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EXECUTIVE SUMMARY

This document represents the architecture definition and KPIs definition for the GIFT project that has to be
delivered at M12. It contains a first description of the use-cases that are to be implemented in the two pilots
of the project, their architecture, and the KPI that applies to these. The methodology used to define these is
also defined within this document.

In this document, four use-cases and their architecture have been defined. The first use-case is an umbrella
use-case for the Norwegian pilot, on congestion avoidance. The second and third use-cases are local energy
communities for the Norwegian pilot. The fourth use-case is a local energy community based on the Italian
pilot.

This document is organized in two main sub-sections, which are the use-cases, including the KPI, and the
architecture.
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1. INTRODUCTION

The goal of this deliverable is to describe the future implementations of the project in the two pilot islands
of Hinngya and Procida. This includes the use-cases, the architecture of the system and the KPI.

The use-cases describe the context, business objectives and the processes of the project, while the
architecture describes the components of the system and their interactions, and the KPI ensure the main
objectives of the project are fulfilled.

In order to be relevant through the course of the project, the requirements will be updated if any significant
changes occur affecting the relevance of the use-cases, architecture or KPI.

This document is public, and will be used for the general public to understand what is done by the GIFT
project, and internally to ensure a common understanding of the use-cases and architecture of the project.

GIFT is a project funded by the European Commission, that was launched in January 2019. It aims to
decarbonize the energy mix of European islands. Therefore, GIFT has the objective to develop innovative
systems that allow islands to integrate large share of renewable energies while not adding stress to the grid,
through the development of multiple innovative solutions, that will be combined into a complex system.
These solutions include a Virtual Power System (VPS), a state estimation of the grid, a better prediction of
supply and demand and visualization of those data through a GIS platform, and innovative storage systems
allowing synergy between electrical, heating and transportation networks. It will moreover help to implicate
the consumers in the energy transition, through various, energy management systems for harbors, factories,
battery and hydrogen storage and mobility that are being developed within the project.

In order to be representative and relevant when proposing solutions at the EU level, GIFT has selected several
islands and demonstration sites having their own issues and specificities. The GIFT partners will therefore
develop and demonstrate the solutions in two pilot islands, Hinngya, Norway’s largest island, and Procida, a
small island in Italy, and study the replicability of the solution at least in the Greek island of Evia and the
Italian island of Favignana.
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Figure 1: GIFT involved partners and pilot sites

1.3.1. IEC 62559

The IEC 62559-2 standard [1] aims to set a methodology and a template for detailing a use case. It includes
the description of objectives, actors, requirements (including KPI), and the relation between them. This
template is designed for the definition of smart grid use cases, though it can be used as well for other energy
systems such as electro mobility. It is therefore perfectly suitable for GIFT pilots use cases.

This template is divided into seven main parts:

Description of the use case: defines the context and objectives
Diagrams of the use case
Technical details: including the extensive description of all the actors

A

Step by step analysis of the use case: defines the main scenarios of the use case, and for each of them
it details the processes and relations between actors, step by step.

5. Information exchanged

6. Requirements

7. Common terms and definitions

It enables to place the use-case as a whole in its context, describes the processes thoroughly within the
scenarios, and define each component, information or requirement, while referring to them in the whole
document. It therefore drives towards a very comprehensive and detailed description of the use-case.

1.3.2. SGAM

The SGAM (Smart Grid Architecture Model) is a unified standard [2] for smart grid use-case and architecture
design. It enables to give a global view of the project by mapping the different actors and devices according
to their energy grids domains (Generation, Transmission, Distribution, DER and Customer premises) and their
business zones (Market, Enterprise, Operation, Station, Field and Process). Then, the different
interoperability layers enable to focus on the exchanges between these actors (including devices) in different



aspects:

e Business

e Functions

e Information (data exchanged)

e Communication (communication protocols)
e Components (physical devices)

Business
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Figure 2: SGAM layers representation

Within this project, we used the template from the European project DISCERN [3]. It provides user-friendly
templates and libraries for the conception of SGAMs.

The list of the objects used in SGAM component layer is available in Annex 5.

2. USE-CASES

The following KPI have been designed in the Grant Agreement. These are global KPIs, which need to be
fulfilled during the scope of the project, including both pilot and follower demonstration sites. Therefore,
some of the KPIs listed below are not covered within this document, such as KPI 4 on large scale replication
on the same island and others with similar conditions, which are only relevant for follower demonstration
sites. The partners of GIFT project that will be responsible for the measurement of these KPI are indicated in
the last column.



Project Performance Quantification Measurement unit WPs  Responsible
indicator partners
1. Achieve highly integrated and digitalised smart grids
1.1 Benefit for DSO 0.5 mio EUR/MW The reduced cost of 7,8 HLK, (ENEL)
congestion avoidance
1.2 Avoid congestions: > 15% Reduction of MWh/h 3 oDl
reduction of peak demand
1.3 Distribution grid stability | 30 min (>25% of DR) | Time required to activate 4 INEA
through responsiveness of 1 hr (> 50% of DR) portion of available load
flexibility services 24 hrs (> 100% of DR) | flexibility through DR
services
1.4 Likelihood of Prediction | >90 % Frequency of correct 3 oDl
of congestion prediction of occurrence of
(voltage/power-flow limit congestion
violation)
1.5 Accuracy of forecastsat | <10% Mean Absolute Percentage | 3 RDN
prosumer, MV/LV Error (MAPE) or RMSE
transformer or substation
level (energy demand,
generation, flexibility)
1.6 Overall effectiveness of | >=50% kWh/time unit avoided 3,4, INEA
complete system in kWh for curtailment: kWh/time unit | 5
DSO —avoided curtailment curtailment action
2. Developing RES-based systems cheaper than diesel generation
2.1 Storage capacity 160 kW kw 5 SYL, ELS
installed (kW)
2.2 Storage energy installed | 375 kWh KWh 5 SYL, ELS
(kwh)
2.3 Storage cost [€] <=0.10€ €/kWh.cycle SYL, ELS
2.4 Possible renewable >10% % 3,5 NTNU
integration in the grid (%)
2.5 Electricity load >=15% Energy demand variation 5 INEA, ETREL,
adaptability level (%) (delta MWh/h) with TRIALOG,
respect to peak demand HAFEN, ELS,
(MWh/h) SVl
3. Reduce significantly fossil fuel consumption
3.1 Reduction consumption | >=15% % 4,2, SYL, ELS
for back-up energy system 7,8
(%)
3.2 Flexibility range at +10/-30% % of charging load 5 ETREL
average occupancy of variation (without violation
charging spots of user needs) compared to
baseline
3.3 Demand response > 15% Energy demand variation 5 INEA

generated by virtual energy

(delta MWh /h) with




Project Performance Quantification Measurement unit WPs  Responsible
indicator partners
storage in demonstrated respect to peak demand
use cases in the project (MWh/h)
(during 3 months’ testing &
evaluation period)
3.4 Capability of integrating | +10/-30 % Safe increase of installed 2,3, NTNU,
large share of renewables capacity (MW) with respect | 7, 8 ARMINES
to initial capacity margins
with no available demand
response.
3.5 Reduction of fuel for >=10% Percentage of captured 2,5 SYL
heating and cooling (%) & heat from primary
related GHG emission (tons processes for included
eq. CO2) prosumers.
4. Large scale replication on the same island and others with similar conditions
4.1 Number of business >=2 count 9 CRES
case
conducted on other islands
4.2 Number of prosumers >= 30 count 7,8 HLK, HAR,
reached by the systems PRO
developed in the project
4.3 Number of prosumers >= 500 count 7,8, HLK, HAR,
that could be reached in the 9 PRO, SAP,
next ten years CRES
4.4 Increase of prosumer >=15% Augmented DR (%) 4,9 INEA
involvement
4.5 Number of following >=5 count 9 EQY, CRES
islands
5. Enhance autonomy for islands that are grid connected with the mainland
5.1 Lessen the burden of >10% MWh/h of self-consumed 2,3 ELS, SYL
power grids through self- energy
consumption
5.2 Grid state observability: | >80 % Number of observed grid 3 oDl
near-real time (5min) and state variables (voltages,
forecast (forecast 30min up power flows), with respect
to 24-48 hrs) to all possible states of
interest (full observability).
5.3 Accuracy of forecastsat | <5 % Mean Absolute Percentage | 3 RDN
microgrid, BRP level (energy Error
demand, generation, (MAPE) or RMSE
flexibility)
5.4 Reduce exchanged >=10% Weighted to size of pilotvs. | 2, 3 INEA

energy between island and
mainland (kWh/year)

size of complete island




Table 1: KPI of the GIFT project

A few generic use-cases from the Harmonized electricity market role model have been used as reference
within the GIFT project. This model has been modified by the European project Mirabel and further enhanced
by the European project GOFLEX [4]. It identifies the generic use-cases that are listed in the table below. The
relevant use-cases for GIFT are then selected from these (in bold in the table). Indeed, according to the scope
of the project, only the use-cases at DSO (or sub-DSO) level with local nesting level, i.e. that is situated within
a small area, are relevant within GIFT.

Table 2: Reference use-cases (RUC) as identified in the Harmonized electricity market model

uc# Use Case EM sub- | driving case role grid sub- | nesting
system | Business role | Grid operator | system | |eyel

RUC1 Tertiary reserves of TSO MBA BRP TSO MBA regional

RUC1-1 | Balancing Marketplace for energy | MBA BRP, MO TSO TransG regional

flexibility for TSO

RUC2 Optimized operation of microgrid LCM MRP SDSO subDistG | local
RUC2-1 | Islanding operation of microgrid LCM MRP SDSO subDistG | local
RUC5 Citizen energy community LEC LSE SDSO subDistG | local
RUC5-1 | Islanding operation of local energy | LEC LSE SDSO subDistG | local
community

RUC3A | Optimized operation of Sub Balance Group | SBG SRP (TSO) MBA regional
RUC3A- | Marketplace system for energy in BG | BG BRP (TSO) BG regional
1 (SBGs)

RUC3 Optimized operation of Balance group BG BRP (TSO) MBA regional
RUC3-1 | Marketplace system for Energy (BRPs) MBA BRP (TSO) MBA regional
RUC4 Congestion management at DSO BG BRP DSO DistG local
RUC4-1 |Local Balancing market for energy|BG LMO DSO DistG local

flexibility for DSO

RUC6 Regional Balancing Market for energy | MBA MORB DSOs DistG regional
flexibility for DSOs

RUC7 Regional Market for Energy Flexibilities (for | MBA MORF TSO MBA regional
BRPs)

Therefore, six reference use-cases are identified as relevant for this project, and will be referred to in the rest
of the document as follows:

e RUC2: Optimized operation of a microgrid
This use-case is centered on a local community microgrid, which uses demand-side management for
optimization of the microgrid operation. It requires a local nesting of the use-case, an operation of
the grid at sub-DSO or DSO level, and the ability to easily separate the microgrid from the parental
distribution grid. The relationship between the different actors is described in the figure below. This



diagram shows how one BRP can aggregate offers from different prosumers, including microgrids
which local balance is improved by the microgrid responsible party, as is done in the Norwegian pilot.

DSM for congestion mngt

BG1 ! @;"J

Intra-microgrid "‘
trading

Microgrid

Figure 3: Diagram of the interactions between the actors in a RUC 2

In this diagram, the different actors are identified using abbreviations: P for producer, C for
consumer, PC for prosumer.

RUC 2-1: Islanding operation of a microgrid

This use-case is the extension of the RUC 2 to islanding mode, where the energy consumption and
production are balanced internally in the local community microgrid. Islanding mode implies the
capability of switching between connected and island operation depending on conditions on the grid
and economic considerations. Therefore, the ability of prediction of blackouts and instability in
system operation, and locally balancing of production and consumption are requested on top of the
needs for RUC 2.

RUC 5: Citizen energy community

This use-case operates on the same type of energy grids as the RUC2. However, the important
difference lies in the definition of a Local energy community, which comprises all energy sources and
energy carrying media (electricity, heat, ...). This necessitates interactions between the electricity
system and other energy systems, in particular thermal energy system, typically sharing a CHP plant.
Through this interaction on micro-grid level, techno-economical optimization of energy use at energy
community level can be achieved.

RUC 5-1: Islanding operation of a local energy community

This is the extension of RUC5 to islanding mode, where the energy consumption and production are
balanced internally in the local energy community. It is therefore a combination of RUC 2-1 and RUC
5 and requires the characteristics of both use-cases.

RUC4: Congestion management at DSO

The RUC 4 use case is the basic case for local balancing of energy imbalances on the distribution grid,
using the local resources closest to the point of imbalance. The congestion management is thus done
by reducing the energy flows rather than increasing the capacity of the grids. It therefore requires a
local nesting of the system, and an operation at DSO level.



e RUC 4-1: Local Balancing Market for energy flexibilities for DSO
This is the extension of RUC4 by introducing Balancing market for DSO: several BRPs compete offering
energy flexibilities as ancillary services to the DSO. The characteristics of RUC4 for each BG are the
same. However, the one-many trading process between BRPs and DSO is controlled by the Local
Market Operator, a new role necessary for this use case. The trading process is automatic and LMO
acts out the GIFT role of VPS operator.

This document aims to describe the use-cases that will be implemented in the two pilots of the project. These
pilots are the Norwegian island of Hinngya and the Italian island of Procida. These two islands show very
different characteristics in terms of location, size, climate and demographics. They can therefore be used to
study the different opportunities offered by the GIFT project systems for islands across Europe.

2.3.1. Hinngya: The Norwegian pilot

Hinngya, situated in the north-west coast of Norway, is the largest island of Norway with 2,204 km? and
32,000 inhabitants with 8 municipalities. The most populated city is Harstad. It is situated in the north of the
island, near a bridge connecting it to the mainland.

