
outcome in accordance with the project’s vision and strategy. As part of the development phase, the
identification of system requirements allows for potential drivers and barriers to be exposed. Doing so,
allows for the stakeholders to develop strategic mitigation and driver exploitation plans, as required.
Therefore, stakeholders are able to identify the current status quo and maturity of the network with respect
to the technology driver targets defined in their respective countries. Additionally, the replication roadmap
can be used as a mechanism to provide a framework upon which the planning, implementation and
consolidation can be coordinated. The execution of the SRA further facilitates the assessment of these
smart function based on a set of futuristic scenarios for which the stakeholder foresees. The outcomes
based on the lessons learned and best practices from previous smart grid project and stakeholder input are
used to develop the recommendations and guidelines which can be used to improve the success of the
replication. The final replication roadmap developed for the InteGrid project is shown in Figure 31.

Figure 31: Final replication roadmap 14

14

Image adapted from: https://omextemplates.content.office.net/support/templates/en-us/tf00954201.potx
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6 Conclusions
Due to the significant changes in the electricity network necessary to meet the demands towards the drive
for cleaner energy, increased technological advances and operating methodologies have become more
prominent. Due to these new additions, system operators are experiencing various challenges within their
networks when incorporating these concepts into traditional networks. In order to overcome these
challenges, various tools, functions and techniques have been developed in order to ensure safe and
reliable supply of electricity in a cost-effective manner. Therefore, the roadmap to replication, based on a
ten-step approach, which takes into consideration the entire process of the InteGrid process, is presented
within this deliverable. The replication roadmap provides electrical system operators and network owners
with a simplified methodology which can be used to assist with the successful implementation of the smart
tools and functions developed within InteGrid.
In order to achieve this, the lessons learned obtained from the SRA, in combination with the contributions
from the implementation within each of the demos, have been consolidated. This has been done in
alignment with each of the respective focus areas i.e. functional, ICT, economic and regulatory perspectives
for each of the various clusters, as the SGAM framework has been applied during the entire project. During
this process it has been shown that regulation indeed plays a significant role in smart grid implementation,
as its framework changes may foster the adoption of flexibilities. This is due to the rise of advanced products
and emergence of markets which allow for flexibilities to become a true alternative to grid reinforcement
techniques. With regard to flexibilities, it has been already demonstrated that they are technically and
potentially economically viable if price and location are advantageous, as they perform as intended, even
under stress situations with high penetration of renewables, as shown in the SRA. Additionally, it was shown
that is possible to have the DSO as a central enabler of these changes, where he acts as market facilitator,
although standardization of this process is key for its success, especially when considering the
communication infrastructure. A common platform, such as the one developed in InteGrid, the gm-hub,
could be well received as a starting point to bring the DSO as a central component to aggregators and third
parties together, and provide possibilities for new services, which are data driven, to be implemented in
the future.
Based on these outcomes and lessons learned, the guidelines for the best practices have been developed
with the aim to ensure appropriate knowledge transfer based on the experience of InteGrid and feedback
from external stakeholders. These guidelines and recommendations allowed for the basis upon which the
replication paths were developed according to the for four focus areas, offering a complete holistic view of
a Smart Grid project.
Each of the replication paths contain the minimum requirements necessary to promote the success for
replication. This takes the form of a checklist-type process where key questions are proposed in order to
assess the status quo and maturity of the network. The process also suggests possible mitigation strategies
in case possible roadblocks (barriers) are encountered. The overall replication process incorporates each of
the replication paths designed for each of the focus areas in a holistic manner. It is recommended that each
of the replication paths be used in conjunction with each other due to the interdependencies between
them.
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Annex I – Stakeholder consultation
Questions for stakeholders: Polls
Functional
Do you believe the DSO should target specific customers (based on their location) to use HEMS devices?
o Strongly agree
o Agree
o Neutral
o Disagree
o Strongly disagree

ICT
Should there be a national platform for connecting the DSO/s to other actors such as the gm-hub?
o Strongly agree
o Agree
o Neutral
o Disagree
o Strongly disagree

Economic
In your opinion, how much are residential customers willing to pay for a home energy management system
(HEMS)?
o 25 – 50 euros
o 50 – 75 euros
o 75 – 100 euros
o > 100 euros

