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EXECUTIVBUMMARY

The goal of this document is to detail the oufpd@ 2 F GKS al! 9{I! Gl a&ai wmo
requirenS vy (i & ¢he meyh&dology followedThe task 1.1 aims to define the use casdmplement
in MAESHANd to demonstrate in the geographical island of Mayetie order to decarbonise the
energy systems ajeographical islandS.he document also describes the resulting requiremexsts
well as, for each use cadbge specific Key Performance Indicators (KPIs) to be monittuedg the
project to assess the technical and economic performances of the demonstrated solution.

To selectthe businesaise casegelevant for Mayotte we religl ona set offive generic use cases
defined bythe Universal Smart Energy Framework (U&kfdationin itsframework, firstlyreduced
to three generic servicesy an analysis of the energy systam\Viayotte and its foreseen evolutian
balancing, constiats management and local optimizatiofhen, we assessed the relevance asé
three generic services for Mayotte by organizing several workshops with local stakeh@ddrs
operator, local populatiomndrelevant local authoritiesp understand thé& specificneeds. From this
assessment phase, five business use cases were selédted matching the latter with theore
innovations developetby the consortium oMAESHAO assess their feasibility, we sieribed them
using the IEC 62558template.

Five use cases have been identified for the pilot of the prajebtayotte:

1 Frequency controlwhich objectiveis to establish balacing services to maintain the
equilibrium between consumption and generation while minimizing the frequency
deviatiors from nominalvalues (i.e., 8Hz in Europe)

1 Voltage contral which objective is to propose voltage control services to kestages
within specific saftsy bands andrestore their values to normal range after grid
disturbances

1 Minimization of the consumption peakvhich objective is taninimize the consumption
peak to avoid potential congestion, expensive sigrtof peak genetors oradequacy
issues that may occur in the electricity system of the island.

1 Maximization of the use of Renewable Energy Souynstéch objective is to implement
collective selHconsumption operations and to hybridize assets (EV charging stations and
air-conditioning units) with photovoltaic panels to maximize the use of Renewable Energy
Sources.

1 Energy Accessvhich djective is to respond to the lack of reliable access to electricity in
Mayotte, while at the same time offering services to the gridd alostering the
involvement of marginalized communities.

This documenwill be the basidor the implementation of the MAESHA solution in Mayotte.
Detailing of the use cases as well as planning of demonstration will be done IGt\WBAS NH& Y I NJ S
for geographical islands and associaied A f 2 NS R 0 dzidheyp&@pose ofYit: Rafel i&
ensure the commercial viability of the project and to determine the business models and costs
implication of the developed solutions

Thisdocument is organized in three main sections:
1 A presentation of the demonstration site, Mayotte, and the expectations of the pilot
partner as well as the local population towards MAES
1 A description of thaisedmethodology
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1 The proper description of the five generic use cases, includmgteevel definition, Key
Performance Indicators (KPIs), actors list, scenarios and information #swell as some
requirements for the demonstration of the use case Mayotte.
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NOTATIONSABBREVIATIONS ANDRONYMS

Acronyms

AC Alternating Current
aFRR automatic Frequency Restoration Reserve
AGC Automatic Gain Control
BESS Battery Energy Storage System
BMS Battery Management System
BUC Business Use Case
c&l Commercial & Industrial
CcO2 Carbon Dioxide
CPMS Charging Point Management System
CRE / 2YYAaaAizy RS wS3dAZ FdAz2zy RS Q9
DC Direct Current
DER Distributed Energy Resource
DR Demand Response
DSO Distribution Systen®©perator
EDM ElectricitéDe Mayotte
EMS Energy Management System
ENTSEE European Network of Transmission System Operators
EU European Union
EV Electric Vehicle
EVSE Electric Vehicle Supply Equipment
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FrequencyContainment Reserve

FCRN Frequency Containment Reserve for Normal Operation

FRR Frequency Restoration Reserve

GHG Green House Gas

HVAC Heating, Ventilating and ALonditioning

KPI Key Performance Indicator

LEC Local Energy Community

MAPE Mean Absolute Percentage Error

MV Medium Voltage

Powerto-Hydrogen

PEM Proton Exchange Membrane
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RES

RFID

Renewable Energy Source

Radio Frequency Identification

SA

SDG

Smart Agent

Sustainable Development Goal

SO

SuC

System Operator

System Use Case

uc

VPP

Use Case

Virtual Power Plant
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1. INTRODUCTION

1.1. SCOPE OF THE DOCUMENT

The goal of this document is to describe the use c#saswill beimplementiedin MAESHA and
demonstrated in thepilot site of Mayotte (France).

Use casesonsist of a description of what the system will do and how. Usually, it also describes
the context of implementation, lists some Key Performance Indicators (KPIs) to ensure that the main
objectives of the use case are fulfiled and is accompanied withesdiagrams to help its
comprehension. Defined at the beginning of a project, use cases set the general orientation of the
project. In order to be relevant all along the project, use cases might be updated during the project to
ensure that they are alignedwith the pilot partnerQ &xpectationsand the partnerQtechnical
considerations.

Five use cases have been defined for Mayotte and are described in this document. The
methodology used in MAESHA to define the use cases is also detailed.

This document is public armhnbe usedby the general public to understand what is done in the
MAESHA proje@nd internally to ensure a common understanding of the use cafsd® project.

1.2. ABOUTMAESHA

There are more than 2 200 inhabited islands ia Buropean Union, many of which depend on
expensive fossil fuel imports for their energy supply. The famgde deployment of local renewable
energy sources and storage systems would contribute to decarbonizing the energy system. However,
this endeavourequires flexible solutions, new tools and efficient frameworks that can be adapted to
local needs. The Elunded MAESHA project will develop smart and flexible methods of storage and
energy management as well as modelling tools and technical systemshsittirh of promoting the
transition towards sustainable energy. Designed with respect to the interests of the local
communities, adapted to the market and ready to be disseminated, the new approaches will serve as
a demonstration for the future decarbonizah of Mayotte and other European islands.
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2. DEMONSTRATION SITE

This section presents the demonstration site of Mayotte (Frariteg¢nergyand transporisystem
the expectations of thdocal system operatgrElectricitéde Mayotte, and of the local population
towards MAESHAs well aghe reasons dr choosing Mayotte as the main demonstration site for
MAESHAPIlease note that the MAESHA project will also assess thoroughly the replicability of the
different solutions on darge pool of follower islands in WP10:
1 Wallis & Futuna, France

1 SaintBarthélémy, France
1 Gran Canaria, Spain
1 Favignana, Italy
i Gozo, Malta
2.1. MAYOTTE

Mayotte is a French overseas territory situated in the Indian Ocean near Madagascar and the coast
of Mozambiaye. It is composed of two main islands, Petite Terre and Grande Terre, and is locally
administrated by the elected Departmental Council. The declared population is 300 000 people, but
there is an important proportion of migrants estimated at 200 000 pedipde has to be considered.

The economy is at the same time very dynamic with an annual growth rate of 9% in recent years but
has a high unemployment rate of 35%.

Despite officially being part of the European Union, existing semimomic differences shuld be
considered when implementing a technological innovation project such as MAESHA in Mayotte.
Official statistics illustrate the contextual differences of the island compared to mainland Egeepe
[2]). With an annual populaticgrowth of 3.8 per cent, on average 5 children per woman, and a Gross
Domestic Product comparable to that of Djibouti, Mayotte stands out compared to many other
European regions. In compson, the GDP of La Réunion, another European oversea department, is
more than double of the GDP of Mayotte (Mayotte ann. GDP p.c.: 13 000 $, Réunion: 27 000%$).
Compared to France with 16 per cent, a staggering& @er cent of people in Mayotte live losl the
poverty line. Conservative estimates state that 25.9 per cent of the population is unemployed and half
of the population is younger than 18 years old. Due to this lack of perspectives for young people, many
who have the possibility leavedhsland

2.2. ENERGYNDTRANSPORIYSTEM

The electricity distribution on the island is managed&bgctricitéde Mayotte (EDM), who is in a
situation of monopole. 95% of the electricity production comes from Diesel generatorsthand
remaining 5% come from recently installed RE plants, mainly 3siV{p with a 4% annual growing
rate). The potential for PV development is high as opposed to wind, because the wind deposit is very
low, and not workable with the actual wind power tewlogies. Land availability is one of the main
limits for largescale expansion of solar PV plants. As for the grid, it is not conforming to European
standards and illegal connection is a severe is3ie. share of the population without access to
electricity was indeed of 10% in 2017 ($8B. All this results in a very polluting energy seaod in
very high edctricity generation priceswvhich, however, do not directly impact the local population as
the electricity tarifs proposed by EDM are aligned with those proposed in metropolitan Frdmbes
should however be qualified by taking into account tha¢ 80P of Mayotte is three timelower
compared tometropolitan France
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Regarding the transport system, which is the primary source of GHG emissions on the territory, it
is almost exclusively based on thermal vehicles although the first slow EV chargingssteie
recently been installed, and onbne car dealership offers electric vehicles. However, given the size
of the island, the electric vehicles, if they are recharged with-cantbonized electricitygouldprovide
significant reductions in CO2 ema@ss and air pollutants.

In April 2017the currentét N2 IANI YY I G A2y t f dz8R F ¢ NHz8ak @I8asel;S f Q9o Y
a document setting the objectives as well as listing the challenges for the energygidheyisland
at different time horizos. To help Mayotte in its energy transition and its decarbonization, the
document recommends the followingee[4], [5]):

I To promote a significant development of RES, especially PV plants, withiglioation
by almost 10 of their share in the electricity m&ectricittde Mayotte has currently
received many requests from stakeholders for connection of new PV plants to the grid,
for a total capacity ofi3,9MWp (8% of which for a connection to tiV grid)

1 To promote the development of thermal renewable energy, which are likely to avoid
nearly 20 GWh of electricity consumption annually. The measures include an ambitious
development of individual and collective solar water heaters

1 To install storagesystemsfor a total capacityof 29,4 MW by 2023. In this context, two
batteries of 7,4 MW and 4 MW for load transfer and frequency control respectively will
be installed in 2021

1 To develop innovative projects based on renewable eneogpled with storage facilities

1 To secure the electricity supply of the island, by:

o0 Keeping a nosntermittent power plant in Petite Terre, as the island hosts
sensitives facilities such as the airport and the hospital

o Diversifying the generation facilitiés Grande Terre and working on the stability
of the electricity system. A proposition is to create a 44MW production facility by
2025. The objective is to cover part of this need with a biomass power plant
project (12 MW) and a project combining photowatt installations and storage
(13 MW), with the remainder covered by a power plant running on light fuel or
liquefied petroleum gas

1 To promote clean and sustainable mobiliggymobility, public transit, maritime transport)

Please note that the documentdsirrently under revision.

2.3. EXPECTATIONS FROM PILOT PARTNER TAMAERSHA

Electricity production in Mayotte is today essentially based on fossil fuel engiihe share of
renewable energies (mainly Photovoltaic) in the electricity mix is low compared$b ather nonr
interconnected island. It amounts to 5%. Thus, the challenges are considerable to green the electricity
mix and reduce the territol® CO emissions. With a low potential identified for the other sectors,
photovoltaic energy appears to be the best way for the development of renewable energy on the
island.

Despite considerable technical progress in solar technology, a massive introduction of
photovoltaic power plants into Mayot@ energy mix raises the question of the reliability and quality
of the distributedenergy. Indeed, solar power plants do not contribute to the stability of the grid like
conventional sources (no inertia, no powesegve, intermittence). For this reason, an instantaneous
penetration limit of 36% is currently in effect. Above this value, the grid operator (EDM) has the right
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to disconnect PV generation installations. With the increase of PV production, the disconnecti
threshold should be increased.

EDM faces the challenge of improving the reliability and robustness of its electricity system in
order to integrate a maximum of renewable energy. It is in this context that EDM has embarked on
the MAESHA project.

EDM erates its electricity network at a frequency of 50.15 Hz. It should be noted ithat
normal situation, the electricity network must operate at 5x. The intermittency of renewable
energies associated with the lack of flexibility of the network, ferE®M to raise the frequency of
the network. EDM® aim is to stabilise the frequency at bz thanks to the solutions that will be
developed in the MAESHA project.

The electrification of Mayotte began in the 1980s. Within 15 years, all the communesyotti¥la
were connected to the electricity network. Despite considerable work on rural electrification, there
are still some remote areas where access to electricity is difficult for technical and administrative
reasons. This is particularly the case in adfiical areas. Some solutions could be provided within the
MAESHA project to allow access to energy in these areas.

2.4. MAYOTTE ANMAESHA

All these elements make Mayotte the perfect demonstration site for MAESHA. The territory needs
an energytransition to tackle the high energyenerationprices and the very emitting production
sector, and there is a strong local political will to Hathis transition as shown by the involvement of
EDM in MAESHA and the relations established with the loe@rgment. There is also an important
potential for RE penetration although the grid and more globally the energy sector, needs to be
properly shaped to welcome these changes. Through its variety of local needs and situation, Mayotte
is the adequate laboraty to test all the flexibility solutions that this project provides.