In terms of energy, the main energy commodity and distribution network is operated by the DSO Halogaland
Kraft (HLK Nett), which is a partner in the project and has good connection to the mainland. HLK Kunde,
another branch of the HLK group is an electricity retailer in the same area. The electricity grid is divided into
three voltage levels: the transportation network from 132 to 420 kV, the regional network from 33 to 132 kV
and the distribution network up to 22 kV. In the island, the network is up to 132 kV.

The production is mainly imported from the mainland through the Nordpool electricity market [1]. The
production in Norway is mainly renewable with hydroelectricity accounting for 96% of installed capacity.
Large storage capacities support this production with a total of 86.5 TWh installed. In low precipitation years
(or dry years) and peak demand periods of winter, the island imports carbon-based electricity in its electricity
mix. However, owing to the intensive use of hydropower in the island, the transport is the main source of
greenhouse gas (GHG) emissions in the island, which is heavily based on fossil fuels. Therefore, transportation
represents a main potential economic sector for electrification in the island. Therefore, Hinngya will be the
lighthouse for the electrification of transports related activities in this project.

2.3.2. Procida: The Italian pilot

Procida is a small island situated off the south-west Italian coast, in the Tyrrhenian sea. It has a surface of 3.7
km?2 and hosts a population of about 10 500 inhabitants. It includes 4 harbours, 15 industrial sites and various
hotels with 10-15 rooms capacity, that will be considered as potential flexibility providers in the project. The
hotels and the 7000 private houses are identified as the most energy intensive loads.

In terms of electricity network, Procida is connected to Ischia Island by a 30 kV submarine cable, which covers
the needs of the whole island. The DSO operating in Procida is E-distribuzione (Enel group), who will
cooperate with the GIFT project to provide the necessary data and allow the installation of metering
equipment. The production in Italy is mainly (83%) from fossil fuels, however renewables and especially solar
has experienced a strong growth in the last few years.



Blackouts are not common on Procida, but are generally experienced about once a year during periods of
peak consumption during summer evenings. The RES potential is significant in terms of solar irradiation. The
municipality yet owns a 20 kW PV system, and intends to extend it to 260 kW during the project. Procida will
therefore be the lighthouse for renewable energy integration in this project.

In this part, the different use-cases that will be implemented ad demonstrated in the pilot islands are
described. These use-cases first describe the context, the constraints, the needs and the business models,
and then focus on the involved actors and their interactions. These descriptions are the summaries of the IEC
62559 normalized description. The complete description of each use-case according to IEC 62559 template
is available in the Appendix for each use-case. The relevant KPIs from the Grant Agreement are mapped to
each of the use-cases. The identification of the use-cases is based on the main constraints and opportunities
on site, along with the objectives of the responsible actors, such as the DSO or the municipalities.

2.4.1. UC1: Congestion avoidance

This first use-case is an umbrella use-case for the Norwegian pilot. It covers the area of Harstad municipality
(including Grytgya, a small island off the north coast of Hinngya) from the point of view and for the benefice
of the DSO (HLK Nett) which territory covers this whole area. The BRP in this use-case is the retail branch of
HLK (HLK Kunde). The main objective of this use-case is to avoid any congestion that may occur in this territory
(it constitutes a RUC4! overall), especially at the connection point between Hinngya and Grytgya. This will be
done by aggregating flexibility from prosumers of the whole area in order to do peak-shaving as well as
demand response for more punctual imbalances and forecasted voltage issues.

Different prosumers will be included in this scheme, including the local energy communities of Fish farms
and Smart Harstad (respectively described in UC2 and UC3 below), that will be nested within this use-case to
provide flexibility for the DSO as complex prosumers, as well as other industrial prosumers from the area,
such as an e-ferry (which probably won’t be operational within the timeframe of the project, but will be
studied anyway), industrial prosumers from a harbour near the city of Harstad, in the Stangnes industry park,
and individual prosumers. A HBr flow battery will also be installed on the island of Grytgya within the scope
of GIFT and will be used for flexibility provision.

Five main scenarios (detailed in the appendix) are identified within the scope of the project, depending on
the type of prosumers that will participate in the flexibility provision mechanism. For all of them, the principle
is for the flexibility provider to shift its electricity consumption / provision depending on its availability when
an imbalance is forecasted by the Weather, Energy, Supply and Demand and Price predictions systems, or by
the Grid Observability system. The flexibility is aggregated by the VPS, which interacts with the flexibility
providers to decide on which offers to activate using the FlexAgent. When an offer is accepted by the VPS,
the flexibility provider is requested to adapt its electricity consumption accordingly. The internal
communications on the Grid level are taken on by the ESB, while the FlexAgent is used for the flexibility
bidding system.

The KPI that are relevant for this use-case are identified below:

ID Name

1 See reference use-cases in part 2.2.



KP11.1 |Benefit for DSO

KPI'1.2 | Avoid congestions, reduce peak demand

KPI'1.3 |Distribution of grid stability through responsiveness of flexibility services

KP11.4 |Likelihood of prediction of congestion (voltage or power-flow limit violation)

KP11.5 |Accuracy of forecast at prosumer, MV/LV transformer or substation level (energy demand, generation,
flexibility)

KPI'1.6 | Overall effectiveness of complete system in kWh for DSO — avoided curtailment

KPI2.1 |Storage capacity installed (kW)

KPI1 2.2 |Storage energy installed (kWh)

KPI12.3 |Storage cost (€)

KP12.4 |Possible renewable integration in the grid (%)

KP12.5 |Electricity load adaptability level (%)

KPI3.3 |Demand response generated by virtual energy storage in demonstrated use cases in the project (during 3
months’ testing & evaluation period)

KPI15.4 |Reduce exchanged energy between island and mainland (kWh/year)

2.4.2. UC2: Fish Farms LEC

This use-case is nested within the use-case UC1 on congestion avoidance for the Norwegian pilot, as a
complex prosumer, and operates in the same way. It aims to regroup fish farms operating around the coast
of the island of Grytgya into a local energy community, with the goal to optimize their energy consumption
and reduce their impact on the grid (combined RUC2 and RUC52). This use-case will also promote this scheme
to involve more fish farms in the area.

The local energy community will benefit to the fish farms and will be run by HLK retail (HLK Kunde), who will
play the role of BRP in this scheme.

Grytgya, a part of the Harstad municipality, is a small island located 3 km away from Hinngya. Grytgya grid is
connected to Hinngya using a submarine cable. As the Grytgya cable transformer capacity on Hinngya is too
small to accept the additional load that the connection of the fish farms would imply, the fish farms will
organize as a Local energy community to lower their impact on the grid both in terms of active and reactive
power.

Twelve offshore fish farms are operating around the large coast area of Grytgya (see Figure 4: Fish farms
operating around the coast of Grytgya). Three of these fish farms are situated ~200 m away from Grytgya
coast. Others eight are far away the Grytgya and difficult to connect to the island physically. The power
generation needed for these farms implies the use of diesel engines that cause the emission of high quantities
of greenhouse gases. As an alternative, fish farmers are willing to integrate renewable energy sources to
supply fish farms. However, connecting more RES into the fish farms grid might introduce curtailment in the
energy grid due to the stochastic nature of RES. PV should not be considered as a solution for that purpose,
due to the extreme weather conditions of the place (characterized by large amount of snow and poor sunlight
in the winter), but there is potential for wind production.

2 See reference use-cases in part 2.2.
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Figure 4: Fish farms operating around the coast of Grytgya

Diesel generators are mainly used to heat the platform, feed the fish, and operate the fish farms (e.g.

underwater lighting during the winter). The consumption for feeding depends on fish life cycle, production

capacity, production method, location, weather (temperature, light, wind), etc. Farms have sent applications
to be connected to the grid, with 200-500 kW peak power, depending on each farm. Currently HLK has
connected around 8 fish farms to the grid outside Hinngya & Grytgya. Due to the limited capacity, it is difficult

to connect more fish farms in Hinngya-Grytgya-Sandsgya-Bjarkgya area. The fish farms from one company

could therefore organize themselves as a cluster and shift their consumption in order to be able to connect

to the grid, while not involving too much stress (peaks) into the network.

Batteries could be added to the system by the fish farms in order to facilitate the grid connection, though
this is not covered by the GIFT Project.

The KPI relevant for this use-case are identified below:

Key performance indicators

ID

Name

KP11.2

Avoid congestions, reduce peak demand

KPI 1.5

Accuracy of forecast at prosumer, MV/LV transformer or substantial level (energy demand, generation,
flexibility)

KP12.4

Possible renewable integration in the grid (%)

KP12.5

Electricity load adaptability level (%)

KP13.3

Demand response generated by virtual energy storage in demonstrated use cases in the project (for 3 months’
testing & evaluation period)

KPI 3.4

Capable of integrating large share of renewables

KPI 3.5

Reduction of fuel for heating and cooling (%) & related GHG emission (tons eq. CO2)

KPI13.6

Reduction consumption for back-up energy system (%)

KP15.4

Reduce exchanged energy between island and mainland (kWh/year)




2.4.3. UC3: Smart Harstad LEC

This use-case is nested within the use-case UC1 on congestion avoidance for the Norwegian pilot, as a
complex prosumer, and operates in the same way. The local energy community will be run by the Harstad
municipality, and HLK retail (HLK Kunde) will play the role of BRP. It focuses on the city center of Harstad,
which will form a local energy community (RUC53), regrouping several prosumers to optimize their electricity
consumption. In particular, Electric vehicles (EV) owned by the municipality will join this scheme. Moreover,
Harstad energy grid should be monitored in order to optimize balance and temper the impact of new electric
vehicles while decarbonizing the transport energy.

In Harstad smart city program, the municipality plans to provide electric vehicles for their employees during
their service (at daytime), and low-cost vehicle rental after working hours (4 pm-next 8 am), with a car fleet
of 30 EVs in 2020. They could then create an energy system with parked electric vehicles. A departure time
should be set by EV users to ensure in spite of the potential reduction of charging load due to activation of
load flexibility) the delivery of required energy to EV batteries before the EV user disconnects the EV from
the charge point. The idea is to utilize the battery both on the road and plugged in. However, the vehicles are
used for medical and other services purposes, so it is necessary to ensure their charge at all times. Caution
should be especially made to guarantee the availability of these EVs during power failure in the grid, e.g.
using the battery of the EVs to power the local community.

The City hall is heated with biomass through District heating, which helps to reduce the use of fossil fuels in
the heat network. The LEC will help this kind of initiatives to grow and enhance the involvement of citizen in
energy issues.

The KPI that are relevant for this use-case are identified below:

Key performance indicators

ID Name

KPlI 1.4 |Likelihood of prediction of congestion (voltage per power-flow limit violation)

KP11.5 |Accuracy of forecast at prosumer, MV/LV transformer or substantial level (energy demand, generation,
flexibility)

KP12.5 |Electricity load adaptability level (%)

KP13.1 |Reduction consumption for backup energy system (%)

KPI 3.2 |Flexibility range at average occupancy of charging spots

KPI13.3 |Demand response generated by virtual energy storage in demonstrated use cases in the project (during 3
months’ testing & evaluation period)

KP13.5 |Reduction of fuel for heating and cooling (%) & related GHG emission (tons eq. CO2)

KP13.6 |Reduction consumption for back-up energy system (%)

KPI5.1 |Lessen the burden of power grids through self-consumption

KPI5.2 |Grid state observability near real-time and forecast

KPI 5.3 |Accuracy of forecasts at microgrid, BRP level (energy demand, generation, flexibility)

2.4.4. UC4: Procida LEC

This use-case is situated in the Italian Pilot. The overall system provided by GIFT will however operate in the
same way as described in the previous use-cases UC2 and UC3 on the Norwegian pilot. Procida island is to be

8 See reference use-cases in part 2.2.



organized as a local energy community (RUC5), in order to reduce its dependency to the mainland, increase
the citizen implication in the energy network, improve the efficiency of the grid and avoid summer congestion
and blackouts. This would be used as an incentive for the individual prosumers to invest in renewable
electricity production (PV). A few public buildings would participate in this scheme.

The local energy community will be driven by Procida municipality and run by an external actor who will also
play the role of BRP. This use-case would be supported by a few public buildings that are equipped with heat
pumps and have a relatively high energy consumption, and would therefore be eligible for providing
flexibility:

e The city hall: equipped with a solar panel system (20 kW) and a heat pump.
e Two public schools: equipped with reversible heat pumps.

e The hospital: equipped with a heat pump, it has a high energy consumption (more than 400 MWh
per year, with a power contract of 300 kW), but low flexibility.

The city hall will be coupled to the Smart Energy Hub, a storage system developed by Sylfen which produces
heat as well: 5 kW of electricity and 4 kW of heat generation. The heat produced by the Hub will be used
directly by the city hall and therefore will reduce the overall electrical consumption of the building (reduction
of the electrical consumption of the heat pump and maybe of the electric balloon used to provide hot sanitary
water, this will be defined later during the integration study next year).

Moreover, the municipality considers driving an increase in the local electricity production from PV on public
buildings. The city hall PV system will be upgraded from 20 kW to 60 kW, and the two schools will get PV
systems installed of 100 kW each (2 000 square meters available in each school).

The decrease of public lighting electric consumption (currently one of the highest consumption sources in
the island) will also be studied as part of this LEC. It could be done by replacing the light bulbs with LED,
and/or by providing flexibility with the optimization of the use (with sensors). The PV energy could as well be
used if batteries are involved.

Other prosumers may join the LEC:
e Individual prosumers, who could invest in renewable production, and get involved in energy issues.

e Ahotel could join the scheme as a factory to provide flexibility, and other industrial prosumers could
join the scheme as factories.

e PV production systems, providing flexibility by generation curtailment.