Regulatory
In your opinion, the most relevant barriers pertaining to the use of flexibility by DSOs are:
o Technical, e.g. complex communication requirements, standardization barriers
o Regulatory, e.g. lack of incentives for DSOs to use flexibility
o Economic, e.g. low benefits from the use of flexibility by DSOs
o Social, e.g. end-users are not interested to provide flexibility
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Consolidation of poll results
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Questions for stakeholders: Survey
1. Forecasting systems have a huge impact in flexibility usage, do you think they should be prequalified to
assure an acceptable error?
o Strongly agree
o Agree
o Neutral
o Disagree
o Strongly disagree
2. Do you believe the DSO should advertise “hot points” where flexibility connections might be needed
(provide congestion nodes)?
o Strongly agree
o Agree
o Neutral
o Disagree
o Strongly disagree
3. If you were to have a HEMs, what type of signal would you prefer to receive?
o Price signal
o Environmental signal
o Another signal
4. Should data from the smart meter be collected or reported to a central country register where
stakeholders could access the data, either through payment or other means?
o Strongly agree
o Agree
o Neutral
o Disagree
o Strongly disagree
5. Do you agree that the gm-hub platform should be managed by the DSO?
o Strongly agree
o Agree
o Neutral
o Disagree
o Strongly disagree
6. As a customer, would you be willing to provide 1-minute resolution time (privacy considered)?
o Strongly agree
o Agree
o Neutral
o Disagree
o Strongly disagree
7. What do you think will be the criteria for industrial customers to offer their flexibility?
o A purely economic criterion (project NPV, IRR);
o Besides economic, most will also consider environmental/sustainability aspects (e.g. contributions
to lower carbon emissions);
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8. What is the main barrier for DSOs in the initial phase of using local flexibility for active grid
management?
o Lack of incentives in network regulation (e.g. CAPEX-oriented)
o Network reinforcements are generally less costly than flexibility
o Lack of interest by flexibility providers
o Reluctance from network operators (corporate inertia, reliability concerns)
o Complex and costly communications and interoperability requirements
9. In your opinion, flexibility services will be used by DSOs…
o Never or almost never since distribution grids have much spare capacity
o Never or almost never since distribution investments are more efficient
o Only in very specific circumstances were reinforcing the grid is not possible (e.g. in naturally
protected areas)
o An alternative available to DSOs on equal grounds to conventional grid reinforcements
10. Do you agree with the following statement? “DSOs will not use flexibility services because distribution
network costs are very low and/or grid investments are much more reliable”
o Strongly agree
o Agree
o Neutral
o Disagree
o Strongly disagree
11. Do you agree with the following statement? “Market-based mechanisms are not practical for DSOs to
procure flexibility. Instead simpler approaches such as mandatory requirements or standardized regulated
contracts should be used”
o Strongly agree
o Agree
o Neutral
o Disagree
o Strongly disagree
12. In your opinion, the most relevant barriers to the participation of industrial consumers in balancing
markets are:
o Technical, e.g. need for automation and changes in productive process
o Regulatory, e.g. inappropriate market design and/or product definition
o Economic, e.g. low benefits from the provision of balancing services or hard to compete against
large generators
o Social, e.g. lack of interest from industrial consumers as this is perceived as too complicated or
scarcely profitable
13. Do you agree with the following statement? “Specific balancing products/markets must be created to
enable the participation of demand (as opposed to technology-neutral products)”
o Strongly agree
o Agree
o Neutral
o Disagree
o Strongly disagree
14. In your opinion, what are the most relevant barriers to the replicability of InteGrid tools in the
country where you live:
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o
o
o
o

Technical
Regulatory
Economic
Social

15. In your opinion, do you think the replication process flows for each of the focus areas are easy to follow
and user friendly?
o Strongly agree
o Agree
o Neutral
o Disagree
o Strongly disagree
16. Does the replication process fulfil all the expected steps in order to ensure successful replication?
o Strongly agree
o Agree
o Neutral
o Disagree
o Strongly disagree
o If no: what else would you add?
17. How likely will the implementation of the InteGrid functions be replicated within your country?
o Highly likely
o Likely
o Neutral
o Unlikely
o Not at all
18. Which focus area is likely to be the strongest barrier when implementing the replication roadmap in
your country?
o Functional
o ICT
o Economic
o Regulatory
19. How long do you envision the successful replication and implementation of InteGrid functions within your
country?
o 0-2 years
o 2-5 years
o 5-8 years
o 10 years
o >10 years
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Consolidation of survey results
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