Mayotte holds very specific circumstances within the EU. Its economic development and
conclusively the development of the energy system is lower than EU standards. Consideringdthe rapi
growth of population and electric appliances used, it is foreseeable that the energy system will
increase in scale in the next decades. The establishment of a flexibility platform, which enables large
scale deployment of RE causes even greater futuraathman in a weltleveloped economy, steering
the whole energy system development for the next decades.
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3. USE CASEBEFINITION PROCESS

This section describes the methodology followed to define the use cases to implement in MAESHA
as well as the tool used’ he main steps of this methodology are showFRigurel below.

Matching
Business Description
. Use Cases using the

with the IEC 62552
solutions of template
MAESHA

3.1. SELECTIONFGENERICSECASE

After an analysi®f the energy situation in Mayottét has been decided teely ona set of generic
and technologyagnostic use cases for the Smart Grid domaiotitline state of the art insights on
demand response system$hose use cases were presentecettsure an dective discussionwith
common terminologybetweenpilot partner, local stakeholders and partners of the consorteuma
for comprehensiveness purposes, to ensure that most common challenges encountered by system
operators were analysed for MAESHA

3.1.1. USEHexibility services

Thespecificpositioning ofElectricitéde Mayotte on the electricity value chafrEDM is indeed an
energy supplier, &ransmissior8/stem Operator (TSO) aDistribution SystemOperator (DSORnd a
BalanceResponsibleParty (BRPat the same time led us to considea wide selection ofieneric and
technologyagnosticuse casegovering many roles, defined in the ENTS®larmonized Electricity
Market role model For comprehensiveness, we decided to rely on the flexibility serdieesloped
by the Universal Smart Energy Framew@dSEFand depictedin Figure2 and Figure3 below (see

[6)).

Self-balancing
kWmax control

ToU optimization
Emergency power supply

Active
Custome
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The following chapter brieflpresensthe five flexibility services

3.1.1.11 ocal optimization

Local optimization refers to all services for local optimizatiorh@ime, infactory), provided by
implicit Demand Response, which can be offered to Active Customerssglfbalancing, control of
the maximum load, Timef-Use optimization, emergency power supply).

3.1.1.2. Constraint management

According to USEF (sp8), mnstraint managment services help grid operators (TSO and DSO)
to optimize grid operation for physical and market constrain{s.g., voltage control, congestion
management, grid capacity managemeecwntrolled islandingind black stait

3.1.1.3 Adequacy

According toUSEF (sefg]), adequacy is the planning of required generation capacities for all
hours of the year, usually focusing on critical momeaig,,winter peak loadn Europe (link to heating
demand) or late afternoon in a tropical area (link to demand for air conditionfkagquacy services
aim thus to increase security of supply by organizing sufficient letegm peak and norpeak
generation capacitye.g.,capacity markets, capacity payments, strategic reserves, hedging)

3.1.1.4Wholesale

Wholesalemarkets arghe main place for interaction between generators and suppliers, both can
be balance responsible parties (BRP&hile the majority of procurement relies omrigterm
contracts, the dayahead (DA) market is used to clear remaining open posiaodseact on changes
in forecasts. Due to the volatile nature of the renewable generators ritr@day (ID) marketgain
more importance and gate closure times areuwedd steadily and move close to ré@he operation.
Imbalances are caused by deviations of the actual load or generation from the forecasted behaviour
and are a main cause férequency balancing needs. BRPs causing the imbalances are penalized in
order to cover the expenses for frequency balancing. Therefore, BRPs are motivated to reduce their
imbalances by means of shdgrm intraday trading and selfalancing. Final consumers but also
suppliers and generators can reduce sourcing costs by optimisafi@naergy consumption and
generation schedule with respect to the forecasted market prieeg.(day-ahead optimization,
intraday optimizatiof.
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In case of a singleuyer situation, e.g.in an isolated system with limited amount of customers,
the wholesale trading can be used to minimize procurement cost of the system operator, which also
holds the role of a BRP. The SO tries to minimize risky intraday trades by putting engphtes
forecasting quality.

3.1.1.5Balancing

According to the European Network Code, balancing servicetoaiestore system frequency to
its nominal frequeng, for examplé0 Hzand to avoid any lengthy (a few minutes) excursions outside
of this normal range as wellsaany very high or low (exceeding nominal by more tBghHz)
excursionge.g.,Frequency Containment ResenfeCRautomaticandmanualFrequency Restoration
Reserve FRRReplacement Reserv&RR (see[9]).

3.1.2. Selection of three generic use case

From our initial analysis of the energy system in Mayotte, two flexibility services proposed by USEF
were discarded adequacy and wholesale

1 The electricity demand seasonality of Mayotteinisleedlow as its climate is characterised by

small variations bdaily and annual temperatures. Moreover, the total generation capacity of the

two diesel power plants (106 MW) largely exceeds the daily electricity demand (a maximum
consumption peak of B5MW has been measured February 202l And as aeference scenario

for Mayotte, EDM assessed that the consumption peak should reach 84 MW in 2028: here again,

the security of supply is guarantee&or all those reasonsdequacyas the organisation of

sufficient longterm peak and nospeak generation &pacity has not been further analysed in
MAESHAHowever, please notethatthea A Y A YA T | GA2Y 2 F us&cdse Qutherd dzY LJG A 2
described in section4.1.3 can support adequacyas it can also provide economic and

environmental optimization by avoiding the expensive stgstof polluting pealgenerators.

1 The current wholesale market implemented in Mayotte by its System Operator (EDM) is a so

Ottt SR dwdzyyAy3d LINE J-ahkad delivérKprogriim. Matdhihglrelies boriithel R &
existing forecasting of the production and demand. It has been identifjeEDM that forecasting

tools need to be updated to meet the current and future needs to improve the forecasting results.

When the demand and production match, the internal meritler is created based on the
availabilities, economics, and environmertahsiderations of the existing diesel generators, while

fully utilising the PV production potentiads the separate ongoing project of EDM called SAWA

gAff F20dza 2y (GKS AYLINROSYSyid 2F (KS SEA&alGAY3T 4
CO2 redation by introducing more RES and their maximum utilizatwinolesale servicebave

not been furtheranalysedn MAESHA

During the next step the assessment phaseonly three generidlexibility servicesvere thus
analysedor Mayotte:
1 local optimizaion benefitting local population
1 constraint managemenenefitting DSOs and TSOs,
1 adequacybenefitting TSOs

3.2. ASSESSMENT PHASE

The flexibility services presented above are gendtics important to assess their relevance to
Mayotte. This second phase wahus composed daivo different assessments. First, we conducted
severalworkshops withthe system operatorElectricitéde Mayotte(EDM) to better understand the
energy situation of the island and the challenges they face or might face in the near future considering
the evolution of the energy systenfSecondly HUDARApartners visited Mayotte and met local
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stakeholders and commuiéts to assess their needs and to ensure that the MAESHA project will

perfectly fit in the ecosystem of the island.

3.2.1. Results from discussion with the system operator

From several discussions with different departments of EDM, including the grid depariment

charge among other thing, of the dispatchintipe following results were extracted:

Flexibility service

Subcategories of services

Relevance for EDM

Constraint
management

Voltage control

Somespecific voltage issues have already be
identified by the system operator in Mayotte:

1 Some consumers located at the end
long feeders (e.g., the one supplying t
south of the island) are complainin
about nonworking induction cookers
because of low voltage level. EDM
thus assuming some voltage drops alo
its lines.

1 The undergroundig of overhead cable
currently performed by EDM leads to &
increase in reactive power levels in tf
cables and may cause transie
overvoltage and resonant behaviol
due to the energization or switching ¢
transformers in the system.

Congestion management

EDM has really low visibility on the LV grid dug
the lack of measuring equipment and smart mete
The electricity company is thus not aware of g
congestion on the distribution grid. However, wi
new ways of consuming (e.g., &éc Vehicles
charging and datacent&rand an overall overloadin
of grid equipment (e.g., transformers, feeders), E[
is interested in examining how market mechanis
can minimize the consumption peak.

Controlled islanding and
restoration

Even if controlled islanding might have sense
Mayotte as the territory is divided in two islands
Petite Terre and Grande Terre; electrically
connected by three MV submarine cables, this ser
was not deeper analysedtlectricité de Mayottéhas
indeed a diesel power plant on each island capabils
meeting the demand of the specific island: Badami
power plant in Petite Terre (composed of Badami
I, 8 MW and Badamiers II, 25 MW) and Longoni po
plant in Grande Terre (composed of Longoni |, 39|
and Longoni I, 34 MW).

1 A new datacent will be installed in Mamoudzou in 2022
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The rising number of PV power plants to
installed and connected to the main grid in Mayot
may increase the difficulty of frequency contrg
Indeed, PV production is highly dependent
weather conditions that are challenging to forecg
(e.g., a paseg cloud leads to a decline in H
production), which may finally increase th
imbalances between generation and consumptic
With increasing number of PV generation, that v
partly replace diesel generators, the ratio of spinni
machines in the systemilibe reduced which also hz
negative impact on the synchronous inertia.
Balancing FCRFRR

The main balancing service to cope with t
frequency deviation currently applied on the island
ale@20idS Aa GKS GLINRYI N
FRR), which is estimated at 15%the daily demand
and mainly supported by the EDM diesel generat
sets of Longoni and Badamiers. The generators
limited to operate at 8B5% of their maxima
capacity. For the past few years, the primary rese
KI RyQiiT SEOSSRSR ghange?saon
based on the expected rising demand and increas
RES generation. For those reasons, frequency co
has been selected for MAESHA.

From this first assessment, three different use cases were selected:
1 Voltage control
I Minimization of the consumption peak
1 Frequency control

3.2.2. Results from discussion with local populatemd stakeholders

Local optimization services were analyzed with the help of local stakeholders (local authorities,
EDM, local population):

Flexibility

. Subcategories of services Relevance foMayotte
service

As the connection of intermittent renewable energ

sources is a cause ofstability for the grid, another way

Seltbalancing of maximizing the use of RES in the island is to foster

consumption operations (individual and collective) &

Local thus to look at setbalancing.
optimization

Control of the maximum load was not considered
relevant for the project, as there is no power tar
componentc proportional to the consumption peak of th
household- in the electricity tariff in Mayotte.

kWmax control
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As no dynamic tariff is currently proposed to consumer

IS Ea il e Mayotte, Timeof-Use optimization was discarded.

Local stakeholders sensitive to power outages are alre
Emergency power supply | equipped with emergency power supply in the island (e
the hospital).

From our discussion with local2 LJdzf + G A2y Ay ( K Scerfefegapmoadh fo’ ¥ 2t o
9y SNHe /2YYdzyAtASaeés AG FLIWSFNR GKFEG YlFye
situations with sometimes no access to running water or electritityye. communitybased @proach

[ 201 f

fASa |

i GKS KSIFNI 2F GKS a!'9{1! LNR2SOi IYyR

sustainability. This also means that relevant community needs, such as the demand for better energy

access, must be considered from an early stageMuore insightsi y (i 2

wSySglofS 9ySNHeée ¢SOKyz2fz23e FtyR [20Ff 9ySNHE
' 3aS8a3aYSyilé¢ T UDARNDske§aRlingtinziiocabecdntekt and-@enphasizing community
needs bares the risk ®IAESHA being seen as intellectual or elitist project which is dedicated only to
wealthy and educated individualé. K I 1 Qa ¢gKeé& Al KFra 0SSy RSOARSR
on the energy access for marginalized communities. Please note thagtivise is not considered in

the USEF framework as the latter is focused on continental Europe.

From this second assessment, two use cases were selected:
1 Maximization of the use of Renewable Energy Sources

1 Energy access

3.3.

MATCHINABUSINESEISECASES WITHHE SOLUTIONS BFAESHA

The five selected use caseBequency control, voltage control, minimization of the consumption
peak, maximization of the use of Renewable Energy Sources and energycaredsssiness use case
and technologyagnostic.lt was then important to assess their feasibility with regards to the core
innovations developed by the consortium of MAESHA. Experts of the consortium thus assessed the
capabilitiesof their solution to support ach of the aforementioned use casé&he result of this
analysis is showhable4 below.

Minimization L
Frequenc Voltage of the Maximization Energ
Solution 4 , of the use of y
control control consumption Access
RES
peak
RES Virtual . y
Power Plant
Collective seH
: X X X
consumption
Industrial . y .
Demand Responsg
Residential X X X
Demand Responsg
Smart . X 5
Charging/V2G
D11
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Hybridization of
PV production and X
EV charging
Battery storage X X
Power to
Hydrogen
Flexibility
Management and X X
Trading Platform

As all use cases could be supported by the core innovations of MAESHA and thus demonstrated
in Mayotte, it has been decided to continue with the five aforementioned use cases and to extensively
describethem with the IEC 62552 template.

3.4. DESCRIPTION USINGEIE(525592 TEMPLATE

The IEC 62558 standard [1] aims to set a methodology and a template for detailing a use case.
It includes the description of objectives, actors, requirements (including ERd),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-asobility. It is therefore perfectly suitable fBMMAESHA
use cases.

The IEC 62559 template is depicte@igured below. It is a Microsoft Word format document that
provide a way to dispatch each use case specified information into dedicated chapters and tables in a
formatted manner:

Narrativeof the use casécontext and objectives

Diagrams of the use case

Technical detailsncluding the extensive description of all the actors

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 anglations between actors, step by step.