The KPI that are relevant for this use-case are identified below:

Key performance indicators

ID Name

KPI'1.3 Distribution of grid stability through responsiveness of flexibility services

KPI 1.4 Likelihood of prediction of congestion (voltage per power-flow limit violation)
KPI 1.5 Accuracy of forecast at prosumer, MV/LV transformer or substantial level (energy demand, generation,
flexibility)

KPI 2.1 Storage capacity installed (kW)

KPI 2.2 Storage energy installed (kWh)

KP12.3 Storage cost [€]




KPI 2.4 Possible renewable integration in the grid (%)

KP12.5 Electricity load adaptability level (%)

KPI 3.3 Demand response generated by virtual energy storage in demonstrated use cases in the project (during 3
months’ testing & evaluation period)

KPI 3.4 Capable of integrating large share of renewables

KPI 3.5 Reduction of fuel for heating and cooling (%) & related GHG emission (tons eq. CO2)

KPI'5.1 Lessen the burden of power grids through self-consumption

KPI 5.2 Grid state observability: near-real time (5min) and forecast (forecast 30min up to 24-48 hrs)

KPI 5.3 Accuracy of forecasts at microgrid, BRP level (energy demand, generation, flexibility)

3. ARCHITECTURE

The architecture of the GIFT project aims to integrate several technical solutions from the solution providers
in a way that is technically efficient and takes into account the context of the project. An initial attempt to
describe how the different solutions will interact has been attempted in the preparatory phase of the project

(i.e. in the Grant Agreement) and has been updated in the diagram below:
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Figure 5: Interactions between the GIFT system components

This diagram shows that the Weather, Energy S&D and Price prediction systems establishes the needs for
flexibility processing with regard to reception of external data, along with the Grid observability system,
which performs network state estimation using the Enterprise Service Bus (ESB) as a facilitator of



communications among them. The VPS then interacts with the flexibility providers to request and activate
the needed flexibility, using the xEMS Communication protocol. It can be noticed that all flexibility providers
are equally treated in regard to the VPS, which uses the Flex Agent to interact with them in a technology-
neutral manner. The Weather, Energy S&D and Price prediction systems includes the Predictions and
visualisation of supply and demand of energy system, the long-term energy assessment and the GIS Twin,
which is a visualization platform. This is further developed using the SGAM layers (see Figure 2). In these, all
components are mapped, and their communications are identified, along with the communication protocols
and data models, though these are subject to change in the next few years, in order to keep in line with the
changes that occurs in the technological fields. The SGAM layers for the generic GIFT solution are presented
in the diagrams below:
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Figure 6: SGAM business layer

This layer shows the relations between the business actors, and their objectives.
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Figure 7: SGAM functions layer

This layer shows the functions of the different groups of components.
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Figure 8: SGAM information layer (context business view)

This layer describes the different information tach are being exchanged between the components. The
description of the different information is available within the full description of the use-cases in annex.
The ID of each information is indicated in the diagram (Inf.1 for instance) and relates to the information
table (part 5 of the use-cases descriptions in appendix).
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This layer shows the canonical data models that are used when exchanging the information presented in the
diagram above. The data model of the ESB is not yet well-defined but will be based on the CIM. The data
model for the Grid Observability system will depend on the data models used by the SCADA and MDMS

Figure 9: SGAM information layer (canonical data model view)

systems installed on the local Grid, that have not been communicated yet.
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Figure 10 : SGAM communication layer

This layer details the communication protocols that are used to communicate between the different
components of the system.
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Figure 11: SGAM component layer

This layer details the different components of the system and their physical interconnections.




Each of the use-cases described in the previous section implements an instance of the generic GIFT
architecture, integrating it in a context and a business model. In the next paragraphs, the architecture of each
of these implementations is detailed, using a SGAM model.

3.2.1. UC1: Congestion management
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Figure 12: UC1 SGAM business layer
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Figure 14: UC1 SGAM information layer (context business view)

The description of the different information is available within the full description of the use-cases in Annex
1. The ID of each information is indicated in the diagram (Inf.1 for instance) and relates to the information

table (part 5 of the use-cases descriptions in appendix).
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Figure 15: UC1 SGAM information layer (canonical data model view)

This layer shows the canonical data models that are used when exchanging the information presented in the
diagram above. The data model of the ESB is not yet well-defined but will be based on the CIM. The data
model for the Grid Observability system will depend on the data models used by the SCADA and MDMS
systems installed on the local Grid, that have not been communicated yet.
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Figure 16: UC1 SGAM communication layer
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Figure 17: UC1 SGAM component layer
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Figure 18: UC2 SGAM business layer
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Figure 19: UC2 SGAM function layer
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Figure 20: UC2 SGAM information layer (context business view)

The description of the different information is available within the full description of the use-cases in Annex
2. The ID of each information is indicated in the diagram (Inf.1 for instance) and relates to the information
table (part 5 of the use-cases descriptions in appendix).
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Figure 21: UC2 SGAM information layer (canonical data model view)

The data model of the ESB is not yet well-defined but will be based on the CIM. The data model for the Grid
Observability system will depend on the data models used by the SCADA and MDMS systems installed on the
local Grid, that have not been communicated yet.
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Figure 22: UC2 SGAM communication layer
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Figure 23: UC2 SGAM component layer
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Figure 24: UC3 SGAM business layer
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Figure 26: UC3 SGAM information layer (context business view)

The description of the different information is available within the full description of the use-cases in Annex
3. The ID of each information is indicated in the diagram (Inf.1 for instance) and relates to the information

table (part 5 of the use-cases descriptions in appendix).
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The data model of the ESB is not yet well-defined but will be based on the CIM. The data model for the Grid
Observability system will depend on the data models used by the SCADA and MDMS systems installed on the
local Grid, that have not been communicated yet.
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Figure 28: UC3 SGAM communication layer
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Figure 29: UC3 SGAM component layer
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Figure 30: UC4 SGAM business layer
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Figure 32: UC4 SGAM information layer (context business view)

The description of the different information is available within the full description of the use-cases in Annex
4. The ID of each information is indicated in the diagram (Inf.1 for instance) and relates to the information
table (part 5 of the use-cases descriptions in appendix).
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Figure 33: UC4 SGAM information layer (canonical data model view)

The data model of the ESB is not yet well-defined but will be based on the CIM. The data model for the Grid
Observability system will depend on the data models used by the SCADA and MDMS systems installed on the
local Grid, that have not been communicated yet.
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4. CONCLUSION AND NEXT STEPS

These use-cases and architecture pave the way for the implementation of the solution developed by the
project in the pilot islands. They define a high-level view of the system, its architecture and its business
models. They are complementary to D2.2 “Requirements” [5] and D2.3 “Technical and business process
flows” [6].

The following steps comprise the development, test and integration of the solutions from GIFT solution
providers into the complex system that is presented into the architecture part of this document, and
subsequently to deploy them on the two pilot demonstration sites, according to the business models
described in this document.

Finally, this system is to be replicated and upscaled on the two follower islands, using the same use-cases
and architecture as described here.
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6. APPENDIX — USE-CASES’ DETAILED DEFINITION BASED ON IEC 62559-2 TEMPLATE

In the following, the complete UC description following the IEC 62559-2 template, for each of the Pilot UCs
is presented.

1. Description of the use case
1.1 Name of the use-case



Use case identification

ID Area/Domain/Zone(s) Name of the use case

UCl1 Distribution system, DER, Customers Gryteya and Hinneya network congestion avoidance

1.2 Version management

Version management

Version Date Name of author(s) Changes Approval status
No.
1.0 24/05/2019 Dune Sebilleau Document initiation Development

1.3 Scope and objective of use case

Scope and objectives of the use case

Scope Gryteya and Hinngya form one balance group that is to be monitored and managed to avoid congestion.

Objective(s) The main objective is to avoid congestion on the grid for the DSO. Therefore, the objectives are:
[1] Reduce the use of hydrocarbon-based energies
[1.1] Allow a high level of penetration of renewable energy
[1.2] Avoid congestion in Hinneya and Gryteya electricity grid
[1.2.1] Provide observability of the grid
[1.2.2] Develop synergies between energy networks
[1.2.3] Provide flexibility in consumption
[1.2.4] Lower consumption peaks

Related business case(s) Congestion management, Demand side management, Peak-shaving, Renewable energy integration

1.4 Narrative of use case

Narrative of use case

Short description

Avoid congestion in both Hinngya and Grytgya by providing consumption flexibility. In particular, congestion in Grytgya can occur, due
to the fact that the transformer capacity on Hinngya is not adequate for satisfying current needs. Peak-shaving is also considered by the
DSO (HLK) to avoid imbalances between production and consumption and therefore congestion. Constitutes a RUC4* overall.

Four main types of stakeholders who may provide flexibility are combined:

e  The Fish farms: may be organized as a cluster, in order to reduce the impact of their connection to the grid (see the UC2 on Fish
farms LEC).

e The EV station: may contribute to the reduction of EV charging load and thus to reduction of the congestion (see UC3 on Smart
Harstad).

e The E-ferry: as a big consumer, it will use batteries on shore to flatten out its consumption profile Industrial Prosumers:
contribute to the reduction of the congestion.

e  Other industrial Producers, Consumers and Prosumers: can contribute to the reduction of the congestion.

Additionally, a HBr battery system developed by Elestor will be used for providing flexibility.

Complete description

This use -case aims at avoiding congestion for the for the benefice of the DSO (HLK Nett) which territory covers this whole area. The
BRP in this use-case is the retail branch of HLK (HLK Kunde). Grytgya is a small island located 3 km away from Hinneya. It is part of
the Harstad municipality. Gryteya grid is connected to Hinneya using a submarine cable. As the Gryteya transformer capacity is too small
to accept the additional load that the connection of the fish farms would imply, congestion is to be avoided if fish farms are to be connected
to the grid, especially in terms of reactive power. Moreover, peak-shaving is considered on the overall Hinneya and Gryteya territory.

A few prosumers are considered for providing flexibility:

. Fish farms:

Twelve offshore fish farms are situated around the Grytgya coast. Currently HLK has connected around 8 fish farms to the grid outside
Hinngya & Grytaya. Due to the limited capacity, it is difficult to connect more fish farmers in the area. The fish farms from one company
could organize themselves as a cluster and shift their consumption in order to be able to connect to the grid, while not involving too much
stress (peaks) into the network. The implementation of the connection to the grid could imply the addition of batteries to the system by

4 See the reference use-cases in the part 2.2.



the fish farms. The fish farms organized as cluster form a local energy community (see UC2), which is nested in this use-case as a complex
prosumer.

e EV charging station:

In Harstad smart city program, Harstad plans to supply electric cars and bikes for their employees at daytime, and low-cost vehicle rental
after working hours (4 pm), with a car fleet of 30 EVs in 2019. An energy grid could then be created with parked electric vehicles. A
departure time should be set by EV users to ensure (in spite of the potential reduction of charging load due to activation of load flexibility)
the delivery of required energy to EV batteries before the EV user disconnects the EV from charge point. The idea is to utilize the battery
both on the road (for EV propulsion) and plugged-in (for provision of services to grid operators). However, the vehicles are used for
medical purposes, so it is necessary that they are charged enough at all times to ensure availability for these purposes. The EV station,
along with the centre of the city of Harstad forms a local energy community (see UC3). This local energy community is nested within this
use-case as a complex prosumer.

e E-ferry:
Gryteya may in the near future be linked to Hinneya with an electrical ferry (E-ferry), that would do about 20 trips a day, and should
charge at least every four trips (most probably at each connection). A trip would take 15 min. The E-ferry brings a constraint, as its
charge may cause peak consumption. However, onshore batteries could help to flatten this consumption. The proposed solution would
require a large battery on both sides to be viable for operating the ferry. Both batteries would be constantly charged with a “low” current
and then be partially discharged when the ferry connects to port. The onshore batteries will also be used to shave power peaks for
consumer/prosumers on the island. This will allow for a postponed investment to strengthen the grid for the DSO.

e  Industrial prosumers:
Situated in a harbor near the city, they may join the use-case to offer flexibility. Data on their consumption are available as they are
equipped with smart meters. It is however unlikely that they would be interested to participate in this scheme.

e  Battery:
A battery system will be supplied by Elestor within the scope of the project. It will be situated on the island of Gryteya, in order to
contribute in the congestion avoidance use-case on Grytgya, where there is most stress on the network. It is an HBr flow battery .

This is done using the GIFT system. It is a combination of different actors developed by the solution providers (GIFT project partners):
e The Weather, Energy, S&D, Price Predictions and the Grid Observability system are used to forecast and monitor the state of
the gird. A SCADA and an MDMS system present on the field are used to provide them with the necessary data.
e  The Flex Agent and the ESB are used for communication between the elements.
e  The VPS is used as an aggregator to trade the flexibility obtained from flexibility providers.

1.5 Key performance indicators

Key performance indicators

ID Name Description Reference to mentioned
use case objectives
KPI 1.1 Benefit for DSO . . 1.2
eneitior Reduced costs of congestion avoidance (EUR/MW) 121
KPI1.2 |Avoid congestions, reduce peak Reduction of MW/h > 15% [1.2]
demand
KPI 1.3 |Distribution of grid stability Time required to activate portion of available load [1.2],1.2.3]
through responsiveness of flexibility through DR services
flexibility services
KPI 1.4 |Likelihood of prediction of Frequency of correct predictions of occurrence of [1.2.1]
congestion (voltage per power-flow | congestion > 90%
limit violation)
KPI 1.5 | Accuracy of forecast at prosumer, | Mean absolute percentage error (MAPE) [1.2.1]
MV/LV transformer or substantial
level (energy demand, generation,
flexibility)
KPI1.6 |Overall effectiveness of complete | >= 50% kWh/time unit avoided curtailment [1.2]
system in kWh for DSO — avoided
curtailment
KPI2.1 |Storage capacity installed (kW) 160 kW [1.2]
KPI2.2 Storage energy installed (kWh) 375 kWh [1.2]
KPI2.3 |Storage cost [€] <=0.10€/kWh cycle [1.2]
KPI12.4 Possible renewable integration in >10% [1.2.2]
the grid (%)




KPI2.5 |Electricity load adaptability level ( |>=15% Energy demand variation (delta MWh/h) with [1.2],[1.2.3]

%) respect to peak demand (MWh/h)
KPI3.3 |Demand response generated by >15% Energy demand variation (delta MWh /h) with [1.2],[1.2.3]
virtual energy storage in respect to peak demand (MWh/h)

demonstrated use cases in the
project (during 3 months’ testing &
evaluation period)

KPI5.4 |Reduce exchanged energy between |>=10% Weighted to size of pilot vs. size of complete [1.2]
island and mainland (kWh/year) island

1.6 Use case conditions

Use case conditions

Assumptions

Assuming the fish farms will be connected to the grid

Considering that the E-ferry is installed (this will probably not happen within the timescale of the project, but will be studied anyway).

Assuming the E-ferry can provide substantial quantities of flexibility to the grid when parked at Hinneya

Assuming private prosumers will be interested in providing flexibility to the grid (unlikely)

Assuming industrial prosumers will be interested in providing flexibility to the grid.

Prerequisites

Detailed technical information should be provided, as described in the Open questions document

1.7 Further information to the use case for classification/mapping

Classification information

Relation to the other use cases

Linked to UC2: Fish farms LEC (shared resources and actors)
Linked to UC3: Smart Harstad LEC (shared resources and actors)

Level of depth

High-level

Prioritization

High

Generic, regional or national relation

Generic

Nature of the use case

Congestion avoidance

Further keywords for classification

Congestion avoidance, Flexibility

1.8 General remarks

General remarks

The different scenarios can be combined: a combination of flexibility providers can be requested to provide flexibility for the same
congestion management event.

2 Diagrams of use case

Diagram(s) of use case
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Figure 35: UML diagram of the use-case 1.
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3 Technical details

3.1 Actors
Actors

Grouping Group Description

Business Actor Physical or legal Person that has his own interests, defined as "Business Goals"
Operator Business Actor that operates a system

Logical Actor Technical Entity that takes part in the execution of a Use Case. A Logical Actor can be mapped to a

physical component.
Actor name Actor type Actor description Further information specific
to this use case

DSO Operator Operator of the Distribution System Gets flexibility (HLK Nett)

BRP Operator Balance responsible party of the distribution system HLK Kunde

Municipality Business Physical or legal Person that has his own interests, defined as Depends of Harstad

actor "Business Goals" municipality

Weather, Forecast and | System which intends to perform weather forecast and observation | RDN, NTNU and ARMINES

Energy, S&D, | Observation | calculation and to distribute the calculated geospatially referenced | solutions

Price Systems information to all connected other systems such as Distribution

Predictions management systems, Transmission management systems,

systems DER/Generation management systems, EMS or VPPs systems for
DER, ... enabling in many cases optimized decision processes or
automation

ESB Systems Actor responsible for delivering & ensuring functional system Solution performed by ICOM

Interfacing interfaces
Support

Grid Network This actor performs network state estimation in order to allow Solution performed by ODI

observability | Operation facilities to define, prepare and optimize the sequence of

system Simulation operations required to solve or mitigate the predicted issues.

VPS Control Application | Software-based application or system INEA solution

center

FlexAgent Systems Actor responsible for delivering & ensuring functional system Solution performed by INEA

Interfacing interfaces
Support

Meter Application | Application or system responsible for Meter Reading and Control Provides necessary information

Reading and to the prediction system

Control

System

Fish farms Operator Business Actor that operates a system The organizer of consumption

cluster optimization among fish farms

Fish farms Consumer End user of electricity and heat. Organized as a cluster

Fish farms Distributed Small unit which generates energy, and which is connected to the Fish farms are looking into

energy Energy distribution grid. Loads which could modify their consumption switching their production to

production Resource according to external set points are often also considered as DER wind and wave power.

EV station Controller Automation system located at station level monitoring and The EV station manages the
controlling the devices in the grid. It can provide interface to EV load along with the storage
network control center. facility.

EVSE Battery An |IED that provides data about battery status and controls the

Controller charging/de-charging cycles

E-ferry Business Physical or legal Person that has his own interests, defined as Company owning the E-ferry

actor "Business Goals"

E-ferry station | Controller Automation system located at station level (typically in a Enables to control the E-ferry

controller substation) monitoring and controlling the devices in the network. connection to the grid from a
It can provide interface to network control center. distance.

E-ferry Process One or more cells fitted with devices necessary for use, for

batteries component example case, terminals, marking and protective devices.

Factory EMS | Demand Demand Response Management System (DRMS) is a system or an | Responsible for the flexibility

Response application which maintains the control of many load devices to management in factories.
Managemen | curtail their energy consumption in response to energy shortages or
t System high energy prices.

Industrial Business A consumer of electricity (including also agriculture users) may Provides flexibility to the DSO

Consumer actor also be involved in contract-based Demand/Response.

Industrial Controller An IED that controls any switchgear. It enables the control from In case some industrial

appliances remote centers (tele-control) and also from related automatics. It consumer devices can be

controller supervises the command execution and gives an alarm in case if directly controlled by the
switch improper ending of the command. It can also ask for releases from | FEMS, the switch controller
interlocking, synchrocheck, autoreclosure if applicable. switches them on or off
automatically.




Storage Controller Automation system located at station level (typically in a
controller substation) monitoring and controlling the devices in the network.
It can provide interface to network control center.
HBr storage Process One or more cells fitted with devices necessary for use, for Developed by Elestor
component example case, terminals, marking and protective devices.

Note: The actors types and descriptions are normalized definitions from the DISCERN project [3].

3.2 References
‘ References
No. Reference Reference Status Impact on use | Originator/organization Link
type case
4 Step by step analysis of use case
4.1 Overview of scenarios
Scenario conditions
No. | Scenario Scenario description Primary | Triggering Pre-condition Post-condition
name actor event
Sc.1 |Congestion |In order to avoid imbalances on the|Fish farms |Imbalance [The Fish farms must be(The fish farms must get
avoidance Grytoya grid, the fish farms shift their forecasted |consuming electricitylenough energy to cover
using  Fish|electricity consumption in order to from the grid. their needs at the end of]
farms reduce their impact on the grid. the feeding period.
Sc.2 |Congestion |In order to avoid imbalances, the E-|E-ferry Imbalance |The E-ferry must be[The E-ferry must still
avoidance ferry is requested to modify its load. forecasted |parked. have enough electricity|
using E-ferry to be able to return.
Sc.3 |Congestion |In order to avoid imbalances on the |EV station |Imbalance [The EV must be[The EV must be
avoidance Hinneya grid, the EV station controls forecasted |consuming electricity|charged with energy
using EV EV charging load in order to avoid it, from the grid. required by EV user|
while ensuring fulfilment of the EV (including health|
users’ requirements (delivery of services).
required energy on time).
Sc.4 | Congestion | In order to avoid imbalances on the grid, | Industrial | Imbalance The rebound effect
avoidance industrials shift their loads accordingly, | prosumers | forecasted must be avoided.
using in order to reduce their impact on the
industrials grid.
Sc.5 | Congestion | In order to avoid imbalances on the grid, | HBr storage | Imbalance
avoidance the storage is used. forecasted
using  HBr
storage
4.2 Steps — Scenarios
‘ Scenario
‘ Scenario name |Sc.1- Congestion avoidance using Fish farms
Step Event Name of Description of process/activity Service | Information Information |Requireme
No. process/activity producer (actor) |exchanged (IDs)| nts, R-IDs
St.1 | Fish farms | Flexibility offer | The Fish farms continuously informs | Report Fish farms Inf.7 Req.3
flexibility the VPS of their available flexibility.
offer
St.2 | Fish farms | Communication The Flex agent manages the Send FlexAgent Inf.7 Req.1,4,7
flexibility communications between the EMS
offer systems and the VPS.
St.3 | Imbalance Forecast The state of the grid is constantly Report |Weather, Energy,| Inf.1,2,3,5 Req.3
forecast forecasted in order to try predict S&D, Price
imbalances. Predictions
St.4 | Imbalance | Communication | The ESB manages the communications | Send ESB Inf1,2,3,4,5 |Req.1,4,7
forecast between the Predictions system and the
Grid observability system.




St.5 | Imbalance |Grid modeling / The grid behavior is constantly Report Grid Inf4 Req.3

Detection observation monitored, looking for potential observability
congestion and voltage excursion. system
St.6 | Flexibility | Communication The Flex agent manages the Send FlexAgent Inf.3, 6 Req.1,4,7
request communications from the Grid
observability system to the VPS.
St.7 | Flexibility | Virtual power The VPS manages the flexibility Create | VPS Control Inf3, 6 Req.2,5,6
request station available within the grid. When center

management | flexibility is needed, it creates requests
to the suitable flexibility provider.

St.8 | Fish farms | Communication The Flex agent manages the Send FlexAgent Inf.3, 6 Req.1,4,7
flexibility communications between the VPS and
request the EMS systems.
St.9 | Fish farms Flexibility The fish farms modify their Execute Fish farms Inf.8 Req.2
flexibility provision consumption accordingly to the grid
provision needs.
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Figure 37:UML sequence diagram of Sc.1 on fish farms

Scenario name | Sc.2- Congestion avoidance using E-ferry

Step Event Step No. Event Step Event Step No. Event

No. No.

St.1 | E-ferry Information The E-ferry continuously informs the | Report |E-ferry station [Inf.7 Req.3
flexibility | provision VPS of its available energy. controller
offer

St2 | E-ferry Communication | The Flex agent manages the Send  [FlexAgent Inf.7 Req.1,4,7
flexibility communications between the EMS
offer systems and the VPS.

St.3 |Imbalance |Forecast The state of the grid is constantly Report |Weather, Energy, |Inf.1, 2, 3, 5 Req.3
forecast forecasted in order to try predict S&D, Price

imbalances. Predictions

St.4 |Imbalance |Communication | The ESB manages the communications |Send ESB Inf.1,2,3,4,5 |Req.1,4,7

forecast between the Predictions system and the

Grid observability system.

St.5 |Imbalance |Grid modeling /| The grid behavior is constantly Report |Grid Inf.4 Req.3
Detection | observation monitored, looking for potential observability
congestion and voltage excursion. system
St.6 | Flexibility |Communication | The Flex agent manages the Send FlexAgent Inf.3, 6 Req.1,4,7
request communications from the Grid en
observability system to the VPS.
St.7 | Flexibility | Virtual power |The VPS manages the flexibility Create |VPS Control Inf.3, 6 Req.2, 5,6
request station available within the grid. When center
management flexibility is needed, it creates requests
to the suitable flexibility provider.
St.8 | E-ferry Communication | The Flex agent manages the Send  |FlexAgent Inf.8 Req.1

flexibility communications from the VPS to the
request EMS systems.




St9 | E-ferry E-ferry The station controller connects the E- | Execute |[E-ferry station  (Inf.9 Req.1,4,7
flexibility | batteries control | ferry batteries to the grid. controller
provision
St.10 | E-ferry Batteries charge | The E-ferry batteries are charged or Execute |[E-ferry batteries (Inf.9 Req.2
flexibility discharged according to the grid needs.
provision
Weather, Energy, . -
. Grid observabilit
S&D, Price Y VPS E-ferry controler E-ferry
- system
Predictions
T T T T T
:'Imbalance forecast: [ S Flexibility offer------------- 1' :
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Figure 38: UML sequence diagram of Sc.2 on E-ferry
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Scenario name

Sc.3- Congestion avoidance using EV

Step | Event Name of Description of process/activity Service |Information \Information \Requireme
No. process/activity roducer (actor) \exchanged (IDs) \nts, R-IDs
St.1 |EV Flexibility offer | The EV station informs the VPS ofits |Report |EV station Inf.7 Req.3
flexibility available energy. controller
offer
St2 |EV Communication | The Flex agent manages the Send  [FlexAgent Inf.7 Req.1,4,7
flexibility communications between the EMS
offer systems and the VPS.
St.3 |Imbalance |Forecast The state of the grid is constantly Report |Weather, Energy, |Inf.1, 2, 3, 5 Req.3
forecast forecasted in order to try predict S&D, Price
imbalances. Predictions
St.4 |Imbalance |Communication | The ESB manages the communications |Send ESB Inf.1,2,3,4,5 |Req.1,4,7
forecast between the Predictions system and the
Grid observability system.
St.5 |Imbalance |Grid modeling /| The grid behavior is constantly Report |Grid Inf.4 Req.3
Detection | observation monitored, looking for potential observability
congestion and voltage excursion. system
St.6 | Flexibility |Communication | The Flex agent manages the Send  [FlexAgent Inf.3, Inf.6 Req.1,4,7
request communications from the Grid
observability system to the VPS.
St.7 | Flexibility | Virtual power |The VPS manages the flexibility Create |VPS Control Inf.3, Inf.6 Req.2, 5,6
request station available within the grid. When center
management flexibility is needed, it creates requests
to the suitable flexibility provider.
St.8 |EV Communication | The Flex agent manages the Send  |FlexAgent Inf.8 Req.1,4,7
flexibility communications from the VPS to the
request EMS systems.
St9 |EV Batteries charge | The EV batteries are according to the | Execute [EV batteries Inf.9 Req.2
flexibility grid needs, while still ensuring a
provision required level of charge at the end of
charging session.
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Figure 39: UML sequence diagram for SC.3 on EV