Information exchanged

6. Requirements

7. Common terms and definitions

P wbdhpe

o

It enables to place the usease as a whole in its context, describe the processes thoroughly within
the scenarios, and define each component, infation or requirement, while referring to them in the
whole document. It therefore drives towards a very comprehensive and detailed description of the
usecase.
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Short version

Use case template
of the template

General information
Template section 1 and 3.2
—

" ~

Existing data models
(if available)

Function
Template section 1.4: Narrative

Actors

. Template section 3.1 .

Step-by-step analysis
Template section 4

Actors

. Information exchanged I
II Requirements I

Summarizing information

Information exchanged
Template section 5: summary of the step-by-step table

Requirements
Template section 6: summary of the step-by-step table
Common terms and definitions
Template section 7

Custom information
Template section 8: for future extension, in case

IEC

Figure4: Overview of the IEC 6258Btemplate

Additional informaion was addedvhen relevantsuch as:
1 A SGAM Business layer providingigh-level presentation of the major stakeholders or
the major (business) domains in the system and their interactions
1 A SGAM Function layer depicting the arrangemenrfuattions and interfaces (internal
and external) that defines the execution sequencing, the condition for control or data flow
1 A SGAM Information layeepresenting the information exchanges between components
to support this use case

Please refer taleliverable D12 for further details on the Smart Grid Architecture Model (SGAM)
and on the system architecture.
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4, USECASES

4.1. USE CASES DESCRIPTION

This section presents the generic and kighel specifications of the five use cases to demonstrate
in MAESHAfrequency control, voltage control, minimization of the consumption peak, maximization
of the use of Renewable Energy Sources and energy addessiain beneficiary of each use case is
recalledin Table5 andthe solutions implementedo supporteach use case are shown Tiable4

above
Use case Main beneficiary
TSO
Voltage control DSO
Minimization of the consumption peak DSO
Maximization of the use of Renewable Energy Sources Local population, local authorities
Energy Access Marginalized communities

If use cases are adjusted or modified along the project (e.g., for complete alignment with pilot
partners expectations), the use cases definition will be updated accordiftgise note that this
sectionprovidesa complete description of the narrative tife use cases as well as their objectives
only. Specific gstem architecture, list of actors, scenarios, KPIs and information flows can be found in
annex of this document to ease its reading.

4.1.1. Frequency control

Scope and objective of use case

Scope and ojectives of the use case

Scope The scope of this use case is to examine the use of flexibility to restore system frequen
nominal value of 5®1z

Objective(s) The main objective of this use case is to stabilize the electricity grid of the islar
establishingbalancing services. Implementing the balancing services framework will
system operators tamaintain the equilibrium betweenconsumption and generation whi
minimizing the frequency deviation from the nominal values.

Narrative of use case

Narrative of use case

Short description

This use case describes different scenarios incl. all required steps fonptementation of a tender based frequen
control system. The UC differentiates between KERquency Containment Resenas)d FRR(Frequency Restoratig
Reservepalancing services. The explained approach is technology agnostic and supports any kind of flexibility
that can meet the technical requirements for balancing service provision. A common approach to handle ¢
technologies for flexibility pvision (industrial demand response, residential &f@regated by & PR sanart chargingof
electric vehicles, aggregation of renewables via a VPP, battery energy storage,-tpdwerogen electrolyser)
explained.

The scope of the use case includes@sioning of balancing service reserves for an islanding system, prequalifica
suitable distributed energy assets and intermediary platforvstgal Power PlantsyPPs), tendering and contracti
balancing services, balancing service activation,itodng, validation, and remuneration.
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All periodic communication between the system operator and the market participants, like biding, monitorir
activation is organised via a Flexibility Management and Trading Platform (FMTP).

The use castcuses on the situation on the Island of Mayotte and aims to adapt to the historically grown infrastr
and processes, but also takes into account updates of the system op@&GADA in the near future.

Complete description

Reminder orfrequency control:

The system operator Electricité de Mayotte (EDM), responsible for grid operation and supply of electric energy,
maintain the network frequency within a narrow bandwidth (+30200 mHz) around 5Biz. Frequency deviation is
consequence of an imbalance between generation (f@edo the grid) and consumption (extraction from the g
including losses of the grid itself. These imbalances are mainly caused by unpredictable fluctuations of the load (Ig
on the grid frequeng), general imprecisions in the load forecasting that cause improper generation schedules (n
impact) or rare faulinduced disconnection of entire branches or substations or even unexpected loss of generatic
impact). Until now, the electricitgystem in Mayotte relied on fast adaption of the generation of spinning diesel en
to balance the load fluctuations. These diesel engines also cover for the main generation schedule.

The mechanisms to maintain the grid frequency within a narrow banitiwédn be distinguished between three mg
types of control, as shown Figureb. After an incident like the unexpected outage of a generator, the imbalance bet
load and generation causes an immediate decrease of the grid frequency, which is mainly limited by ticeckieiesy
stored in spinning machines (synchronous inertia). The higher the inertia of the rotating machines connected to
the lower the gradient of frequency changef(Dt), also known as rate of change in frequency (ROCOF). The frec
stabilzation by inertia is a physical effect, responding spontaneously to any frequency gradient and acting
directions. New generations of inverters can provide a frequency gradient dependenrirf¢eih a minor time lag), whic
Oy 068 02 yMMRIGING RA yF SINIGAD € ©
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The frequency containment reserve (FCR), also known as primary control, provides a variabidifessdly dependin
on the deviation 6the frequency Df) from the target value of 561z. FCR is required to act very fast. The require
activation time (FAT) is determined by the considered maximum imbalangedue to loss of the largest generation u
in the system), the maximum allowed frequency deviation and the typical inertia of the system. FCR is a very fa
that requires frequency measurements and control logic directly at the providing assetilyua generator or battery
Some loads controlled by power electronics might also be feasible to provide FCR. Usually, FCR is a symmetric
acts in both directions. The linear function of FCR power only depending on the frequency deviakilas erfast respong
to limit the frequency deviation but does not allow to bring the frequency back to the target value.

Some transmission system operators (TSO), e.g., in the NORDPOOL, differentiate between Frequency Cd
Reserve for Normal Opeiiah (FCRN) and Frequency Containment Reserve for DisturbancesiGRR is a symmetri
service providing upregulation and downregulation with a linear characteristic whilkdF{ifierentiate between upwar
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(increase feedn or decrease consumptioand downward (decrease fedd or increase consumption) regulation. FO
is only activated after exceeding a threshold value of frequency deviation.

@cility

Local FCR
algorithm

setpoint |

Generator,
BESS or

\ consumer

The frequency restoration reserve FRR is managed by the system operator (SO) using the automatic generati
(AGC). The AGC calculates setpoints for multiple balancing providing assets (generators, batteries but alsc
precisely controllabléoads like electrolysers). After reception of the setpoint the assets will adapt the power output
a defined FAT that may be longer than required for FCR. The AGC aims to bring the system frequency back to
value. FRR requires reliable commication between the central AGC and the distributed assets. FRR can be divid
positive products for upward control and negative products for downward control. European TSO differentiate b
faster, automatically controlled reserves (aFRR), tblidw to instantaneous setpoints, and slower reserves that migh
manually controlled (mMFRR) and follow to received schedules.

Total FRR
AGC setpoint
Bl Central FRR galaiaiaiiiiiele
algorithm
Individual setpoint L@ o 5
R o
Tt TTTTTTmmmm e O [
: = 22
ﬁacility \ 5 S S 2
=3 B
,,,,,,,,,,,, i T 2
------- = 53

setpoint @

©

Generator,
BESS or
consumer

FCR and FRR provision in Europe usually require activer measurements with high precisioa.g.,0.5% error class
and submission of data points to the SO in short intenals. (1-2 s) for the purpose of redgime monitoring of provisior
and expost validation of the provided services.

Additional Emergency measures will be activated in case that the frequency regulation system failed, and the fr
deviation exceeds defined thresholds. Emergency measure can include load shedding, disconnection of larg
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consumers or disconnechn of generators. The rules for frequency protection devices to disconnect sensible assetg
of high frequency deviations must be defined accordingly to support system frequency stabilization and to avoid
feedback on the frequency controlenhanisms.

Context of Mayotte:

The rising number of PV power plants to be installed and connected to the main grid in Mayotte may increase the
of frequency contralIndeed,the production is highly dependent on weather conditipttsat arechalenging to forecas
(e.g., a passing cloud leads to a decline in PV produgctidngh may increase the imbalances between generation
consumption. With increasing number of PV generation, partly replacing diesel genethtoratio of spinning maches
in the system will be reduced which has negative impact on the synchronous inertia. To avoid reaching low fi
thresholds leading to load shedding (48.5 Hz, 48 Hz and 47.5 Hz), the French Energy Regulatory Comm#sgiantgcl
an exemption toEDM to operate the grid at a higher frequency. The current mean frequency value is thus of 5(
higher than the 50 Hz stipulated in the EU Electricity Network ¢se4]).

¢CKS YIAY oFftlyOAy3 aSNWAOS (2 02 6A0GK GKS FNBI dzS
NE&SNPBS¢ 6020SNAYy3a C/w YR CwwoX gKAOK Aa SadAYFdS
generation sets of Longoni and Badamiers. The generators are limited to operate8&280f their maximal capacity. R
GKS LI&ad F¥S¢6 &SINBI (G(KS LINAYINEB NBaSNWS KIRyQid SEOQ
and RES integrain.

To stabilize the frequency in the island and ease the penetration of renewable energy, the French Energy R
Commission CRE launched a call for tender to install a battery for frequency control in July 201BIWHRIMWh battery
should be intlled and be ready to operate in October 2021. Following this installation, the exemption (of higher
frequency) should disappear for the tinfeing. It is estimated that further investments will be needed to fulfil
requirements that are foreseein the future.

MAESHA and frequency control:

One of the goals when considering the frequency use case is to find a way for moving from the energy assets
frequency services with the help of fossil fuel to assets using renewable energy sRE®sand Battery Energy Stor
{eaidsSvya 6.9{{0vd ¢2 TFdzZNHIKSNI NBRdzOS G(KS LINAYINE NBa
providing frequency regulation services are needed to have a direct impact on reduction of CO2 emissions.

The main challenges when implementing the frequency control framework are related to the identification of su
assets from RES to reduce the required capacity of fossil fuelled generators that are capable to provide similg
frequency service

¢tKS dzaS OFaS RSaEONAROGSAa (GKS AYyGSNIOGAzya o060SieSSy i
balancing products. The details of the designed balancing products will be defined Deliverable D4.1 Report det
energy marketramework and specific product design details.

For the MAESHA project, it has been decided to examine how different flexibility sources could support the fr
control on the island:

Industrial Demand Response

LYRdzaGNE Q& YIFAY LIzN1}2 &S A& YIydzZFlI OldzNAy3a 2F I22RA
able to provide a certain help to the system operator by adjusting their internal manufacturing process and thus i
or decreasehe consumption for the time being (load shifting) and help minimizing the frequency deviation. Such in
energy assets usually have some restrictions, such as limited duration of delivery (e.g., max 4 h), poor contreligk
manual ON-OR- operation), or can provide such action only at a certain time of the day or year. Therefore, in

2 The French Energy Regulatory Commission is the organization in chargeiofig that the electricity and gas markets
in France function smoothly for the benefit of end users and in line with energy policy obgcti
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demand response is not considered as a primary source for providing balancing services to the power grid, but
serve as secondary source fadditional support when other services are already fully activated (e.g., for emer
measures).

Residential Demand Response managed by a virtual power plant (VPP)

Residential customers may have flexible loads that-esers do not necessarily need instaneously to ensure the
comfort, e.g., akconditioning units and electric heating, but also dishwashers, washing machines, cloth drye
Optimally controlling the on/off times of these devices, considering local frequency deviations, can heguiim@ the
frequency stability. Depending on the characteristics of the device, the activation time and activation duration diffe
pumps or air conditioning units can be used for frequency response, considering the heat storage capacity ofititg
or heat storage in a hot water tank. The activation duration depends upon the stored heat capacity in the buildin
tank and the comfort requirements of the eadsers. These units can be activated very fast (remote swvaitjibout their
availabiity is difficult to forecast.

Smart Charging of electric vehicles (EV) and vehicle to grid (V2G)

Smart charging of EV can be a source of consumption flexibility and theoretically be used even for balancing ser
challenges for provisionof FRRIby 9+ NS ftAy]1SR (2 GKS LINBRAOGAZY 2
the limited hours per day, when EV charging can be used for load shifting. Nevertheless, the forecasting of con
and flexibility becomes easieron afleetaf B> &4 adzOK |y F33aANBILGS 2F | K
services reliably using a minor share of the predicted consumption. Load reduction in EV charging can be ac
reducing the charging powee.q.,switch from 3phase to iphase charging) of a certain number of vehicles. Adval
fleet management might also allow downward services by increasing the charging power during the requested
FeedAy 2F SySNHeé& &G2NBR Ay (G(KS 9+ Qa possibility 8fNgward regulatierlby E
but comes with practical drawbacks like possible reduction of battery lifetime and the need for bidirectional inverte
to the nature of the fleet management and lower frequency of data acquisition, EV chaviljibg preferably applied fg
mFRR than for aFRR or FCR like frequency services.