EV

Scenario name

Sc.4- Congestion avoidance using industrials

Step | Event Name of Description of process/activity Service |Information \Information \IRequireme
No. Dprocess/activity roducer (actor) |exchanged (IDs) |nts, R-IDs
St.1 |Industrials | Flexibility offer | The metering systems continuously Report |[Meter Reading |Inf.7 Req.3
flexibility informs the VPS of its available energy. and Control
offer System
St.2  |Industrials | Communication | The Flex agent manages the Send  |FlexAgent Inf.7 Req.1,4,7
flexibility communications between the EMS
offer systems and the VPS.
St.3 |Imbalance |Forecast The state of the grid is constantly Report |Weather, Energy, |Inf.1, 2, 3, 5 Req.3
forecast forecasted in order to try predict S&D, Price
imbalances. Predictions
St.4 |Imbalance |Communication | The ESB manages the communications | Send ESB Inf.1,2,3,4,5 |Req.1,4,7
forecast between the Predictions system and the
Grid observability system.
St.5 |Imbalance |Grid modeling /| The grid behavior is constantly Report |Grid Inf.4 Req.3
Detection | observation monitored, looking for potential observability
congestion and voltage excursion. system
St.6 | Flexibility |Communication | The Flex agent manages the Send  [FlexAgent Inf.3, Inf.6 Req.1,4,7
request communications from the Grid
observability system to the VPS.
St.7 | Flexibility | Virtual power |The VPS manages the flexibility Create |VPS Control Inf.3, Inf.6 Req.2, 5,6
request station available within the grid. When center
management flexibility is needed, it creates requests
to the suitable flexibility provider.
St.8 |Industrials | Communication | The Flex agent manages the Send  [FlexAgent Inf.8 Req.1,4,7
flexibility communications from the VPS to the
request devices.
St.9 |Industrials | Flexibility If applicable, the switch controller Execute |Industrial Inf.9 Req.2
flexibility | provision modifies the consumption of the appliances
provision remotely controlled EMS systems. switch controller
St.10 |Industrials | Flexibility The industrial consumers modify their | Execute |Industrial Inf.10 Req.2
flexibility | provision consumption accordingly to the grid consumers
provision needs.
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Figure 40:UML sequence diagram for SC.4 on industrials
Scenario name Sc.5- Congestion avoidance using HBr storage
Step | Event Name of Description of process/activity Service |Information \Information \Requireme
No. process/activity iproducer (actor) lexchanged (IDs) |nts, R-IDs
St.1 | Smart Flexibility offer | The metering systems continuously Report |Storage Inf.7 Req.3
meters inform the VPS of their available controller
flexibility energy.
offer
St.2 | Consumers |Communication | The Flex agent manages the Send  [FlexAgent Inf.7 Req.1,4,7
flexibility communications between the EMS
offer systems and the VPS.
St.3  |Imbalance |Forecast The state of the grid is constantly Report |Weather, Energy, |Inf.1, 2, 3, 5 Req.3
forecast forecasted in order to try predict S&D, Price
imbalances. Predictions
St.4 |Imbalance |Communication | The ESB manages the communications | Send ESB Inf.1,2,3,4,5 |[Req.1,4,7
forecast between the Predictions system and the
Grid observability system.
St.5 | Congestion |Grid modeling / | The grid behavior is constantly Report |Grid Inf.4 Req.3
Detection | observation monitored, looking for potential observability
congestion and voltage excursion. system
St.6 | Flexibility |Communication | The Flex agent manages the Send  [FlexAgent Inf.3, 6 Req.1,4,7
request communications from the Grid
observability system to the VPS.
St.7 | Flexibility | Virtual power |The VPS manages the flexibility Create |VPS Control Inf.3, 6 Req.6
request station available within the grid. When center
management flexibility is needed, it creates requests
to the suitable flexibility provider.
St.8 | Consumers |Communication | The Flex agent manages the Send  [FlexAgent Inf.3, Inf.6 Req.1,4,7
flexibility communications from the VPS to the
request EMS systems.
St.9 | Flexibility |Flexibility The storage controller modifies the Execute |Storage Inf.9 Req.2
activation |activation battery power. controller
St.10 |Flexibility | Flexibility The battery is charged or discharged Execute [HBr storage Inf.9 Req.2
provision | provision accordingly to the grid needs.




Weather, Energy,
S&D, Price

Predictions

|
[ Imbalance forecast

Grid observability

VPS
system

HBr Storage

I Imbalance
detection

request g

|
|
I Flexibility |
|
| |
|
| |

Figure 41: UML sequence diagram of Sc.5 on HBr storage

|
[ Flexibility offer--—--—-------

—Flexibility request———

5 Information exchanged

Information exchanged

Information Name of Description of information exchanged Requireme
exchange, ID | information nt, R-IDs
Inf.1 Weather The weather forecast is an input of the prediction system that enables to predict the future [Req.3
forecast state of the grid.
Inf2 S&D Supply and demand data are transferred to the Grid observability system. It is used to Req.3
predict congestion through the Weather, Energy, S&D, Price Predictions system.
Inf.3 Price The energy price is predicted by the Weather, Energy, S&D, Price Predictions system. Req.3
Inf.4 Grid state The grid state is observed by the Grid observability system. It is used to directly detect Req.3
congestion, or to predict congestion through the Weather, Energy, S&D, Price Predictions
system.
Inf.5 Grid state The Weather, Energy, S&D, Price Predictions system along with the Grid observability Req.3
prediction system are able to predict the Grid state on a short- and long-term basis.
Inf.6 Power needed | The power needed to avoid congestion is assessed by the Grid observability system. Req.3
Inf.7 Power The available power is calculated by the different flexibility providers based on the Req.3
available availability and flexibility of their components.
Inf.8 Power The power requested from each flexibility provider is decided by the VPS in order to get  [Req.5
requested the necessary flexibility from the available providers.
Inf.9 Power The controller receives the power modification requested by the VPS and executes the Req.2
modified action by directly modifying the power at device level.
Inf.10 Power The new power consumption by a flexibility provider following a power request from a Req.5
consumption |VPS

Note: the structure of this information is detailed in D2.3.

6 Requirements

(optional)

Requirements (optional)

Categories ID Category name for Category description
requirements
Requirement Requirement name Requirement description
R-ID
Req.1 Interoperability The interoperability is essential for the different elements of the system to be able to
communicate. Interoperability is provided by FlexAgent and ESB systems.
Req.2 Response time The different elements of the system should have a low response time in order to be able
to avoid blackouts in case the congestion was not forecasted.
Req.3 Accuracy The forecast and grid modelling should be accurate enough to be able to detect
congestion in advance and avoid blackouts (see KPI 1.4 and 1.5).




Req.4

Communication security

The communication channels should be protected against possible attacks.

Req.5 Equity The different flexibility providers should be transparently requested and equitably
rewarded

Req.6 Visualization Flexibility providers should be able to visualize incentives for flexibility

Req. 7 Privacy and data protection | The personal and sensitive data should be handled in compliance with RGPD and

confidentiality agreements.

Note: these requirements are detailed in D2.2.

7 Common terms and definitions

Common terms and definitions

Term Definition

BRP Balance responsible party

DR Demand response

DSM Demand Side Management

DSO Distribution system operator

E-ferry Electrical ferry

EV Electric vehicle

FF Fish farms

IED Intelligent Electronic Device

Prosumer Consumer of electricity that can as well provide energy to the grid

S&D Supply and demand of energy

VPS Virtual power system: aggregation of intermittent power systems that can ensure the same levels of reliability as a

classic power system.
8 Custom information (optional)
Custom information (optional)
Key Value \Refers to section
1. Description of the use case
1.1 Name of the use-case
Use case identification
ID Area/Domain/Zone(s) Name of the use case

uc2

Distribution system, DER, Customers

Fish farms local energy community

1.2 Version management

Version management

Version Date Name of author(s) Changes Approval status
No.
1.0 24/05/2019 Dune Sebilleau Document initiation Development

1.3 Scope and objective of use case

Scope and objectives of the use case

Scope

Grytgya electricity grid and potential prosumers should be monitored and steered in order to allow the
connection of the fish farms to the grid while optimizing the consumption of electricity and reduce their
impact on the grid. It will also promote this scheme to involve more fish farms in the area.




Objective(s) The main objective is to decarbonize the fish farms energy consumption by connecting them to the Grytgya
energy grid. Therefore, the objectives are:
[1] Reduce the use of hydrocarbon-based energies
[1.1] Allow a high level of penetration of renewable energy
[1.2] Increase efficiency in Grytaya electricity grid
[1.2.1] Provide observability of the grid
[1.2.2] Develop synergies between energy networks
[1.2.3] Provide flexibility in consumption

Related business case(s) Demand side management, Renewable energy integration, Connection of fish farms to the grid.

1.4 Narrative of use case

Narrative of use case

Short description

The Fish farms will organize themselves as a local energy community and optimize their consumption to apply for grid connection. This
LEC will be driven by HLK retail (HLK Kunde), who will as well play the role of aggregator. In particular, fish farms from the same
company (for example Nordlaks at Bjarkay); or fish farms in close area (for example, one Salaks fish farm at Grytgya plus two Salmar
fish farms at Sandsgya) may organize as a cluster to reduce their impact on the grid, which network is already stressed due to the fact that
the transformer capacity on Hinngya is too small. Constitutes a RUC2 / RUC5°.

Complete description

Grytaya is a small island located 3 km away from Hinngya. It is part of the Harstad municipality. Grytgya grid is connected to Hinngya
using a submarine cable. As the Grytgya cable transformer capacity on Hinngya is too small to accept the additional load that the
connection of the fish farms would imply, the fish farms will organize as a LEC to lower their impact on the grid both in terms of active
and reactive power. This UC will be run by HLK Kunde, that will play the role of a BRP.

Three offshore fish farms are situated ~200 m away from Grytgya coast; two offshore fish farms are located at ~200 m away from Sandsgya
coast which is close to the east of Grytgya. There are also another two fish farms located at ~200 m away from Bjarkaya coast, which is
close to the north of Grytaya. Please see the figure 1. One of those three are connected to existing grid provided by DSO. The power
generation for these farms uses diesel engines which generates a lot of greenhouse gas emissions. Thus, fish farmers are looking for
Renewable energy sources to be used in fish farms. However, connecting more RES into the fish farms grid might introduce the curtailment
in the energy grid due to the stochastic nature of RES. PV is not to be considered for that purpose, as there is too much snow and not
enough light in the winter, but there is potential for wind.
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5 See reference use-cases in part 2.2.



The fish farm (Salaks) visited on May 2", 2019 consumes 60,000 liter of diesel per year for 13 fish cages. One generation of fish will take
15 months to grow, followed by a 3-6 months break. The diesel generators are mainly used for heating of platform and fish feeding and
other operation requirement (i.e underwater lighting in winter and monitoring). The energy for feeding depends on fish life cycle. The
farm has sent an application to be connected the grid, with 200 - 500 kW peak power, depending on the location.

Currently HLK has connected around 8 fish farms to the grid outside Hinngya & Grytaya. Due to the limited capacity, it is difficult to
connect more fish farmers in Hinngya-Grytgya-Sandsgya-Bjarkeya area.

The fish farms from one company could organize themselves as a cluster and shift their consumption in order to be able to connect to the
grid, while not involving too much stress (peaks) into the network.

The implementation of the connection to the grid could imply the addition of batteries to the system by the fish farms.

This is done using the GIFT system. It is a combination of different actors developed by the solution providers (GIFT project partners):
e  The Weather, Energy, S&D, Price Predictions and the Grid Observability system are used to forecast and monitor the state of
the gird. A SCADA and an MDMS system present on the field are used to provide them with the necessary data.
e  The FlexAgent and the ESB are used for communication between the elements.

The VPS is used as an aggregator to trade the flexibility obtained from flexibility providers.

1.5 Key performance indicators

Key performance indicators

ID Name Description Reference to mentioned
use case objectives

KPI1.2 |Avoid congestions, reduce peak | Reduction of MW/h > 15% [1.2]
demand

KPI 1.5 |Accuracy of forecast at prosumer, | Mean absolute percentage error (MAPE) [1.2.1]
MV/LV transformer or substantial
level (energy demand, generation,
flexibility)

KPI 2.4 |Possible renewable integration in|>10% [1.2.2]
the grid (%)

KPI 2.5 |Electricity load adaptability level ( |>=15% Energy demand variation (delta MWh/h) with |[1.2]
%) respect to peak demand (MWh/h)

KPI13.3 |Demand response generated by |>15% Energy demand variation (delta MWh /h) with|[1.2]
virtual energy  storage in | respect to peak demand (MWh/h)
demonstrated use cases in the
project (for 3 months’ testing &
evaluation period)

KPI 3.4 | Capable of integrating large share of | +10/-30% Safe increase of installed capacity (MW) with |[1.2.2]
renewables respect to initial capacity margins with no available demand

response

KPI13.5 |Reduction of fuel for heating and | >= Percentage of captured heat from primary processes for | [1.1], [1]
cooling (%) & related GHG |included prosumers
emission (tons eq. CO2)

KPI 3.6 |Reduction consumption for back-up | >=15% [1]
energy system (%)

1.6 Use case conditions

Use case conditions

Assumptions

Assuming the fish farms will be connected to the grid

Assuming the fish farms from the same company will organize as a cluster.

Prerequisites

Detailed technical information should be provided, as described in the Open questions document

1.7 Further information to the use case for classification/mapping

Classification information

Relation to the other use cases

Linked to UC1: Congestion avoidance (shared resources and actors)
Linked to UC3: Hinngya (shared resources and actors)




Level of depth

General

Prioritization

High

Generic, regional or national relation

Generic

Nature of the use case

Optimized consumption in a local energy community

Further keywords for classification

Local Energy Community, Flexibility

1.8 General remarks

General remarks

The different scenarios can be combined: a combination of flexibility providers can be requested to provide flexibility at the same time.

2 Diagrams of use case

Diagram(s) of use case
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3 Technical details

3.1 Actors
Actors
Grouping Group Description
Business Actor Physical or legal Person that has his own interests, defined as "Business Goals"
Operator Business Actor that operates a system
Logical Actor Technical Entity that takes part in the execution of a Use Case. A Logical Actor can be mapped to a
physical component.
Actor name Actor type Actor description Further information specific
to this use case
DSO Operator Operator of the Distribution System HLK Nett
BRP Operator Balance responsible party of the distribution system HLK Kunde
Municipality Business Physical or legal Person that has his own interests, defined as | Depends of Harstad
actor "Business Goals" municipality
Weather, Weather System which intends to perform weather forecast and observation | RDN, NTNU and ARMINES
Energy, S&D, | Forecast and | calculation and to distribute the calculated geospatially referenced | solutions
Price Observation | information to all connected other systems such as Distribution
Predictions System management  systems, Transmission management systems,
DER/Generation management systems, EMS or VVPPs systems for
DER, ... enabling in many cases optimized decision processes or
automation
ESB Systems Actor responsible for delivering & ensuring functional system | Solution performed by ICOM
Interfacing interfaces
Support
Grid Network This actor performs network state estimation in order to allow | Solution performed by ODI
observability | Operation facilities to define, prepare and optimize the sequence of operations
system Simulation required to solve or mitigate the predicted issues.
VVPS Control | Application | Software-based application or system INEA solution
center
FlexAgent Systems Actor responsible for delivering & ensuring functional system | Solution performed by INEA
Interfacing interfaces
Support
Meter Application | Application or system responsible for Meter Reading and Control Provides necessary
Reading and information to the prediction
Control system
System
Fish farms | Operator Business Actor that operates a system The organizer of consumption
cluster optimization among fish farms
Fish farms Consumer End user of electricity and heat. Organized as a cluster
Fish farms | Distributed Small unit which generates energy, and which is connected to the | Fish are looking into switching
energy Energy distribution grid. Loads which could modify their consumption | their production to wind and
production Resource according to external set points are often also considered as DER wave power.
3.2 References
References
No. Reference Reference Status Impact on use | Originator/organizatio Link
type case n
4 Step by step analysis of use case
4.1 Overview of scenarios
Scenario conditions
No. Scenario Scenario description Primary | Triggering Pre-condition Post-condition
name actor event
Sc.1 | Optimized To increase their consumption efficiency | Fish Congestion [The Fish farms must[The fish farms must be
consumption |and reduce the impact on Grytgya grid, | farms forecasted |be consumingfall able to cover their|
at Fish farms |the Fish farms shift their electricity electricity from thelenergy needs at the end
consumption in order to reduce their grid. of the feeding period.
impact on the grid.
4.2 Steps — Scenarios
Scenario
Scenario name Sc.1- Optimized consumption at Fish farms




Step |Event Name of | Description of process/activity Service | Information | Information | Require
No. process/activity producer exchanged ments,
(actor) (I1Ds) R-1Ds

St.1 |Fish farms | Flexibility offer | The Fish farms informs the VVPS of their Report | Fish farms Inf.7 Req.3
flexibility available energy.
offer

St.2  |Fish farms | Communication | The Flex agent manages the Send FlexAgent Inf.7 Req.1,
flexibility communications between the EMS systems 4,7
offer and the VPS.

St.3 |Grid state | Forecast The state of the grid is constantly Report | Weather, Inf.1,2,3,5 | Req.3
forecast forecasted in order to try predicting Energy,

congestion. S&D, Price
Predictions

St4 | Grid state | Communication | The ESB manages the communications Send ESB Inf.1, 2, 3, Req.1,

forecast between the Predictions system and the 4,5 4,7
Grid observability system.

St.5 |Congestion |Grid modelling | The grid behaviour is constantly Report | Grid Inf.4 Req.3
Detection |/ observation monitored, looking for potential congestion observabilit

and voltage excursion. y system

St.6 |Flexibility |Communication | The Flex agent manages the Send FlexAgent Inf.3, 6 Req.1,
request communications from the Grid 4,7

observability system to the VVPS.

St.7 |Flexibility | Virtual power | The VPS manages the flexibility available |Create | VPS Inf.3, 6 Req.2,
request station within the grid. When flexibility is needed, Control 5,6

management it creates requests to the suitable flexibility centre
provider.

St.8 |Fish farms | Communication | The Flex agent manages the Send FlexAgent Inf.3, 6 Req.1,
flexibility communications from the VPS to the EMS 4,7
request systems.

St.9 | Fish farms | Flexibility The fish farms shift their consumption Execute | Fish farms Inf.8 Req.2
flexibility | provision accordingly to the grid needs.
provision

Weather, Energy . -
T ' Grid observability
S&D, Price svstem VPS Fish farms
Predictions y
T T T T
| | | |
[ Imbalance forecast, S Flexibility offer------------- 1
| | Imbalance | |
exibility
| | request ! |
I I —Flexibility request———
| | | |
Figure 44: UML sequence diagram of Sc.1 on fish farms
5 Information exchanged
Information exchanged
Information Name of Description of information exchanged Requireme
exchange, ID | information nt, R-1Ds

Inf.1 Weather The weather forecast is an input of the prediction system that enables to predict the future | Req.3

forecast state of the grid.

Inf.2 S&D Supply and demand data are transferred to the Grid observability system. It is used to predict| Req.3

congestion through the Weather, Energy, S&D, Price Predictions system.

Inf.3 Price The energy price is predicted by the Weather, Energy, S&D, Price Predictions system. Req.3




Inf.4 Grid state The grid state is observed by the Grid observability system. It is used to directly detect| Req.3
congestion, or to predict congestion through the Weather, Energy, S&D, Price Predictions
system.

Inf.5 Grid state | The Weather, Energy, S&D, Price Predictions system along with the Grid observability | Req.3

prediction system are able to predict the Grid state on a short- and long-term basis.

Inf.6 Power needed | The power needed to avoid congestion is assessed by the Grid observability system. Req.3

Inf.7 Power The available power is calculated by the different flexibility providers based on the | Req.3

available availability and flexibility of their components.

Inf.8 Power The power requested from each flexibility provider is decided by the VPS in order to get | Req.5

requested the necessary flexibility from the available providers.

Inf.9 Power The controller receives the power modification requested by the VPS and executes the | Req.2

modified action by directly modifying the power at device level.

Inf.10 Power The new power consumption by a flexibility provider following a power request froma VVPS | Req.5

consumption

Note: the structure of this information is detailed in D2.3.

6 Requirements

(optional)

Requirements (optional)

Categories ID

Category name for
requirements

Category description

Requirement

Requirement name

Requirement description

confidentiality agreements.

R-1D

Req.1 Interoperability The interoperability is essential for the different elements of the system to be able to
communicate. Interoperability is provided by FlexAgent and ESB systems.

Req.2 Response time The different elements of the system should have a low response time in order to be able
to avoid blackouts in case the congestion was not forecasted.

Req.3 Accuracy The forecast and grid modelling should be accurate enough to be able to detect
congestion in advance and avoid blackouts (see KPI 1.4 and 1.5).

Req.4 Communication security The communication channels should be protected against possible attacks.

Req.5 Equity The different flexibility providers should be transparently requested and equitably
rewarded.

Req.6 Visualization Flexibility providers should be able to visualize incentives for flexibility

Req. 7 Privacy and data protection | The personal and sensitive data should be handled in compliance with RGPD and

Note: these requirements are detailed in D2.2.

7 Common terms and definitions

Common terms and definitions
Term Definition
BRP Balance responsible party
DSM Demand Side Management
DSO Distribution system operator
E-ferry Electrical ferry
FF Fish farms
Prosumer Consumer of electricity that can as well provide energy to the grid
S&D Supply and demand of energy
VPS Virtual power system: aggregation of intermittent power systems that can ensure the same levels of reliability as a
classic power system.




8 Custom information (optional)

Custom information (optional)

Key Value Refers to section

1. Description of the use case
1.1 Name of the use-case

Use case identification

ID Area/Domain/Zone(s) Name of the use case

ucC3 Distribution system, DER, Customers Smart Harstad Local energy community

1.2 Version management

Version management

Version Date Name of author(s) Changes Approval status
No.
1.0 13/06/2019 Dune Sebilleau Document initiation Development

1.3 Scope and objective of use case

Scope and objectives of the use case

Scope The city center of Harstad will form a local energy community, regrouping several prosumers to optimize
their electricity consumption. In order to reduce the use of fossil fuels, municipality vehicles in the city
center will be replaced by EVs. However, the availability of these EVs should be ensured, as they are
used for health services. Moreover, Harstad energy grid should be monitored in order to optimize balance
and temper the impact of new electric vehicles while decarbonizing the transport energy.

Objective(s) The main objective is to create a local energy community in order to decarbonize the transport, while
ensuring the availability of the electric vehicles in the city center.
[1] Reduce the use of hydrocarbon-based energies
[1.1] Optimize balance in Hinneya electricity grid
[1.1.1] Provide observability of the grid
[1.1.2] Provide flexibility in consumption
[1.1.3] Reduce peak demand
[1.2] Decarbonize the transport network
[1.2.1] Develop synergies between energy networks
[1.2.2] Reduce the impact of EV on the network
[2] Ensure availability of service for electric vehicles in the city center at all times
[2.1] Develop storage systems

Related business case(s) Congestion management, Demand side management, Renewable energy integration, Availability of
service for EV.

1.4 Narrative of use case

Narrative of use case

Short description

The city centre of Harstad is to be organized into a LEC (RUC56), gathering an EV station outside the city hall coupled to a storage
capacity and individual prosumers, in order to increase its autonomy and efficiency. Also, the E-ferry charging should be managed to
optimize consumption in the Smart Harstad grid.

Complete description

This use-case gathers different complex prosumers organized as a LEC. They will combine their flexibility in consumption to increase
efficiency, enabling to decarbonize the transport network. This local energy community will be situated in the Harstad city center and
driven by Harstad municipality, while HLK Kunde will play the role of a BRP. It will gather:

e  EV charging station:

6 See reference use-cases in part 2.2.



In Harstad smart city program, Harstad plans to rent electric vehicles and bikes for their employees at daytime, and low-cost vehicle rental
after working hours (4 pm), with a car fleet of up to 30 EVs in 2019. We could then create an energy grid with parked electric vehicles. A
departure time should be set by EV users to ensure (in spite of the potential reduction of charging load due to activation of load flexibility)
the delivery of required energy to EV batteries before the EV user disconnects the EV from charge point. The idea is to utilize the battery
both on the road and plugged in. However, the vehicles are used for medical purposes, so it is necessary that they are charged enough at
all times to ensure availability for these purposes. Caution should be especially made to ensure the availability to these EV's during power
failure in the grid, e.g use of a battery between the EVs and the grid.

The City hall is heated with biomass through District heating, which helps to decarbonize the heat network. The LEC will help
this kind of initiatives to grow and involve more individual prosumers in the energy issues.

This is done using the GIFT system. It is a combination of different actors developed by the solution providers (GIFT project partners):

The Weather, Energy, S&D, Price Predictions and the Grid Observability system are used to forecast and monitor the state of
the gird. A SCADA and an MDMS system present on the field are used to provide them with the necessary data.

The FlexAgent and the ESB are used for communication between the elements.

The VPS is used as an aggregator to trade the flexibility obtained from flexibility providers.

1.5 Key performance indicators

Key performance indicators

microgrid, BRP level (energy
demand, generation, flexibility)

ID Name Description Reference to mentioned
use case objectives
KPI1.4 |Likelihood of prediction of Frequency of correct predictions of occurrence of [1.1.1]
congestion (voltage per power-flow | congestion > 90%
limit violation)
KPI 1.5 |Accuracy of forecast at prosumer, | Mean absolute percentage error (MAPE) [1.1.1]
MV/LV transformer or substantial
level (energy demand, generation,
flexibility)
KPI2.1 Storage capacity installed (kW) 160 kW [1.1],[2.1]
KPI2.2 |Storage energy installed (kWh) 375 kWh [1.1],[2.1]
KPI2.3 | Storage cost [€] <=0.10€/kWh cycle [1.1],[2.1]
KPI2.5 |Electricity load adaptability level ( | >=15% Energy demand variation (delta MWh/h) with [1.1.2]
%) respect to peak demand (MWh/h)
KPI3.1 |Reduction consumption for backup | Considering e-Vehicles in city traffic [1.2]
energy system (%)
KPI3.2 | Flexibility range at average % charging load variation without violation of user needs [[1.1.2],[1.2.1]
occupancy of charging spots compared to baseline (+10%/-30%)
KPI3.3 | Demand response generated by >15% Energy demand variation (delta MWh /h) with [1.1.2],[1.2.1]
virtual energy storage in respect to peak demand (MWh/h)
demonstrated use cases in the
project (during 3 months’ testing &
evaluation period)
KPI3.5 |Reduction of fuel for heating and | >= Percentage of captured heat from primary processes for |[1.2], [1]
cooling (%) & related GHG included prosumers
emission (tons eq. CO2)
KPI 3.6 |Reduction consumption for back- |>=15% [1]
up energy system (%)
KPI5.1 |Lessen the burden of power grids | MWh/h of self-consumed energy > 10% [1.1]
through self-consumption
KPI5.2 | Grid state observability near real- . . 1.1.1
timle and forecas\; y Number of observed grid state variables (voltage, power [ I
flows) with respect to possible states of interest (>80%)
KPI5.3 | Accuracy of forecasts at Mean Absolute Percentage Error (MAPE) <5 % [1.1.1]

1.6 Use case conditions

Use case conditions




Assumptions

Assuming the EVs can provide flexibility.