Virtual Power Plant (VPP) aggregating RES

The variability of renewable energy sources, such as wind and solar, are causing continuous, small frequency
due to ther hard to predict shorterm dynamics and their lack of synchronous inertia to stabilize the frequency ¢
disturbances. Lowering the output of PV plants (downward regulation) during high frequency periods can
frequency stabilization. If PVs asperated below their maximal inverter power, PV plants can inject additional powe
the grid with different activation times, ranging from seconds to minutes during low frequency periods (u
regulation). The latter will result in a reduction ofevall generation or require the installation of PV batteries.
activation duration depends on the amount of reserve kept for upward frequency response and will be the result g
benefit analysis, where the outcome depends on the remuneration®fiifferent frequency response products compa
to the value of electric energy feid by PV. In the last years, much development effort has been made on virtual
provided by PV and wind power, which might become sta#tthe-art within the next deades.

Battery Energy Storage System

By supplying or absorbing power in response to deviations from the nominal frequency and imbalances betwee
and demand, the rapid response of a BESS will provide a frequency stabilizing s€hadast respose capability of BES
allows them to participate in all kinds of frequency response (e.g., FCR, FRR) or even a fast or enhanced frequend
markets (activation in less thans). The BESS will also provide virtual inertia by modulating active gawaefunction o
the ROCOF. The duration of the service provision will be determined by the SoC. BESS providing ancillary s
require an additional charge management to maintain the state of charge (SOC) within predefined dimif
30%<®C<70%) in order to ensure the continuous availability of upward and downward regulation ability
management (consumption or fedd) is based on schedules and should be communicated with the SO, e.g.,
intraday program. The BESS should be a&blprovide multiple balancing services and perform load manageme
parallel.

Powerto-Hydrogen system

Proton Exchange Membrane (PEM) electrolysers have the capability of modifying their load rapidly with very hig
rates (.e.,within seconds) and within a wide operational range up to the nominal power. This flexibility can be utili
large range of frequency regulation (e.g., FCR, aFRR, mFRR). Despite the hydrogen storage capacity, there is n
duration of theservice as the service is provided by reducing/increasing the load of the electrolyser.
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These DER provide their flexibility to the SO via the FMTP, as indicated in8 below.

EDM SCADA

FMTP
(trading/tendering, activation, monitoring)

5 ko) VPP for EV charging
2 % small scale managmt -
S B DER platform ? | 5 %%
® ; - F 554
o= B g 3 O
' - ®
—

dential

Large BES

Res. EV
Battery |l charging

stations

Functions supporting the use case:
This use caseelies on the following functions:

Asset contraction and technical preparation, incl.{grealification

Detection of frequency deviations

Evaluation of flexibility available from different assets or via intermediate platforms
Contracting balancing servipeoducts

Calculation of setpoints by the AGC of the SO

Flexibility activation through the Flexibility Management and Trading Platform (FMTP)
Monitoring of service provision

Settlement process to remunerate flexibility activation

E R I )

This Use Case supportdexhnologyagnostic approach for provision of balancing services by central or decentr
energy assets.
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This SGAMusinesdayer depicts the MAESHA solution in the context of the use case and provides
a conceptual view, a higlevel presentation of the major stakeholders or the major domains in the
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system and their interactiong?lease refer to deliverable D1.2 for furtherdnhation on ths layer
andon the SGAMnethoddogy.
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Figurel0: SGAMunction layer of the frequency control use caspecific architecture

This SGAMunction layer describes the functions and services including their rektips that
support the frequency control use case.

The description of this usease is continued ithe annex (pag®4).
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4.1.2. Voltage control

Scope and objective of use case

{021LIS IyR 202S0GA0Sa 2F (GKS dzas (
0K

{ 02 LIS ¢tKS aod2L)s 27 Aa dzasS OFL&as A& G2 SEIFYAY
RAGGNR WA ASWa &NB RIKS @2t GF3S adloAatAade

ho2SOUGABS6a|¢KS YIAY 202SO0GAQGS 2F (GKAA dzalSKk DR35S AyER
g2t G 3S O2¢@NEBt IESRBYORBE ASNIBAOSA | A Yhq
0FyRa YR NBalG2NB GKSANI @FfdzSa G2 GKS vy
NEBI OGADBS LIRsSNI Ft26as Ay@SadySyda FyR i

Narrative of use case

bl NN} 6A@S 2F dzasS Ol as

{K2NIi RSAONALIIAZY

The voltage control use case aims at using new flexibility assets, such as battery energy storage systems,
energy virtual power plants, poweo-hydrogenfacilitiesor demand response, to support system operators in impro
the voltage profile. This use case will focus on voltage control using static voltage control curves.

[ 2YLX SGS RSAONALIIAZ2Y

Reminder orwvoltagecontrol:

Voltage stability is a responsibility of the system operator to ensure the secure and relfadsiation of the powe
system. The voltage level at all points of delivery should be equal t&/280singlephase power and at 400 for three
phase powein low voltage grid and equal to 20 kV in medium voltage, gvith a margin of acceptability of][0%, +10%
both in steadystate and transient condition&ee[10]). Typical voltage issuexperienced by system operators are voltg
drops or rises at the end of feeders, caused by high demand for power or supply by local renewable energy pn
units at these locations.

On top of changes in voltage magnitudes|tage should remain stable at all times, even during large and
disturbances, denoted dargedisturbance voltage stability and smditurbance voltage stability

I To ensure largalisturbance voltagestability, system operators need to ensure that voltage levels rel
within limits even if a generator or a transmission line goes out of service. The outage of a transmisg
or generator causga variation in the system reactance, which lowers Wioétage generation characteristi
resulting in a lower voltage or possibly unstable operating point.

1 Smalidisturbance voltage stability focuses on the continuous small changes in the system due to imb
between demand and supply, e.g., initiatedthy variability of load and renewable energy sources.

1 On top of the system and operational planning procedures for large and small disturbances, power
should have additional defence facilities in place to prevent voltage collapse following exdistdances
but these are out of scope of this use case.

The voltage stability also strongly depends upon the demand characteristics. If the active power load is
increasing, the reactive power supply curve, which expresses the reactive popely sas a function of the voltag
decreases. An increase of the reactive power load, which may go with the increase of the active power load, will
reactive power load curve. As a consequence, the stable operating point moves towards smtdlge l@lels and th
steady increase of the load may ultimately result in a voltage collapse, when the demand for reactive power K
larger than the supply. This process has been illustrat¢tilih Moreover, the voltage stability depends upon the volta
control capabilities of the generators.
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Context of Mayotte

Some specific voltage issues have already been identified by the sgpnator in Mayotte:
1 Some consumers located at the end of long feeders (e.g., the one supplying the south of the isla

complaining about nowvorking induction cookers because of low voltage level. EDM is thus assuming
voltage drops along its las.

1 The undergrounding of overhead cables currently performed by EDM leads to an increase in reactiv|
levels in the cables and may cause transient overvoltage and resonant behaviour due to the energiz
switching of transformers in the system.

1 A too high voltage level can be observed on high voltage lines between April and October, when the
is lower €.g.,high voltage lines sometimes reach 94kV instead of §OkMs case is more difficult to tre|
for EDM because there is less margin for compensation.

To ensure voltage stability, system operators need to ensure during the network planning stage that reliability]
are satisfied for all possible-Ncortingencies, i.e., that the maximum allowable voltage drops or rises are not exc
and that the stability margins for real and reactive power are large enough for each composite load and load
ensure this, system operators should monitor the daifies of individual assets as represented iJ@anges, such g
the example irFigurell.

U-Q/P,,,-profile of a synchronous power-generating module
V/p.u
Fixed Outer Envelope
1,100 4
— — — — — — — — — —
|-Inrh'r Envelope I
1.050 4 |
_ |
| Voltage Range I
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1 Q/Pyax Range ,I
950 4 : I
900 4 |——————————J
Q/Puax
830 T T
=1 =1 = =1 =1 = = =1 =1 (=1 = = = =
& =] S S = S S = & = S S & S
L -] w -+ ~” ~ — = i ~ [ - S E- F
| [ [
Consumption {lead) Production (lag)

During operational planning and retine monitoring and control, the system operator should continuously mair
a desired voltage profile. Currently, EQddntrols the voltage profile through manual activation of appropriate reaq
power compensatiomlevices, such as capacitor banks, mamuna automatidap-changing of transformers and control
the available Diesel generators (Longoni and Badamiers). An adequate reserve of real and reactive power
maintained at the generators. Reservelis amount of power by which generators in operation can be additionally o
without exceeding the reactive power capability curidote that voltage control can be performed through active
reactive power controlHowever, active power control is egkd to far higher costs and efforts than reactive power con
And & active power is also extensively used in other use cases, reactive power reserve is particularly importar
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voltage stability perspective. This reactive power reserve can beased to quickly deal with a reactive power defi
when voltagedeviationsare detected. The amount of reactive power to be supplied by a particular asset depend
the control architecture in place, i.e., based on a voltage setpginssibly combined with a voltage droop curve
adequately deal with load transients, a reactive power setpoint or a power factor setpoint. The setpoints can be
Y& OKIy3aS ReylYAOILftte 2@0SNJ GAYS 0 adispetified idahercapatiilities g
illustrated inFigurellabove An example of static voltage droop curve is availablgnrel2.

Qv (Vreg)
Qmu.l.

! de

Qmm

Viow Vabiow  Vabhigh Vhigh

Voltage control has specific characteristics, which strongly determine the suitability of acquiring mechanisms
in the voltage control setting. First of all, voltage control should resloleal issues, i.e., in contrast to frequency cont
the location of the assets is more important and assetsnectedclose to the need should be used. Given the s
number of assets combined with the fact that flexibility assets are restricted to specific locations for a particulaha
market liquidityis low, and the efficiency of markétased mechanisms may not be guaranteed. Alternatively, bila
contracts or obligation may be possible acquiring solutions that will be considered. Secortirid i® predict long in
advance the location and extenof the voltage issue unless it depends on structural deficits or known (perio
behaviour of generation or demand. Third, the effectiveness of the voltage control sedeéipeads upon the visibility o
the system operator Currently Electricitéde Mayotte (EDM) onlyhas access to rediime voltagemeasurementsat the
three HV/MV substations in the system.

MAESHA and voltage control:

In MAESHA, the voltage control use case aims at using new flexibility assets, such as battery energy storag
renewable energy virtual power plants, powkr-hydrogen system or demand response, to support system operatq
improving the voltage mfile. This use case will exclusively focus on reactive power control. However, please nd
active power contrglas a measure of last resois, stillfeasibleusing the mechanisms introduced bye next use cas
(seesectiort.1.9.Ly GKS LIAf2G 0SaGX I RSRAOFGSR t20FGA2Y AY
flexibility from the aforementioned assets will be used to support EDRheir voltage control. The voltage control u
case focuses initially on voltage control using static voltage control curves, giving the limited visibility of the
operator in its system that block the case for a more complex dynamic approach stattés

Renewable Energy Virtual Power Plant
Adequate control of the AC/DC invers of PV plants offers the possibility to control the reactive power and vo
in the system.

Battery Energy Storage System

Battery Energy Storage System (BESS)desiiees able to store and manage electric energy. The main subsyste
the Battery Management System (BMS), converter, auxiliary systems and main control system. Amongst other ca|
BESS can perform voltage support to the bus it is connectellbyering a variable amount of active and reactive po

D1.1 www.maesha.eu D 36



EDamsma

according to the control algorithms of the BESS control system. The power dispatch is managgdalyait powel
electronics (BESS converter).

Powerto-Hydrogen system

Power to hydrogen systems apdants that convert electricity into hydrogen than can be stored and subsequ
utilized as feedstocKuel or to produce electricity in a fuel cellhe flexible operating capabilities of the electrolyser
contribute to reduce the voltage fluctuatns at the point of interconnectian

Industrial and Residential Demand Response

Buildings equipped witimverter-interfaced demand or generatior.g.,PV installation, heat pumps, electric boilg
can participate in voltage control services through the reactive power control of those assets. However, activq
control of those assets is more effaet in the framework of other grid services.d., minimization of the consumptio
peak use case) and we might not be able to demonstrate this solution in MAESHA.

Please note that industrial and residential consumers equipped with ierarterfaced demand or generation asst
can theoretically propose voltage control services. However, the service is quite spekdicontrol of the inverer will
0S TFdz2NIHKSNI RSGFEAESR Ay (1 &1 poH a¢ SOKY azZ echadshe ahiligy tg
demonstrate it in MAESHA still needs to be evaluated.

Functions supporting the use case:
This use case relies on the following functions:

I Determination of static voltage control curves by the system operatoraksets capable of reactive pow
O2y NRt k@2f (I 3S &dzZLJL2NL oFaSR 2y lFaasSiqQa OF LI O
using tap changing transformers, capacitor banks or voltage support of Diesel generators)

Local voltage and power measurements

Control logic: determination of reactive power setpoints to follonwcacling to local voltage and pow
measurements and static voltage control curve of the asset

9 \Validation process

= =
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This SGAMusiness layer depicts the MAESHA solution in the context of the use case and provides
a conceptual view, a higlevel presentation of the major stakeholders or the major domains in the
system and their interactions.
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Figurel4: SGAMunction layer of the voltage control use caspecific architecture
This SGAMunction layer describes the functions and services including their relationships that
support thevoltage control use casePlease notehat the communication of voltage and power
measurements tothe SOcan beperformed automatially on a daily basig smart meters are

deployed. Otherwisghe communication will go through a local controller that will tbgsedata and
sendthemto the SO regularly.

The description of this usease is continued ithe annex (pag&bs).
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4.1.3. Minimization of the consumption peak

Scope and objective of use case

Scope and objectives of the use case

Scope The scope of this use case is to examine how the MAESHA system can minin
consumption peak to avoigotential congestion expensive startip of peak generators ¢
adequacy issuehat may occur in the electricity system of the island

Objective(s) The main objectives of this use case are to:

1 Minimize the consumption peak by proposing load shiftingd sheddingr
increase of distributed generation (behind the meter)the SO through the
Flexibility Management and Trading Platform (FMTP)

1 Minimize the consumption peak on a daily basis by following the EV signal se
Electricité de Mayotte (EDM) on i@pen Datdo advertise favourable periods of
consumption

1 Maximize sekconsumption for EV charging to reduce the peak load (link w/ UC
Gal EAYA&LGAZ2Y 2F GKS dAB 2F wSySsl g

If extended to congestion managementsabobjective could be to:
I Control consumption and/or production to avoid congestion in the distribu
network

Narrative of use case

Narrative of use case

Short description

This use case aims at minimizing the consumption peatplementing a flexibility market for load shedding and
load shifting to enable new flexibility assets to support the system operator in operating the grid and by followin
daily basis, the EV signal set by EDM to advertise favourable periodssefneption.

Complete description

Reminder on consumption peak:

Consumption peak also named peak loagirefers to the highest electrical power demand that has occurred o
specific time period. In Mayotte, where the climatechsaracterised by small variations of daily and annual temperat
as well as heavy rainfalls, the electricity demand seasonality is low. The demand is indeed quite stable all aroun
and the daily consumption peak occurs early morning (froant to 8 am.) when people wake upnd, in the evening
(from 6p.m. to 10p.m.) when people get back from work.

Context of Mayotte:

However, theSystem OperatoiSO) of Mayotte, Electricité de Mayotte (EDM), is exipgathanges in the near futur
As a reference scenario for Mayotte, EDM assessed that the total demand should48aGhvwh with a consumption pe
of 84MW in 2028 (to compare with the 370 GWh of electricity supplied in 2019 and the maximum consumptioof
61.5MW reached irFebruary 202)L This increase can partly be explained by the penetration of electric veqjoégsona
cars but also renewed C&l fleetand improving living conditions for the population, which relies more imuode on air
conditioning units. To deal with the increasing demand which may happarhigher pace than grid reinforcements (¢
cope with, EDM is interested in evaluating how flexibility can solve potential congestion.

Grid congestion occurs when thepgacity of the electricity grid is insufficient to transport the volumes of ele
power required to meethe demand. EDM has currently too low visibility on its grid to measure any congestion. Ho
EDM knows that some equipment (transformers anddies)is overloaded by comparing the capacity of the equipm
with the total power capacity subscribed by the eusers located downstream from this equipment. EDM is curre
performing reinforcement work such as:

9 the creation of a new HV/MV substati in SADA to transport electricitg the south of the island using

high voltage lingd90kV) and propose a better repartition of the engasers on the different feeders
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9 the replacement of old transformers

In addition to this reinforcement work, EDM has also set an EV signal, available @peitsDatato advertise
favourable periods of Electric Vehicles chargjiig promote Smart Charging and to not add any burden on the elect
grid of the ishnd. This signal is binary:

1 1 means that the period is favourable and that EV charging is recommended at 7.4 kW maximum
1 0 means that the period is not favourable and that the charging is to avoid or to limit at 3.7 kW maxin

1,25

18 Octobre 2021 23:00

0,75 Moyenne Signal 1

Moyenne Signal

0,5

0,25

Heure

= Moyenne Signal

MAESHA and minimization of the consumption peak:

¢t2 SEGSYR 95a0a NBIFIOK 2y (GKS YIyl3sSySyid 2F GKS O
how different flexibility sourcesould propose load shifting or load shedding through the Flexibility Managemen
Trading Platform on a daghead flexibility market The flexibility market will have priority over the daily optimization
means that a flexibility activation order sent by the DSO through the FMTP will have priority over the EV signal a
on the Open DataPlease note thathe minimizationof the consumption peakhouldalso be able taesolvelocalissueg
(e.g.,overloaded MV/LV transformersij.e.,as in the voltageontrol use casethe location of the assets is important a
assets close to the need should be ustle efficiency of the flexibility market will thus highly depemdits liquidity, the
specific locations of the needs and of the flexibility assets involved.

Partners of MAESHA have assessed the potential indirect impacts of such flexibility markets:
9 Frst, it will help EDM in future decisiemaking processes. By defining a merit ofdfer load shifting ang
load shedding, the MAESHA solution will evaluate the cost of consumption reduction. EDM will thus
ability to compare such prices withternal generation options (in the shetérm) andnew projects (e.g
installation of new batteries, reinforcement work) and evaluate the relevance of the l@attéhe midterm).
1 ¢KSys G(GKAA TFTtSEAOGAf AGE Y bekdvibui which riight b& E&éfulif BDE desi
to implement specific Timef-Use tariffs based on consumer segmentation in the future.
f CAylLfttes GKAAa YIFEN]SG OFy It a2 (sbadBhiftingor Ibad shed8ing)
the operafon of peak power planfs which are usually very polluting.

4Through the forecast of typical patterns of EV charging, the MAESHA solution will be able to propose
flexibility extracted from EV on a daheadflexibility market (if provided the access to the market. Otherwise,
EV can participate in intraddlexibility market)

5The merit order will be calculated based on customers incentivization (@mancial compensation for
switching off its akconditioning unit)

8 Peak power plants refer to power plants that run only when there is a high demand for electricity. They
are usually small power plants fuelled by gas or diesel
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The benefits of this use case are thus spread over time for EDM: on atsherscale, the flexibility market will he
EDM in minimizing theost for electricity suppland on adnger time scale, help EDM in decisimaking.

The different suksystems in MAESHA supporting this use case are described in the following sections.

Residential Demand Response

Residential customers may have flexible loads thatesers do nonhecessarily need instantaneously to ensure t
comfort, e.g., dishwashers, washing machines, cloth dryers;oaiditioning units or electric heating. Typically, th
devices are used simultaneously during the consumption peak, e.g., when customerb@me e the evening. Optimal
controlling the on/off times of these devices can reduce the consumption peak. Dishwashers, washing machineg
dryers may be activated through the day, whereas heating can rely upon the thermal buffer of the baiidilog a hot
water tank to delay or prepone its activation.

Industrial Demand Response

LYRdZAGNE QA YIAY LJzN1LI2aS A& Yl ydzZFl OlGdzNAy3d 2F (KS
hand are able to provide a certain help to the syst@perator by adjusting their internal manufacturing process and
increase or decrease the consumption for the time being (&@fting) and help minimizing the consumption peak. Th
energy assets within the industry have usually some restrictiarnd) as limited timeérame of delivery €.g.,max 4h) or
can provide such action only at the certain time of the day or year.

Industry is usually the biggest energy consumption. Reducing the peak at the point of usage is a perfect can
be usel within this use case.

Decentralized Energy Management within Local Energy Community

Most commonly, Local Energy Communities (LECs) are legal entities such as associations or cooperatives
involved in generation and satbnsumption of renewale energy. Often, LECs consist of prosumers, meaning mer
who both produce and consume renewable energy. These may own generation assets, practioasetiption, shar
electric vehicles or are active in the local energy market through selling egoesgy or being engaging in flexibil
services. By offering local energy arbitration based on individual's needs, the energy management system develop
MAESHA will assess locallygregated flexibility to help the system operator in operatingdistribution grid.

Smart Charging/V2G
Smart charging is the process by which Electric Vehicles (EVs) connected to charging stations are charged/d
taking into account various factors such as consumption peak, renewable energy production dgloteaftiff periods
Upon request from an aggregator or a system operator, the Charging Point Management System can reduce o
GKS O2yadzyLJiazy 2F (KS 9zxa3 ¢gKAfS NBaLSOlGAy3dI (GKS 9

Battery for peak load coverage

We would also like to integrate the battery for peak load coverage that will be installed on the island by the
2021. This battery can indeed contribute to the use case by providing additional@tgcupply to meet the consumptic
peak, without running polluting and expensive peak power plants.

Function supporting the use case:

Considering the flexibility market, thesecase relies on the following functions:
Contracting flexibility products
Farecast and operational planningdetection of a consumption peak
Aggregation and bidding of flexibility from different assets by the intermediate platforms (VPPs and EV E
Activation of flexibility through the Flexibility Management and Trading Platform
Disaggregation of flexibility activation and control dispatching
Settlement process to validate flexibility activation
Minimization of the consumption peak by Smart Charging/V2G

Considering the daily optimization, only EVs and potentially Local Enemgyities (LEC) will be able to synchrof
the operation period of their respective assets with period advertised by EDMQ@p#s Data
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This SGAMusiness layer depicts the MAESHA solution in the context of the use case and provides
a conceptual view, a higlevel presentation of the major stakeholders or the major dimsan the
system and their interactions.
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Figurel7. SGAMunction layer of the minimization of the consumption peak use casgecific
architecture (flexibility market)

This SGAMunction layer describes thiinctions and services including their relationships that
support the minimization of the consumption peak use case.

The description of this usease is continued ithe annex (pag®6).
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4.1.4. Maximization of the use of Renewable Energy Sources

Scope and objective of use case

Scope and objectives of the use case

Scope The scope of this use case istaximize the use of Renewable Energy Sources in the da
through collective sel€onsumption operations, local energy communities and hybridizatiq
assets

Objective(s) The main objectiveof this use casés to maximize the use of Renewable Energy Sol
through:

1 The decentralization of renewable energy production and empowerment of cit
using collective selfonsumption operations or energy communities

9 Higher levels of solar energgrfcharging electric vehicles to lower emissions in
transport sector

9 Higher levels of solar energy in climatizat{&tVACHevices

Narrative of use case

Narrative of use case

Short description

This use case aimsiatplementing collectivaelfconsumptionoperationsand hybridizing assets (EV charging sta|
and airconditioning units) with photovoltaic panels to maximize the use of Renewable Energy Sources.

Complete description

Themain objective of MAESHA isdecarbonise the energy systems of geographical islands, with two specific obje|
relevant for this use case:

1. Reach up to 70 to 100% of Renewable Energy penetration with close collaboration between Local |
utilities, communities, modellers andlexibility solutions providers

The potential for PV is high in Mayotte. With an electricity grid faly conforming to European standarget and
many PV installations waiting for a connection to the main grid, many prosumers install small PV prodnittigag.,
rooftop panels) to use a local and renewable electricity production. Those operations are named individy
consumption. In MAESHA, we will examine how those operations could be extended to a community level thrg
development ofcollective selfconsumptionand the creation of multiple Local Energy Communities.

2. Create synergies between electricity and other networks

The transport system in Mayotte, which is the primary source of GHG emissions on the territory (36%), i
exclsively based on thermal vehicles. Very few Electric Vehicles are being deployed (of the order of a few ten
(see[4])). However, if charged witbarbonized electricity, as the one produced by the EDM diesel power plants, the K
for the environment is small (approximately equivalent to a recent thermablole of the sameategory see[4]).

The law on the orientation of mobilities, published in the official gazette on December 26, 2019, includes a ba|
sale of cars using carbdrased energy by 2040. Thus, it is necessary to engage an ambitious transition on the dep
of Mayotte. Tke Multi-Annual Energy Programming objectiverigyrating to10% ofelectric vehicle until 2030. The fin
electric vehicles have been purchased by dealers to meet the demand of companies or local authorities for the rep
of their fleet in 2019. Inéed, the TECV law (article L. Z24nd L. 224 of the environment code) fosters local authorit
to integrate vehicles with lower GHG emissions into their fleet. A call for projects from ADEME has made it pg
launch the first recharging infrastcture development projects. Thus, on the territory of the Community of Commun
the South (CCSUD), 5 stations, each coupled with a photovoltaic power station, will be equipped to recharge g
vehicles of the CCSUD asupplythe 4 town halls offte territory. A similar project exists on the territory of the Commu
of Communes of Petite Terre (CCRiTis important to highlight that those charging stationgl be limited to 3.7 kVA ¢
7.4 kVA when supplied by electricity coming from the giebending on the EV signal (see sectdoh.3), and to22 kVA
whensupplied bylocalsolar electricityLocalauthorities are thus really interestiin the MAESHA solutida maximize thg
use of RnewableEnergySourcesto charge their EVs.
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In MAESHA, to foster the deployment of a more sustainable way of travelling across the island and to imy
quality, it hasthus been decided to examine thhybridization of the Electric Vehicles charging stations with
production and to synchronizéhe period of charging with period of local and renewable production.