Prerequisites

Detailed technical information should be provided, as described in the Open questions document

1.7 Further information to the use case for classification/mapping

Classification information

Relation to the other use cases

Linked to UC1: Congestion avoidance
Linked to UC2: Fish Farms LEC (shared resources and actors)

Level of depth

General

Prioritization

Normal

Generic, regional or national relation

Generic

Nature of the use case

Congestion management in a local energy community

Further keywords for classification

Congestion management, Local Energy Community, Flexibility,

1.8 General remarks

General remarks

congestion management event.

The different scenarios can be combined: a combination of flexibility providers can be requested to provide flexibility for the same

2 Diagrams of use case

Diagram(s) of use case
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Figure 46: Component layer of the SGAM architecture for UC3.
3 Technical details
3.1 Actors
Actors
Grouping Group Description
Business Actor Physical or legal Person that has his own interests, defined as "Business Goals"
Operator Business Actor that operates a system




Logical Actor Technical Entity that takes part in the execution of a Use Case. A Logical Actor can be mapped to a
physical component.
Actor name Actor type Actor description Further information specific
to this use case
DSO Operator Operator of the Distribution System HLK Nett
BRP Operator Balance responsible party of the distribution system HLK Kunde
Municipality Business Physical or legal Person that has his own interests, defined as Harstad municipality is the
actor "Business Goals" LEC driver.
Weather, Weather System which intends to perform weather forecast and observation | RDN, NTNU and ARMINES
Energy, S&D, | Forecast and | calculation and to distribute the calculated geospatially referenced | solutions
Price Observation | information to all connected other systems such as Distribution
Predictions System management systems, Transmission management systems,
DER/Generation management systems, EMS or VPPs systems for
DER, ... enabling in many cases optimized decision processes or
automation
ESB Systems Actor responsible for delivering & ensuring functional system Solution performed by ICOM
Interfacing interfaces
Support
Grid Network This actor performs network state estimation in order to allow Solution performed by ODI
observability | Operation facilities to define, prepare and optimize the sequence of
system Simulation operations required to solve or mitigate the predicted issues.
VPS Control Application | Software-based application or system INEA solution
center
FlexAgent Systems Actor responsible for delivering & ensuring functional system Solution performed by INEA
Interfacing interfaces,
Support
Meter Application | Application or system responsible for Meter Reading and Control Provides necessary information
Reading and to the prediction system. Used
Control by Home and industrial
System consumers.
EV station Controller Automation system located at station level monitoring and The EV station manages the
controlling the devices in the grid. It can provide interface to EV load.
network control center.
EV charging Process A (usually cloud based) ICT tool for monitoring and control of
control centre | component operation of EV stations; it communicates with EV stations and
with VPS (via FA)
3.2 References
‘ References
No. Reference Reference Status Impact on use | Originator/organization Link
type case
4 Step by step analysis of use case
4.1 Overview of scenarios
Scenario conditions
No. Scenario Scenario description Primary | Triggering Pre-condition Post-condition
name actor event
Sc.1 | Consumption |In order to avoid imbalances on the EV station |Congestion (The EV must be The EV batteries must
optimization |Hinneya grid, the EV station controls forecasted |consuming be charged with energy
at EV EV charging load in order to avoid it, electricity from the [required by EV user
while ensuring fulfilment of the EV grid. (including health
users’ requirements (delivery of services).
required energy on time).
4.2 Steps — Scenarios
Scenario name  |Sc.1- Consumption optimization at EV
Step | Event Name of Description of process/activity Service |Information \Information \IRequireme
No. Dprocess/activity roducer (actor) \exchanged (IDs) |nts, R-IDs
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Figure 47: UML sequence diagram for SC.1 on EV

|
| —Flexibility activation———

St.1 |EV Flexibility offer | The EV station continuously informs Report |EV station Inf.7 Req.3
flexibility the VPS of its available energy. controller
offer
St2 |EV Communication | The Flex agent manages the Send  |[FlexAgent Inf.7 Req.1,4,7
flexibility communications between the EMS
offer systems and the VPS.
St.3 |Imbalance |Forecast The state of the grid is constantly Report |Weather, Energy, |Inf.1, 2, 3, 5 Req.3
forecast forecasted in order to try predicting S&D, Price
congestion. Predictions
St.4 |Imbalance |Communication | The ESB manages the communications |Send ESB Inf.1,2,3,4,5 |Req.1,4,7
forecast between the Predictions system and the
Grid observability system.
St.5 |Imbalance |Grid modeling/ |The grid behavior is constantly Report  |Grid Inf.4 Req.3
Detection | observation monitored, looking for potential observability
congestion and voltage excursion. system
St.6 | Flexibility | Communication |The Flex agent manages the Send FlexAgent Inf.3, 6 Req.1,4,7
request communications from the Grid en
observability system to the VPS.
St.7 | Flexibility | Virtual power The VPS manages the flexibility Create |VPS Control Inf.3, 6 Req.2, 5,6
request station available within the grid. When center
management flexibility is needed, it creates requests
to the suitable flexibility provider.
St.8 |EV Communication | The Flex agent manages the Send  [FlexAgent Inf.3, 6 Req.1,4,7
flexibility communications from the VPS to the
request EMS systems.
St9 |EV Batteries charge | The EV batteries are charged according | Execute [EV batteries Inf.9 Req.2
flexibility to the grid needs, while still ensuring a
provision required level of charge at the end of
charging session.
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5 Information exchanged

Information exchanged

Information Name of Description of information exchanged Requireme
exchange, ID | information nt, R-IDs
Inf.1 Weather The weather forecast is an input of the prediction system that enables to predict the future [Req.3
forecast state of the grid.
Inf.2 S&D Supply and demand data are transferred to the Grid observability system. It is used to Req.3
predict congestion through the Weather, Energy, S&D, Price Predictions system.
Inf.3 Price The energy price is predicted by the Weather, Energy, S&D, Price Predictions system. Req.3
Inf.4 Grid state The grid state is observed by the Grid observability system. It is used to directly detect Req.3
congestion, or to predict congestion through the Weather, Energy, S&D, Price Predictions
system.
Inf.5 Grid state The Weather, Energy, S&D, Price Predictions system along with the Grid observability Req.3
prediction system are able to predict the Grid state on a short- and long-term basis.




Inf.6 Power needed | The power needed to avoid congestion is assessed by the Grid observability system. Req.3

Inf.7 Power The available power is calculated by the different flexibility providers based on the Req.3
available availability and flexibility of their components.

Inf.8 Power The power requested from each flexibility provider is decided by the VPS in order to get  [Req.5
requested the necessary flexibility from the available providers.

Inf.9 Power The controller receives the power modification requested by the VPS and executes the Req.2
modified action by directly modifying the power at device level.

Inf.10 Power The new power consumption of a flexibility provider following a power request from a Req.5
consumption |VPS

Inf.11 Autonomous | The disconnection of the EV station from the grid.
mode

Inf.12 Power to The power necessary to charge the EV.
charge

Note: the structure of this information is detailed in D2.3.

6 Requirements (optional)

Requirements (optional)

Categories ID Category name for Category description
requirements
Requirement Requirement name Requirement description
R-ID
Req.1 Interoperability The interoperability is essential for the different elements of the system to be able to
communicate. Interoperability is provided by FlexAgent and ESB systems.
Req.2 Response time The different elements of the system should have a low response time in order to be
able to avoid blackouts in case the congestion was not forecasted.
Req.3 Accuracy The forecast and grid modelling should be accurate enough to be able to detect
congestion in advance and avoid blackouts (see KPI 1.4 and 1.5).
Req.4 Communication security The communication channels should be protected against possible attacks.
Req.5 Equity The different flexibility providers should be transparently requested and equitably
rewarded
Req.6 Visualization Flexibility providers should be able to visualize incentives for flexibility
Req. 7 Privacy and data protection | The personal and sensitive data should be handled in compliance with RGPD and
confidentiality agreements.

Note: these requirements are detailed in D2.2.

7 Common terms and definitions

Common terms and definitions
Term Definition
BRP Balance responsible party
DSM Demand Side Management
DSO Distribution system operator
EV Electric vehicle
LEC Local energy community
Prosumer Consumer of electricity who can as well provide energy to the grid
S&D Supply and demand of energy
VPS Virtual power system: aggregation of intermittent power systems that can ensure the same levels of reliability as a
classic power system.

8 Custom information (optional)




Custom information (optional)

Key Value IRefers to section

1. Description of the use case
1.1 Name of the use-case

Use case identification

ID Area/Domain/Zone(s) Name of the use case

uc4 Distribution system, DER, Customers Procida Local energy community

1.2 Version management

Version management

Version Date Name of author(s) Changes Approval status
No.
1.0 24/05/2019 Dune Sebilleau Document initiation Development

1.3 Scope and objective of use case

Scope and objectives of the use case

Scope Procida network is to be organized as a local energy community, in order to reduce the dependency to the
mainland, improve the efficiency of the grid and avoid summer congestion and blackouts. This would be
used as an incentive for the individual prosumers to invest in renewable electricity production (PV). A
few public buildings would participate in this scheme.

Objective(s) The main objectives are to create a local energy community, and to manage the congestion issues:
[3] Reduce the use of hydrocarbon-based energies
[3.1] Allow a high level of penetration of renewable energy
[3.1.1] Involve citizen through self-consumption
[3.1.2] Increase the renewable energy production
[3.2] Reduce dependency to the mainland
[3.2.1] Increase storage capacity
[4] Optimize the consumption of electricity
[4.1] Provide observability of the grid
[4.2] Provide flexibility in consumption

Related business case(s) Demand side management, Renewable energy integration,

1.4 Narrative of use case

Narrative of use case

Short description

Create a local energy community in Procida (RUCS5), driven by the municipality in order to decrease its dependency on the connection to
the mainland, and optimize its consumption of energy. This LEC will as well be the driver for the development of renewable electricity
production using PV.

Complete description

This use-case aims to create a local energy community at Procida, in order to increase the citizen implication in the energy network, to
improve the energy efficiency and to develop the share of renewables. The local energy community will be driven by Procida
municipality and run by an external BRP. This use-case would be supported by a few public buildings, that are equipped with heat
pumps and have a relatively high energy consumption, and would therefore be eligible for providing flexibility:

e  The city hall: Equipped with a solar panel system and a heat pump. Will be coupled to the storage and generation system from

Sylfen, which produces heat as well: SkW of electricity storage and 4-5 kW of heat.
e The public school: Equipped with a reversible heat pump
e  The hospital: Equipped with a heat pump, has a high energy consumption but low flexibility.




Ahotel (20 rooms) could join the scheme as a factory to provide flexibility.
Other industrial prosumers could join the scheme as factories.

Moreover, the municipality considers driving an increase in the local electricity production from PV on public buildings. The city hall
PV system will be upgraded from 20 kW to 60 kW, and the two schools will get PV systems installed of 100 kW each (2 000 square
meters in each school).
The reduction of electricity consumption by the public lighting (currently one of the highest consumption sources in the island) will also
be studied as part of this LEC. It could be done by replacing the light bulbs with LED, and/or by providing flexibility with the
optimization of the use (with sensors). The PV energy could as well be used if batteries are involved.
Other prosumers could as well enter the LEC:

This is done using the GIFT system. It is a combination of different actors developed by the solution providers (GIFT project partners):

The Weather, Energy, S&D, Price Predictions and the Grid Observability system are used to forecast and monitor the state of
the gird. A SCADA and an MDMS system present on the field are used to provide them with the necessary data.

The FlexAgent and the ESB are used for communication between the elements.

The VPS is used as an aggregator to trade the flexibility obtained from flexibility providers.

1.5 Key performance indicators

Key performance indicators

ID Name Description Reference to mentioned
use case objectives
KPI 1.3 | Distribution of grid stability through Time required to activate portion of available | [2.2]
responsiveness of flexibility services load flexibility through DR services
KPI 1.4 | Likelihood of prediction of congestion (voltage | Frequency of correct predictions of occurrence |[2.1]
per power-flow limit violation) of congestion > 90%
KPI 1.5 | Accuracy of forecast at prosumer, MV/LV Mean absolute percentage error (MAPE) [2.1]
transformer or substantial level (energy
demand, generation, flexibility)
KPI2.1 |Storage capacity installed (kW) 50 kW [1.2.2]
KPI2.2 |Storage energy installed (kWh) 2010 kWh [1.2.2]
KPI2.3 |Storage cost [€] <=0.10€/kWh cycle [1.2.2]
KPI2.4 |Possible renewable integration in the grid (%) |>10% [1.1.2]
KPI 2.5 | Electricity load adaptability level (%) >=15% Energy demand variation (delta [2.2]
MWh/h) with respect to peak demand
(MWh/h)
KPI3.3 |Demand response generated by virtual energy |>15% Energy demand variation (delta MWh [2.2]
storage in demonstrated use cases in the project | /h) with respect to peak demand (MWh/h)
(during 3 months’ testing & evaluation period)
KPI3.4 |Capable of integrating large share of +10/-30% Safe increase of installed capacity [1.1]
renewables (MW) with respect to initial capacity margins
with no available demand response
KPI 3.5 |Reduction of fuel for heating and cooling (%) | >= Percentage of captured heat from primary | [1]
& related GHG emission (tons eq. CO2) processes for included prosumers
KPI 5.1 |Lessen the burden of power grids through self- | >10 % MWh/h of self-consumed energy [1.1.1]
consumption
KPI5.2 |Grid state observability: near-real time (Smin) |> 80 % Number of observed grid state [2.1]
and forecast (forecast 30min up to 24-48 hrs) | variables (voltages, power flows), with respect
to all possible states of interest (full
observability).
KPI5.3 |Accuracy of forecasts at microgrid, BRP level |<5 % Mean Absolute Percentage Error [2.1]
(energy demand, generation, flexibility) (MAPE)
KPI5.4 |Reduce exchanged energy between island and | >=10% Weighted to size of pilot vs. size of [1.2]
mainland (kWh/year) complete island
1.6 Use case conditions
Use case conditions
Assumptions
Assuming enough data on the grid state will be provided by the DSO.