Additionally, in the tropical climate of Mayotte, many consumers are relying eooaiditioning units or coolin
systems to deal with the high temperatures. An EDM study reveals Heinportation of airconditioning unitshas
increased by 7% in three years (2012019), with approximatively 60% of the population in Mayotte being equipped
such systems. With an average number of 2.3cairditioning units per househd, the number of such systems
evaluated at 87000 (November 2020). The electricity consumption of this equipment is intensive and has a direq
on the electricity system of the island. As-@imditioning units are mostly used during the warmeardahe sunnier) hour
of the day, it has been decided to examine twipling of such systems with PV production

MAESHA and the maximization of the use of Renewable Energy Sources:

The different suksystems in MAESHA supporting this use case are:

Collective seliconsumption

The French Energy code defiriadividual and collective setfonsumption in 2015 and 2016. The sshsumption
operation is collective when the supply of electricity is carried out between one or (RdMproducers and one amore
final consumers linked together within a legal entity and whose consumption and injection points are located in th
building, including residential building his framework is a way to involve citizens in the energy transition subject {
empower them.Collective seltonsumption scheme allows to free PV producers from the limits of individual
consumption such as the absence of outputs for the local production not consumed (in case of surplus, the local pf
is lost).It also puses back the need for a battery to store electricity as most of it is consumed by the PV owner §
different consumers involved in the selbnsumption operation.

Decentralized Energy Management within Local Energy Community

Local Energy Communities (LECs) are, most commonly, legal entities such as associations or cooperatives
involvedin generation and selfonsumption of renewable energy. Often, LECs consist of prosumers, meaning m
who both produce and consume renewable energy. These may own generation assets, practioassetiption, shar
electric vehicles supply equipment are active in the local energy market through selling excess energy or being er
in flexibility services. By offering local energy arbitration based on individual's needs, the energy managemen
developed within MAESHA will maximize the selisumption of the LEC by aggregating the loads and the supply
community.

Hybridization of EV stations with PV production

EV charging stations coupled with PV production units allow for the recharging of EVs with renewable solal
allowing for the growing number of EVs in Mayotte to be powered with clean energy sources when solar prodl
available, reducing the Gkemissions generated by the charging through carbonized electricity. In addition, whet
is an excess of PV production (perhaps due to a low number of EVs being charged at a particular moment), the &
be fed to the grid to avoid curtailment dmprovide further services for the maximization of RES in the island. The bg
of this hybridization can be extended tymart charging as presented below.

In MAESHA, it has been decided to renew theCI#get of vehicles with EVs and to instatitaarging station couple
with a PV production for the usage of EDM.

Smart Charging/V2G

Smart charging is the process by which Electric Vehicles (EVs) connected to charging stations are charged/d
taking into account various factors such as canption peak, renewable energy production or low/high tariff perig
Upon analysis of the renewable energy generation forecast, the Charging Point Management System can synch
charging of the EV with perigaf local generation, while respectingtS 9+ RNA GSNIDA& LINB T SN
at its departure time)Byimplementing Vehicl¢o-Grid, EV batteriesanbe used as distributed storagmitsto store solal
electricity when plugged to a hybridized charging statituming sunny hours and to dischardering darker hourgor

" SourceFrenchEnergy Cde (Art. 3152) (see[8])
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different purposes (charging of other EVs, avoidingsfaet-up of polluting peak power plants, etclf thusmaximizeghe
use of Renewable Energy Soureeslthe environmental impact of this use case.

Hybridization of cold production with PV production
As airconditioning units are mostly used during the warmer (and the sunnier) hours of the day, it hasiéadad
to examine the coupling of such systems with PV production.

Local authorities
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This SGAMusiness layer depicts the MAESHA solution irctiveext of the use case and provides
a conceptual view, a higlevel presentation of the major stakeholders or the major domains in the
system and their interactiond.ocal authorities and SO are represented in this illustration as the
MAESHA solution witirovide them wih a serviceof seltconsumptionmaximizationwhen charging
their EVs fleex
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Figurel9: SGAMunction layer of the maximization of RES use capecific architecture

This SGAMunction layerdescribes the functions and services including their relationships that
support the maximization of RES use case.

The description of this usease is continued ithe annex (pagd.15).
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4.1.5. Energy Access

Scope and objective of use case

{021 IyR 202S0GA@Sa 2F (GKS dzasS (

{ 62 LIS t NPGAAAR2Y 2F NBtAFIOGES YR FFF2NRIFIotS | Q

ho2SOGA@BS6a¢KS 202S0O0GABS 2F GKS dzasS OFrasS Aa (2 NBa

al@20GSsY (Kdza F2aliSNAyYy3I KAIKSNI O2YYdzyAd
G§SOKy2ft23e0

Narrative of use case

bl NN} 6A@S 2F dzasS Ol as

{ K2RNSIA ONR LJG A 2 Y

The objective of the use case is to respond to the ladgklibleaccess to electricity in Mayotte. The use case by
2y {dzaldlAylroftS 5S@St2LISyd D2t o6{5D0 13X (2 a&Syadz
Fftéx gKAES G GKS &lFYS GAYS 27T SNanyoH(marghilizel)0dnmunities.

/ 2YLX SGS RSAONALIIAZY

Context of Mayotte:

Despite officially being part of the European Union, existing secamomic differences should be considered w
implementing a technological innovation project suchMAESHA in Mayotte. Official statistics illustrate the contex
differences of the island compared to many of the follower islands and of mainland Eukjie an annual populatior
growth of 3.8 per cent, on average 5 children per woman, and a GrosgeddicrnProduct comparable to that of Djiboy
Mayotte stands out compared to many other European regions. In comparison, the GDP of La Réunion, another
oversea department, is more than double of the GDP of Mayotte (Mayotte ann. GDP p.c.: 13R¥hiHn: 27 000$
Compared to France with 16 per cent, a staggeringdZ(er cent of people in Mayotte live below the poverty li
Conservative estimates state that 25.9 per cent of the population is unemployed and half of the population is youm
18 years old. Due to this lack of perspectives for young people, many of those who have the possibility leave tf
resulting in a brairdrain.

Li A& SadAYFGSR GKIG INRdzyR KIFEF 2F al é&2G0i5Qa pnj
that 30 per cent of the population have insufficient access to running water and 40 per cent live in sheet metal
often without clearly defined property rights of the inhabited land and without connection to the main grid. Ultim
the local energy infrastructure suffers from a growing number of illegal connections and energysthesinga major
challengeto the localDistribution System Operator (DSO)/Transmission System Operator (TSO). The reduction
illegal connections as one goal of MAESHA (see KPI 3.6) and the necessity to consider the local context and re
of the local population have led to therimation of the Energy Access WU8ase which is described in this chapter.

The communityd & SR F LILINRBF OK fASa a4 GKS KSENI 2F (KS 4
impact and sustainability. This also means that relevant commueiggls, such as the demand for better enesapcess
must be considered from an early stage on. Disregarding the local context a@ehpleasizing community needs ba
the risk of MAESHA being seen as intellectual or elitist project which is dedicatdd wglthy and educated individual
Hence, a fair and just distribution of the benefits reaped from the project serve as benchmark for accomplishn
MAESHA in the region.

Further, according to community representatives, the level of awarenesseioewable Energy Technology (RE]
low. For many, RET is expensive and only for wealthy people. While the issue of climate change has gained muck
in central Europe and in educated circles, the topic is given much less importance to by conswindistruggle to mee
their basic needs. Demonstration sites which focus on the better provision of energy to residents, especially th

8 INSEE2021.See[2]
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find themselves in precarious living conditions, can have a major impact. They serve as good examples fessHoyliag
and potential benefits of renewable energy and to help establish trust into local authorities and even into the Ey
Union. Visible examples of RET in vulnerable and marginalized communities are key for their further adop
ultimately for combating climate change and energy poverty. The Use Case Energy Access also builds on the S
Development Goal set by the United Nations, nan®BG7, tax Sy a dzNBE | 00Saa G2 | FF¥2N
Y2RSNYy SySNHe& FT2NJ I ff oé

DuetoS31f O2yaiNIAyGaszs az2vysS 2F GKS | NBIFIQa Yz2ad | ¥
residents often do not own the property rights of the land they live on. Considering this barrier, we identified thredq]
target groups o may benefit from the Energy Access use case:

1. Legal communities with no connection to the main grid. Note, however, that most legal settlers are &

connected to the main grid.

2. Legal communities who are connected to the main grid, but an upgradeeafdnnection is needed e.g., if exist
lines are congested.

3. Farms or agricultural areas with no energy access/connection to the main grid.

MAESHA and the energy access:

Perspectives for solar communitgollective self-consumption
A firstassessment related to Energy Access has revealed that there is high potential for residential solar teg
possibly in combination with social housing and resettlement programs, set up by municipalities.

Example of a potential Local Energy CommufhiiyC) in Majicavo Koropa (City of Koungou):

The city of Koungou is currently carrying out a resettlement program, to relocate marginalized communiti
sheetmetal settlements to lowcost houses (Sdeigure20 below). These houses can be equipped with solar panels v
can be maintained and maged by the inhabitants of the houses. By forming a Local Energy Community, inhabitg
exert agency under the umbrella of some legal entity, such as an association. Thus, they can collectively de
investments and other relevant issues.

Local Energy Communities can be involved in a variety of different tasks and come in different legal fo
constellations. Most common are Energy-@eratives who are involved in collective setfinsumption. Publi®rivate
Partnerships are also frequ#y found, where a public institution such as the municipality can support the LEC
financially or by other means such as legal counseling. Further, LECs can set up awareness campaigns on ene
provide energy services such as demand sid=hmnism$ and energy auditing or reinvest generated income i
neighborhood electric vehicle fleet. Thus, they play an important part in the transition to a green energy infrastruct
enable citizens to become an active part of the energy system.

In the case of marginalized communities such as in Majicavo Koropa, the collaboration with local public actors
to overcome different entnbarriers to Local Energy Communities. The nature of these barriers stem from fin
restraints or the dck of education, trust and/or other capacities. It also helps overcoming some of the substanti
issues around informal settlements. This scenario is a step towards introducing marginalized communities to Re
Energy Technologies and helps B capacities for active energy citizenship. At the same time, it empowers vuln
communities to harvest the potential economic and social benefits of innovative technologies introduced by M
bringing them at the forefront of the broader sociahd energy transition aimed for in MAESHA. Ultimately, tk
communities can become role models in the region and inspire others to follow their example.

9 Energy communities can provide servitesystem operatorgnly if connected to the main grigecond
category of identified target groups)
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Within MAESHA andtassist the development of a demonstration site in Majicavo Koropa in the city of Kouh
is proposed to call upon a French metropolitan association called Sol Solidaire which develops solar projeet
consumptiort® in social housing. This assaton helps to fight against energy poverty by financially supporting
installation and operation of photovoltaic power plardgsocial landlords, on the site of lesent buildings, with the ain
of supplying the occupants with free solar electricitpguced on site.

Membership tothis association is in the form of candidater® a callfor tenders launched everyear betweer
September anddecembe. Candidates (usuallylandlords and/or public authorities) commit to supply the energy of t
installation totheir tenants. The city of Koungou could apply for this fmlltenders However, the PV power capac
installed should bebetween 10 and 258W, to be eligiblefor the call for tenders

Installation and operation of PV power plants are financially supported by the association, whiclafargigplieq
by sponsorsFunds are collected in metropolitan Franbat can be used for projectecated inMayotte. For our project
the sponsorcould indirectly belocal authorities ofMayotte throughvariouscompanies Local authorities oMayotte
(Department and Region) can subsidize companies if the objective of thelgwoncerns the development of renewalt
energies (like installation of PV panels). This subsidy wbaldbeconditioned to the payment of a part of the profits
these companies to the association Sol Solidaire. It should be noted that the assoSialtiBolidaire does not carry g
any economic activiies, so this aid does not fall within the scope of the regulations on state aid.

Perspectives for Power to Hydrogen to Pow@2H2p}

Another perspective is the use of Power to Hydrogen to Power (P2H@&hnology where communities wi
insufficient access to electricity are provided with a foell and hydrogen supply which ideally is produced from
(Renewable Energy Sources) ineectrolyserconnected to the main grid. Note that the energy mixMayotte is still
heavily based on fossil fuels which means that the hydrogen cannot be considered green yet. However, as the
to Renewable Energy in Mayotte progresses, the produced hydrogen becomes greener as a result. In the best|
installation of the P2H2P technology will be accompanied by the installation of a solar plant, which compensate
additional use of electricity.

As it is the case for residential solar energy, the provision of P2H2P can be accompanied with theriarhukiferent
legal entities forming Local Energy Communities. Both residential solar panels and P2H2P can bring benefits tg

D1.1 www.maesha.eu 9 51



EDamsma

which are not connected to the grid, e.g., agricultural areas. Besides, P2H can provide flexibility servicesaio téd
(e.g., frequency control), by taking advantage of the quick raipg and rampglowns and the power range of operati
of the electrolyser.

This works as follows: A fuel cell is installed in an area where there is no connection to thgrithadm it needs to b
upgraded. The fuel cell would then be fueled with hydrogen which is transported from the production site whe
electrolyser is ennected to the main grid. Local people can be trained in the maintenance of the fuel cells, or e
transport of the hydrogen from the electrolyser to the fuel cell. This opens many opportunities to combine the pr
of electricity through innovate technology and the communiyased approach and formatiasf Energy Communities
MAESHA.