Prerequisites

Detailed technical information should be provided, as described in the Open questions document

1.7 Further information to the use case for classification/mapping

Classification information

Relation to the other use cases

N/A

Level of depth

General

Prioritization

Normal

Generic, regional or national relation

Generic

Nature of the use case

Optimized electricity consumption in a local energy community

Further keywords for classification

Local Energy Community, Flexibility, Renewable energy

1.8 General remarks

General remarks

congestion management event.

The different scenarios can be combined: a combination of flexibility providers can be requested to provide flexibility for the same

2 Diagrams of use case

Diagram(s) of use case
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3 Technical details
3.1 Actors

Actors

Grouping Group Description

Business Actor Physical or legal Person that has his own interests, defined as "Business Goals"




Operator Business Actor that operates a system
Logical Actor Technical Entity that takes part in the execution of a Use Case. A Logical Actor can be mapped to a
physical component.
Actor name Actor type Actor description Further information specific
to this use case
DSO Operator Operator of the Distribution System Gets flexibility
BRP Operator Balance responsible party of the distribution system
Municipality Business Physical or legal Person that has his own interests, defined as Depends of Procida
actor "Business Goals" municipality
Weather, Weather System which intends to perform weather forecast and observation | RDN, NTNU and ARMINES
Energy, S&D, | Forecast and | calculation and to distribute the calculated geospatially referenced | solutions
Price Observation | information to all connected other systems such as Distribution
Predictions System management systems, Transmission management systems,
DER/Generation management systems, EMS or VPPs systems for
DER, ... enabling in many cases optimized decision processes or
automation
ESB Systems Actor responsible for delivering & ensuring functional system Solution performed by ICOM
Interfacing interfaces
Support
Grid Network This actor performs network state estimation in order to allow Solution performed by ODI
observability | Operation facilities to define, prepare and optimize the sequence of
system Simulation operations required to solve or mitigate the predicted issues.

VPS Control Application | Software-based application or system INEA solution
center
FlexAgent Systems Actor responsible for delivering & ensuring functional system Solution performed by INEA
Interfacing interfaces,
Support
Meter Application | Application or system responsible for Meter Reading and Control Provides necessary information
Reading and to the prediction system
Control
System
PV Switch An IED that controls any switchgear. It enables the control from Provides flexibility by
controller Controller remote centers (tele-control) and also from related automatics. It curtailing the PV production.
supervises the command execution and gives an alarm in case if
improper ending of the command. It can also ask for releases from
interlocking, synchrocheck, autoreclosure if applicable.
PV Distributed Small unit which generates energy and which is connected to the Procida is the lighthouse for
Energy distribution grid. Loads which could modify their consumption integrating renewables in the
Resource according to external set points are often also considered as DER grid.
Factory EMS | Demand Demand Response Management System (DRMS) is a system or an | Responsible for the flexibility
Response application which maintains the control of many load devices to management in factories.
Managemen | curtail their energy consumption in response to energy shortages or
t System high energy prices.
Industrial Business An industrial consumer of electricity may also be involved in Provides flexibility to the DSO
Consumer actor contract-based Demand/Response.
Smart energy | Battery An IED that provides data about battery status and controls the Provides as well CHP. Situated
hub Controller charging/de-charging cycles in the city hall.
3.2 References
‘ Version management
No. Reference Reference Status Impact on use | Originator/organization Link
type case
4 Step by step analysis of use case
4.1 Overview of scenarios
Version management
No. Scenario name Scenario description Primary | Triggering Pre-condition Post-condition
actor event
Sc.1 | Optimized Because congestion is forecasted on |Industrial | Congestion The rebound effect
consumption using | Procida grid, industrial consumers consumers | forecasted must be avoided.
industrial consumers | are requested to provide flexibility
flexibility when consuming electricity.




Sc.2 | Optimized Because congestion is predicted, the |PV Congestion [PV must be
consumption using | PV production is switched off. forecasted |producing electricity
PV flexibility
Sc.3 | Optimized Because congestion is forecasted on | Smart Congestion (The Smart energy
consumption using | Procida grid, the Smart energy hub | energy hub | detected hub must not be
Smart energy hub storage is requested to charge or empty if requested to
discharge. discharge, or full if
requested to charge.
4.2 Steps — Scenarios
Scenario

Scenario name

Sc.1- Optimized consumption using industrial consumers flexibility

Step | Event Name of Description of process/activity Service |Information \Information \IRequireme
No. process/activity producer (actor) lexchanged (IDs) [nts, R-IDs
St.1 | Prosumers |Flexibility offer | The prosumers continuously inform the | Report [Factory EMS Inf.7 Req.3
flexibility VPS of its available energy.
offer
St.2 | Prosumers |Communication | The Flex agent manages the Send  [FlexAgent Inf.7 Req.1,4,7
flexibility communications between the EMS
offer systems and the VPS.
St.3 |Imbalance |Forecast The state of the grid is constantly Report |Weather, Energy, |Inf.1, 2, 3, 5 Req.3
forecast forecasted in order to try predict S&D, Price
imbalances. Predictions
St.4 |Imbalance |Communication | The ESB manages the communications | Send ESB Inf.1,2,3,4,5 |[Req.1,4,7
forecast between the Predictions system and the
Grid observability system.
St.5 |Imbalance |Grid modeling /| The grid behavior is constantly Report |Grid Inf.4 Req.3
detection observation monitored, looking for potential observability
congestion and voltage excursion. system
St.6 | Flexibility |Communication | The Flex agent manages the FlexAgent Inf.3, 6 Req.1,4,7
e . Send
request communications from the Grid
observability system to the VPS.
St.7 | Flexibility | Virtual power |The VPS manages the flexibility Create |VPS Control Inf.3, 6 Req.2, 5,6
request station available within the grid. When center
management flexibility is needed, it creates requests
to the suitable flexibility provider.
St.8 | Prosumers |Communication | The Flex agent manages the Send  [FlexAgent Inf.3, 6 Req.1,4,7
flexibility communications from the VPS to the
request EMS systems.
St.9 | Prosumers |Flexibility The Factory EMS makes the factories | Execute |[Factory EMS Inf.9 Req.2
flexibility | provision provide the requested flexibility
provision accordingly to their availability.
St.10 | Prosumers | Flexibility The industrial prosumers modify their | Execute |Industrial Inf.10 Req.2
flexibility | provision consumption accordingly to the grid prosumers
provision needs.
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Scenario name

Sc.2- Optimized consumption using public PV

Step | Event Name of Description of process/activity Service |Information \Information \IRequireme
No. process/activity roducer (actor) \lexchanged (IDs) \nts, R-IDs
St.1 |PV Flexibility offer | The PV controller continuously inform |Report [PV Inf.7 Req.3
flexibility the VPS of its available flexibility. controller
offer
St2 |PV Communication | The Flex agent manages the Send  [FlexAgent Inf.7 Req.1,4,7
flexibility communications between the EMS
offer systems and the VPS.
St.3 |Imbalance |Forecast The state of the grid is constantly Report |Weather, Energy, |Inf.1, 2, 3, 5 Req.3
forecast forecasted in order to try predict the S&D, Price
grid state. Predictions
St.4 |Imbalance |Communication | The ESB manages the communications | Send ESB Inf.1,2,3,4,5 |[Req.1,4,7
forecast between the Predictions system and the
Grid observability system.
St.5 |Imbalance |Grid modeling /| The grid behavior is constantly Report |Grid Inf.4 Req.3
detection observation monitored, looking for potential observability
congestion and voltage excursion. system
St.6 | Flexibility |Communication | The Flex agent manages the Send  |FlexAgent Inf.3, 6 Req.1,4,7
request communications from the Grid
observability system to the VPS.
St.7 | Flexibility | Virtual power |The VPS manages the flexibility Create |VPS Control Inf.3, 6 Req.2, 5,6
request station available within the grid. When center
management flexibility is needed, it creates requests
to the suitable flexibility provider.
St.8 |PV Communication | The Flex agent manages the Send  [FlexAgent Inf.3, 6 Req.1,4,7
flexibility communications from the VPS to the
request EMS systems.
St9 |PV Flexibilit The PV controller curtails the PV Execute [PV controller  |Inf.9 Req.2
flexibility exibiiity production accordingly to their
provision provision availability.
St.10 | PV Flexibility The photovoltaic panels modify their | Execute [PV Inf.10 Req.2
flexibility | provision production according to the grid needs.
provision
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Public lightening

Scenario name

Sc.3- Optimized consumption using Smart energy hub

Step | Event Name of Description of process/activity Service |Information \Information \IRequireme
No. process/activity roducer (actor) \lexchanged (IDs) \nts, R-IDs
St.1 | Storage Flexibility offer | The Smart energy hub continuously Report [Smart energy  |Inf.7 Req.3
flexibility inform the VPS of its available energy. hub
offer
St.2 | Storage Communication | The Flex agent manages the Send  [FlexAgent Inf.7 Req.1,4,7
flexibility communications between the EMS
offer systems and the VPS.
St.3 |Imbalance |Forecast The state of the grid is constantly Report |Weather, Energy, |Inf.1, 2, 3, 5 Req.3
forecast forecasted in order to try predict the S&D, Price
grid state. Predictions
St.4 |Imbalance |Communication | The ESB manages the communications | Send ESB Inf.1,2,3,4,5 [Req.1,4,7
forecast between the Predictions system and the
Grid observability system.
St.5 |Imbalance |Grid modeling /| The grid behavior is constantly Report |Grid Inf.4 Req.3
detection observation monitored, looking for potential observability
congestion and voltage excursion. system
St.6 | Flexibility |Communication | The Flex agent manages the Send  |FlexAgent Inf.3, 6 Req.1,4,7
request communications from the Grid
observability system to the VPS.
St.7 | Flexibility | Virtual power |The VPS manages the flexibility Create |VPS Control Inf.3, 6 Req.2, 5,6
request station available within the grid. When center
management flexibility is needed, it creates requests
to the suitable flexibility provider.
St.8 | Storage Communication | The Flex agent manages the Send  [FlexAgent Inf.3, 6 Req.1,4,7
flexibility communications from the VPS to the
request EMS systems.
St.9 | Storage Flexibility The smart energy hub charges or Execute |[Smart energy  |Inf.9 Req.2
flexibility | provision discharges its storage according to the hub

provision

grid needs.
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5 Information exchanged

Information exchanged

Information Name of Description of information exchanged Requireme
exchange, ID | information nt, R-IDs
Inf.1 Weather The weather forecast is an input of the prediction system that enables to predict the future [Req.3
forecast state of the grid.
Inf2 S&D Supply and demand data are transferred to the Grid observability system. It is used to Req.3
predict congestion through the Weather, Energy, S&D, Price Predictions system.
Inf.3 Price The energy price is predicted by the Weather, Energy, S&D, Price Predictions system. Req.3
Inf.4 Grid state The grid state is observed by the Grid observability system. It is used to directly detect Req.3
congestion, or to predict congestion through the Weather, Energy, S&D, Price Predictions
system.
Inf.5 Grid state The Weather, Energy, S&D, Price Predictions system along with the Grid observability Req.3
prediction system are able to predict the Grid state on a short- and long -term basis.
Inf.6 Power needed | The power needed to avoid congestion is assessed by the Grid observability system. Req.3
Inf.7 Power The available power is calculated by the different flexibility providers based on the Req.3
available availability and flexibility of their components.
Inf.8 Power The power requested from each flexibility provider is decided by the VPS in order to get  [Req.5
requested the necessary flexibility from the available providers.
Inf.9 Power The controller receives the power modification requested by the VPS and executes the Req.2
modified action by directly modifying the power at device level.
Inf.10 Power The new power consumption by a flexibility provider following a power request froma  [Req.5
consumption |VPS

Note: the structure of this information is detailed in D2.3.

6 Requirements

(optional)

Requirements (optional)

Categories ID Category name for Category description
requirements
Requirement Requirement name Requirement description
R-ID
Req.1 Interoperability The interoperability is essential for the different elements of the system to be able to
communicate. Interoperability is provided by FlexAgent and ESB systems.
Req.2 Response time The different elements of the system should have a low response time in order to be
able to avoid blackouts in case the congestion was not forecasted.
Req.3 Accuracy The forecast and grid modelling should be accurate enough to be able to detect
congestion in advance and avoid blackouts (see KPI 1.4 and 1.5).




Req.4 Communication security The communication channels should be protected against possible attacks.

Req.5 Equity The different flexibility providers should be transparently requested and equitably
rewarded

Req.6 Visualization Flexibility providers should be able to visualize incentives for flexibility

Req. 7 Privacy and data protection | The personal and sensitive data should be handled in compliance with RGPD and
confidentiality agreements.

Note: these requirements are detailed in D2.2.

7 Common terms and definitions

Common terms and definitions

Term Definition

BRP Balance responsible party

DSM Demand Side Management

DSO Distribution system operator

Prosumer Consumer of electricity that can as well provide energy to the grid

S&D Supply and demand of energy

VPS Virtual power system: aggregation of intermittent power systems that can ensure the same levels of reliability as a
classic power system.

8 Custom information (optional)

Custom information (optional)

Key Value \Refers to section

Here are the objects used to form the SGAM components layers. They have been defined in the DISCERN
Project [3].
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Figure 53: Description of the objects used in the SGAM components layers