Community

RES

Remote
Energy

supply

Storage

H, ) and
generation

transport

e

Fuel cell

. H2 bottles
electrolysis

Grid

19The collective selfonsumption regimedefined in article L.318 of Code dé Q 9 y, SuthBrizeS one or
more electricity generators to provideectricity, for free or against payment, to one or more consumers.
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This SGAMusiness layer depicts the MAESHA solution in the context of the use case and provides
a conceptual view, a higlevel presentation of the major stakeholders or the major domains in the
system and theiimteractions.
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This SGAMunction layer describes the functions and services including their relationships that
support the energy access usase.

The description of this usease is continued ithe annex (pagé.27).
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4.2. REQUIREMENTS

To properly demonstrate the different use cases in Mayotte, partners in the consortium defined

a list of requirements to be mefhose requirements are also relevant for tieplicability study for

follower islands and expansion to more islands as they are essential for the proper implementation of

eachuse case and solutiofhose requirementgan be divided into three main categoriegeneral
requirements for the project, wes casespecific requirements and solutiespecific requirements
further detailed inTable7 below.

Requirements

category

Requiremerts

Description

General
requirements for
MAESHA

Prosumersrecruitment
and engagement

To foster longterm engagement of prosumers in Demal
Response schemesd flexibility servicesit is important
to find appropriate business models and finansigthiemes
benefitting them. Those models will be defined in task ¢

Cybersecurity, privacy
and data protection

Data used in the project needs to be handled w
precautions in order to ensure the respect of the prive
of the users and the confidential data of companies. Th
concernswill be tackled in task 7.3

Use case specific

Location

Voltage control and mimization of the consumptior
peak are localized use cases, meaning that they ta
local issues. The flexibility sources (exterfaland
internalto MAESHA) should thus be localizedspecific
locations for a particular nee(e.g., voltage deviations @
overloaded equipment).

Data availability and
access

Use cases benefitting the system operator (frequet
control, voltage control and minimization of th
consumption peak) highly relies on data (e.g., meter
and measurement data) for the detection of the issue,
the baseline and flexibility forecast asell as for the
settlement process: measuring devices as well as si
meters should thus be installed for the propi
implementation of those use cases.

Collected data should also be accessible to MAE
partners to run their solutions.

Communication

The SOand the different components of the MAESEH
solution should effectively communicate to exchange f

11 External flexibility sources: PV plants, existing batteries, indistnd residential consumers inved in

Demand Response, existing charging stations

12 Internal flexibility sources: battery, powéo-hydrogen system, charging stations
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information needed for the proper implementation of th
use cases.

Solution specific

Interoperability

5SFAYSR & aiKS more systeiniicr
components to exchange information and to use t
information that has been exchange Ay G KS L
Computer Dictionaryinteroperability is a critical enable
of the smart grid potential and should be considered fr(
the very begining in the project development lifecycle
Interoperability requirements will be further detailed i
deliverableD1.4.

Technical requirements

To support the use cases described in sectibd,
solutions should meet some technical requiremer
further describedn Table7.

Solution Requirements

1

RES

Virtual Power Plant

Existing RES power plant must be able to communicate data to
gatewaysviaModbusTCP protocobr RESWebservices

The inverer-control of PV plantsnustallow for reactive power control tg
participate in voltage control

Local voltage measurements and current measurements (possibly p
measurements if gridorming inverer-control) mustbe available to inform
the local logic and inveet-control.

Community

self-consumption

Communitiesnustbe structured into Local Energy Commiugstor into
any other form of legal entities

Industrial &
Residential

Demand Response

Residential endisers must have a battey, electric boiler, heat pump, ai
conditioning unit and/or electric vehicle to be eligible for residen
demandresponse

Gatewaysnustbe installed ifocations where an internet connection (e.g
via cellular network) is available
Local measurement®(g.,active power, voltagg to inform the local logic
and measure the response of the assaistbe available

Smartcharging/V2G &
hybridization PV/EV

Charging stationsnust be equipped with the EV Energy Managemg
System (EMS, which is used for the optimization of charging statio
smart charging and V2G integratiorgnd with the Charge Point
Management Sysim (CPMS, which is a cloud based/standal
application¢ OCPP Serverused for managing the charging statiyns
Existing charging statiomsustbe able to communicate using OCPP 1.6
2.0to connect to the MAESHA solution

PV panels must be conaed to EVSHE® maximize the usef renewable
energyfor EV charging and thus enable a better carbon footprint.

D1.1
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1 Energy consumption and generation forecasts must be available.

1 To perform the relevant energy transactions, Bovlabs Smart Ageass
have access to metering data from the SO, the BESS and/or the RES

1 EV drivers mugtave a smartphone to use tHeV chargingnobile app.

I Conditioned area available for the equipment: the location of the ag
Battery storage should present some chacteristics related to safety, accessibility a
security. Those characteristics will be further defined in task 6.3

1 Conditioned area available for the deployment of the equipment:
location of the asset should present sortgaracteristics related to safety
accessibility and security. Those characteristics will be further defing

Power to Hydrogen task 6.4

1 Thepurchasednverter mustbe capable of voltage control

1 Thepurchasectlectrolysemustbe able to work in a-200% naninal load
range and quickly modify the load (in seconds)

4.3. KEYPERFORMANAEDICATORS

The following KBhave 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 desyrsuch as KRl & [ I NB S
a0l tS dzLdil 1S 2 F which &4 dnly relévant fdefollofvef demanstration sites. The
partners that will be responsible for the measurement of thesesKfel indicated in the last column.

Theresponsibilitiesof the responsible partneare as followed:
1 Checkat early stages of the projethat the KPI is reachable the context ofMayotte and
MAESHA
1 Regularly beck that everything is done to reathe KPI target and warn the consortium
partners of any deviations thhanay occuy
{1 Propose a measurement or calculation method
1 Measure the KPI at the end of the project

Some measurement and calculation methods are already availaBleniex

Please note that the relevant KPIs for each use case are listed in the section 1.5 of each use case
description that can be found in annex.

Key Performance Indicator Target Responsible

partners

1. Reduction of fossil fuel consumption and development of renewable endrgged systems
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11 Share of electricity_pro_duction from fossil fuels in 95% EDM
Mayotte at the beginning of MAESHA

12 Share of electricity production from fossil fuels in 70% EDM
Mayotte at the end of MAESHA

13 Share of electricity production from fossil fuels in 40% EDM
Mayotte 10 years after MAESHA

14 Renewable energy capacity installed in Mayotte than 20 My EDM
to MAESHA solutions

15 Reduction of km travelled with combustion engine ca 5094 EDM
in Mayotte 10 years after MAESHA

1.6 Storagepowerinstalled in Mayotte during MAESHA | 1400kW | cOBR&EDM
Storageenergy capacitynstalled in Mayotte during 3000 kWh

1.7 MAESHA QCOBRAEDM

18 Flexibility available in Mayotte thanks to MAESHA DF - 2600 kw CENTRICA
solutions

1.9 Flexipilityavailable in Mayotte thanks to MAESHA DR 13000 kWh CENTRICA
solutions

1.10 | Electricity load adaptability level 15% CENTRICA

111 Total_ flexibility available in Mayotte with MAESHA 4 MW OyberGRID
solutions

112 Total_ flexibility available iMayotte with MAESHA 18 MWh CyberGRID
solutions

113 Horizon for full decarbonisation of the transport sectc 2040 EDM
in Mayotte

114 Horizon for full decarbonisation of the energy sector 2050 EDM
Mayotte

2. Large scale uptake of MAESBE®&utions

21 Number of follower islands and deep replicability 5 TUB
studies

29 Number of relevant islands touched by the >200 GTVEQY
communication and dissemination activities

53 Number of replication manuals training sessions and >30 WP10 partners
workshops

24 Number of technological partners giving 10 TUB
recommendations for replication

o5 Population of overseas islands directly impacted by | >1000 000 GTIEQY
MAESHA solutions

2.6 Number of EU islands that could USAESHA solutions ~ >400 GTI
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3. Local Energy Communities

sector in Mayotte 10 years after MAESHA

31 Number of Local Energy Communities created in >10 HUD
Mayotte
3.2 Number of LEC created in follower islands >6 HUD
3.3 Number of LEC created from the project >15 HUD
3.3 Number of people involved in a LEC >100 HUD
3.4 Total number of people involved in MAESHA LEC >2000 HUD
35 Total energy produced by LECs in-eefisumption >5MWh | Trialog/Tecsol
during MAESHA
36 Decrease of illegal connections thanks to LEC -30% EDM
development
4. Stability of the grid for islands
From 6.6 to
4.1 Shortages duration before and after the project 2.2 EDM
h/year/con
sumer
From
[49.6;50.6]
4.2 Frequency range before aradter the project to EDM
[49.8;50.3]
Hz
43 Reduce exchanged energy between island and main 1504 To be discussec
(when interconnection exists)
5. Reduction GHG emissions and improvement air quality
51 Reduction of GH@missions for electricity sector in -30% EDM
Mayotte at the end of MAESHA
52 Reduction of GHG emissions for electricity sector in -60% EDM
Mayotte 10 years after MAESHA
53 Reduction of GHG emissions for mobility sector in -10% EDM
Mayotte at the end oMAESHA
54 Reduction of GHG emissions for mobility sector in 50% EDM
Mayotte 10 years after MAESHA
55 Reduction of particulate matter emissions from mobil 500y EDM
sector in Mayotte at the end of MAESHA
5.6 Reduction oparticulate matter emissions from mobilit
-70% EDM

6. Electricity costs reduction and upgrade grid infrastructure

D1.1
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6.1 Reduction of cost thanks to avoided congestion -10% EDM
6.2 Reduction of peak demand thanks to avoided -15% EDM
congestion
30 min
0,
Distribution grid stability through responsiveness of (>2if oI
6.3 flexibility services (Time required to activate portion ¢ (>50%DR) CyberGRID
available load flexibility through DR services) 5 4h(r)s
(>100%DR
6.4 leell_ho_od _of p!redlctlon of congestion (voltage/power >90% TUBHIVE
flow limit violation)
Accuracy of forecasts at prosumer, MV/LV transform <20%
6.5 or substation level (energy demand, generation, MAPE HIVE
flexibility)
6.6 Overall effectivenes_s of complete system in kWh for >50% EDM
DSO avoided curtailment
6.7 Average LCOE variation before/after the demonstrati -5% EDM
7. Socieeconomic impact
71 Share of income diouseholds spent on electricity bill <15% HUD
in LEC
7.2 Net job creation from the project 100 EDM
7.3 Number of people involved in training activities 500 WP10 partners
74 Number of potential investors reached through the 50 EQY
project
7.5 Number of investors arising from the project 10 EDM
7.6 Amount of investment arising from the project pna EDM
7.7 Direct and indirect job creation from the project >100 EDM
7.8 Green tourism development in Mayotte 20% EDM
8. Higherinvolvement of the population
81 Number of local people involved in Mayotte through >2000 HUD
‘ community-based approach
8.2 Number of workshops organised in Mayotte >20 HUD
D1.1 www.maesha.eu
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8.3 Number of workshops organised in each follower isla >3 GTI
8.4 Totalpumbgr of. people reached by workshops, event 510 00 EQY
and dissemination
D1.1 www.maesha.eu
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5. CONCLUSION AND NEXT STEPS

This document presents the demonstration sit&s energy situation and the expectations of the
pilot partner,Electricitéde Mayotte, towards the MAESHA project. It also desctibedive use cases
that have been selected for a demonstration in Mayotte, based on the needs of the pilot parther and
of the local population
Frequency control
Voltage control
Minimization of the consumption peak
Maximization of the use of RES
Energy access

o Do To T I

The document also lists some requirements for the proper demonstration of the MAESHA solution
in Mayotte: generatequirements for the project, use caspecific requirements as well as solution
specific requirements. Finally, KPIs were identified and linked to relevant use cases to assess the good
completion of the project.

The five use cases described in thscument pave the way for the implementation of the
MAESHA solution in Mayotte. The description of the flexibility products, the exact location for
demonstration of the use cases, as well as the location of the assets to install will be addresséd in WP
& Bergy markets for geographical islands and associdtédA f 2 NE R 0 dzdHe yuspdse ofY 2 RS &
the latter is to ensure the commercial viability of the projectd to determine the business models
and costs implication of the developed solutions by settipgan underlying market design and
business models for the different market players, aligning the solutions with the fegalatory
framework and providing policy and regulatory recommendations for an efficient market uptake in
islandslf use cases amdjusted or modified along the project, the use cases definition will be updated
accordingly.
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KPE MEASURG METHODS

KPls Measuring method

Sum of power capacity of the energy storage systems deployed in Mayotte durir
1.6 MAESHA project period. For the Hydrogen systems, the highest powebetueen
electrolyser and fuel cell
17 Sum of energy capacity of the energy storage systems deployed in Mayotte duril
' MAESHA project period.
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Frequency control

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

Use case identification
I D Area/ Domai n/ Zone/( Name of the wuse ¢
ua Ar ea: Energy system, Frequency control
Domai n: Transmission, DE
Zones: Operation

1.2 Version management

Ver si on management

Ver s Dat e Name of auth Changes Approval st
N o

0.0 15/ 07/ |Marjolaine Farr @l nitial creat|Draft

0.1 10/ 09/ |Andrag Andol gek |[Update Dr aft

0.2 21/ 09/ |Christoph GutscHFinalization |[Fi MDalaf't

1.0 08/ 10/ |El chaysse Soudj gReview by EDM|Final version

1.3 Scope and objective of use case

Scope and objectives of the use cas

Scope The scope of this use case is to examinhe ha
valueHaof 50

Objective(s)|The main objective of this use casesitabtlo s$
bal ancing services. Il mpl ementing the bal anc
mai ntlae nequi l i brium between consumption and
from the nominal val ues.

1.4 Narrative of use case

Narrative of use case

Sh

bu

i stributed energy assvetrd vuarnd Pvmviee) [Reé thindacbgr phgt Aodmso(Qtr

ort description

Thhs$¢lewesle case describes different scenarios incl. a
ntrol system. The UC differentiates between FCR (fweqg
e aeixnpeld approach is technology agnostic and supportsfag
|l ancing service provision. A common approach to hmesglo
sidential demand response aggregated by a VPP, sm®&rt by
ergy stomyge ogeawerd ectrolyser) is explained.

The scope of the useoftabel amcilungesedvimeasi enémnmges for

rvice activatidati mopni andingmumerati on.

Al periodic communication between the system operat (
gawvimaeda Flexibility Management and Trading Platform (
The use catstee foictussaetsi @om on the | sland of Mayotte and a
t also takes into account updates of the system opera

Co

mpl ete description

t h
be

I ntrodubcatliaonnc itnog s ervices for frequency control

The system operator Electricit® de Mayotte (EDM), rés
e network frequency wi2tOh0i nmHz )n Baerroougnnde gon0d vv d & hi 6 m3 D6 &
t ween gemnienr attoi otnh e( fgereidd) and consumption (extraction f
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that caus
unexpecte
spinning

The mec

i mmedi at e
The highe

frequency
only a mi

Some tr

upregul at
consumptii
value of

are mainly caused by unpredi ¢ttabl ehel gctdatiregeeatyd)hegl

as s heigum24i nAfter an incident |ike the unexpected outage

rate of change in frequenzyti(ROCOF)indhtei &driegquanppnystia

Incident ¢.g.outage of generator)
+ Range of tolerance
U N i
28 — Time
() I I I I
o i i i :
& O\ | |
. — s,
S ) : g3 :
I 1 1 © 1
L : gz :
1 1 1 = QO 1
P2 2 : =2 :
g EZ 42 2s !
S =5 ES | = :
3 == TS o <5
I :Eg: 238 : Ts !

The frequency containment reserve (FCR), -iahn slbi kemamwlny 4
deviation of the frequenkHzy. (MMER ifg orme ¢ wtier adartge ta ovtal wer Yy
determined by the coneideeedomavismumfii mhal drcgeghegeaner
frequency deviation and the typical inertia of the &dysd
|l ogic directly at the providing asset, esueallegtaogeéecsr a
provide FCR Usually, FCR is a symmetric service thagt oan
frequency deviation enables a f adtoerseanwdnad |toaw Itiomibtr i tnhy
val ue.

Nor mal OpeMNat iaommd FFE@Ruency Cont anicnrense-li{)FCREELCIRs va g mmdi st

e improper generatiofnsdoakbceduldéescomaeicamonmpaéct
d |l oss of gemew,attlbe &¢lhe gthr iianptaxct gy stUemmiin May
di esel engines to balance the |l oad fluctuation

hani sms to maibhbhanhnatheaergowdbéndguenbycawn be di

decrease of the grid ficeguengy, swhireld i % mai ml
r the inertia of the rotating machines cosmelr

gradient and acting in both directions. Nceiwn  g(
nor ti me | aags) ,fi wihritcuhalc ainn ebret icaoon.si der ed

ansmission system operators (TSO), e.g., in th

ion and downregul at i o dniiftfhe rae nltiinaetaer bceht avweeectd reur
on) and dbwnwaridn¢(deagedadsnDaimptFiE®kh )y mreti vated
frequency deviation.
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PLC
Local FCR  juiieii il
algorithm

setpoint |

Generator,
BESS or

Monitoring EMTP
data ;= or AGC
écility \

The frequency restoration reserve

el ect).ol Afsteer reception of the s
for FCR. The AGC aims to bring t
AGC and the distributed assets. FRR

Generator,

\ consumer /

AGC calcul ates setpoints for multiple balancing prbdheo ad
etpoint the assets wille
hereygysiemsfregquabty baami

European TSO differentiate bred swverrned acdERR) autlhhantatfi ealall ¢

reserves that might be manually controlled (mFRR) and f
Total FRR
AGC setpoint
gl Central FRR i
algorithm
' %
Individual setpoint @ W %
= o
o TTTTTTTTTmmmmTTn e [ .
: = 239
@cility | \ s 8 s 9
=3 =E
____________ Li ° 2
------ = 3
setpoint

®
©

FRR i s managed by te

can be divided irdt od

BESS or

consumer

of t hkeedroerivi ces.

Context

FCR and FRR pr owsiusalolny irneqBEiuirroepeacti ve powee. @meba% ue rernoe
submi ssion of data poientg® 690 fbe EOi pasihpomsict @nt e goeodsl ts pw

Addi tional Emergency measures will be activated in ¢@
exceeds defined thresholds. Emergency measure cam idneslcw
generators. The rules for frequency protection devicbkes

accordingly to support system frequencyeqitcgbicloinz atil o mea
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The rising number of PV power plants to be installed
frequency control as the producticbmalisnbigbl yodéperdant
decline in PV production) which may increase the i mbal
generati on, partly replacing dneseingehersaystemtwiel rabe
the synchronous inertia. To avoid reaching |l ow freqeera
Energy Regul ator#grCammédcsanboe EORE{ioonoperate the grid a
frequency value is thus of 50.15 Hz, highensfelkan the 50

The main balancing service to cope with the frequemsey
(covering FCR and FRR), which is esstumpoeteatby50whef EDN
Longoni and Badamiers. The ¢g8&n%raft otrtseiarr emd x inma le dc & pa oipf
reserve hadnodét exceeded 8 MW, bsinghdsesmand| actiaRES is0Da{(

To stabilize the frequency in the island and ease thmr
CRE | aunched a call for tender to instMvMwl MMWh battery ¢§bo
be ready to operate in October 2021. Foll owing this fiomrs
timeing. It is estimated that furghér emewe st médmats awiel If o

One of the goals when considering the frequency use ccy
services with the help of fossil SlelandoBassery &Esengy
further reduce the primary reserve provided by the ®&EDMérH
are needed to have a direct impact on reduction of CO2

Theaimm chall enges when i mplementing the frequency cont
RES to reduce the feedemedatapsaci hgt odr éosaphble d®s.pro

The use case describes the interactions between td&epma
The details of the designed balancing productsf waméwoekd
product design detail s.

For the MAESHA project, it has been decided to examine how different flexibility sources could support the frequenoymn
the island:

9 Industrial Demand Response

I ndustryds main pur po srerovisen omaheseiviesc Some indosgial assets gadddiahally able to
provide a certain help to the system operator by adjusting their internal manufacturing process and thus increase dheg
consumption for the time beingp&d shifting and help minimizing the frequency deviati®uchindustrialenergy assets usually hg
some restrictions, such as limitédrationof delivery €.g.,max 4h), poor controllability ¢.g.,ON-OFF operation)pr can provide suc
action only agcertain time of the day or yedrhereforejndustrial demand response is not consideretpbasnary source for providin
balancing servicet® the power grid, but theyay serve asecondary sourder additionalsupportwhen other servicesre already fully
activated (e.g., for emergency measures)

1 Residential Demand Response managed by a virtual power plant (VPP)

Residenti al cust omer s masyerhsarvdee € d ®xri ibllye M eoad si nshtad ntean
atcrondi tioning units and electric heating, but al so doins/
ti mes of these devices, iabhendericmagq I|hed @l i fr eegnuseunrciyn gd
characteristics of the device, the activation timee antd-d
frequency response, capscdeéyi md the bheadat dshgr @age heat s
depends upon the stored heat capacity in theusheurisl.diThhge s
activated veryoff)Jasbhut( rtehmomitre aswaditlcahbi | ity is difficult tgdg

1 Smart Charging of electric vehicles (EV) and vehicle to grid (V2G)

Smart charging of EV can be a sourceafisumptiorflexibility and theoretically be used even for balancing services. The chal

for provision of FRR by an EV are | inked to the pr eodrspetday
when EV charging can be used for load shifting. Nevertheless, the forecasting of consumption and flexibility ézsiemas a fleet ¢
EVs, as such an aggregate of a higher number of E V 6 s cted

consumption. Load reduction in EV charging can be achieved by reducing the charging @agwswitch from 3phase to Pphasg
charging) of a certain number of vehicles. Advanced fleet management might also allow downward services by increagigigg
power during the requested period. Feed of ener gy st or ed i beertihvestigiidd@sandihartpassbilit
upward regulation by EVs but comes with practical drawbacks like possible reduction of battery lifetime and the neeectiora

13 The French Energy Regulatory Commission is the organization in chamyesofing that the electricity and gas
markets in France function smoothly for the benefit of end users and in line with energy policy objectives
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inverters. Due to the nature of the fleet management and lower frequerata a@fcduisition, EV charging will be preferably applied
mFRR than for aFRR or FCR like frequency services.

9  Virtual Power Plant (VPP) aggregating RES

The variability of renewable energy sources, such as wind and solar, are causing continuous, seradyfsyiations due to thg
hard to predict shotierm dynamics and their lack of synchronous inertia to stabilize the frequency during disturbances. Low
output of PV plants (downward regulation) during high frequency periods can support &egtadilization. If PVs are operated bel
their maximal inverter power, PV plants can inject additional power into the grid with different activation times, ramgiegdonds t
minutes during low frequency periods (upward regulation). The latterredglilt in a reduction of overall generation or require
installation of PV batteries. The activation duration depends on the amount of reserve kept for upward frequency resythsctiae
result of a cosbenefit analysis, where the outcome dejseon the remuneration of the different frequency response products co
to the value of electric energy fél by PV. In the last years, much development effort has been made on virtual inertia provide|
and wind power, which might become stafehe-art within the next decades.

q Battery Enerqgy Storage System

By supplying or absorbing power in response to deviations from the nominal frequency and imbalances between supply &
the rapid response of a BESS will provide a frequency statglsrvicesThe fast response capability of BESS allows them to partig
in all kinds of frequency response (e.g., FCR, FRR) or even a fast or enhanced frequency response markets (activ#tian 5s)l
The BESS will also provide virtual inertizy modulating active power as a function of the ROCOF. The duration of the service pr|
will be determined by the SoC. BESS providing ancillary services will require an additional charge management to maitettarof
charge (SOC) within predefied limits €.g9.,30%<SOC<70%) in order to ensure the continuous availability of upward and dow
regulation ability. Load management (consumption or-iegds based on schedules and should be communicated with the SO, ¢
an intraday progra. The BESS should be able to provide multiple balancing services and perform load management in parallg

T Powerto-Hydrogen system

Proton Exchange Membrane (PE®gctrolyserdiave the capability of modifying their load rapidly witbry highrampsrates f.e.,
within seconds) and within a wide operational range upaamominal power. This flexibility can be utilized farge range ofrequency
regulation é.g.,FCR, aFR, mFRR). Despite the hydrogen storage capacity, there is no limit in the duration of the service as tk
is provided by reducing/increasing the load ofelectrolyser

These DER provide their flexibility to the SO via the FMTP, as indicat&igre27 below.

EDM SCADA

FMTP
(trading/tendering, activation, monitoring)

=R EV charging S X
5 Q
> g managmt o
) o — %)
S = platform ? | & 592
m : I (@) m S 59
Y | v ] % (O] o — %
: Resi Res. 5 <
dential Baitery[ll charging| «
DR stations
Functions

This Use Case relies on the following functions:

Asset contraction and technical preparation, inckqualification

Detection of frequency deviations

Evaluation of flexibility available from different assetsvia intermediate platforms
Contracting balancing service products

Calculation of setpoints by the AGC of the SO

Flexibility activation through the Flexibility Management and Trading Platform (FMTP)
Monitoring of service provision

Settlement process to remerateflexibility activation

=4 =4 —8 -8 -8 _a_9a_9

This Use Case supports a technolagyostic approach for provision of balancing services by central or decentralized energ
In the MAESHA project, the following technologies are aimed to be investigated in treefcihie use case demonstration.
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Investigatedtechnologyoptions for provision of balancing services

The following techology optionsto provision of balancing services are aimed to be supported by the use case:

= -4 _—48_a_-a_-9_-2

Detection of frequencgeviations, central by SO or decentral by the DER

Frequency regulation by industrial DR

Frequency regulation by residential DR via VPP

Frequency regulation by Smart charging/V2G
Frequency regulation by RES via VPP
Frequency regulation by BESS

Frequency regjation by P2H system

D

1.5 Key performance indicators

Key

Na me

perfor mance

Description

indicator s

Ref erence t
use case 0

1.6

Storage power installed in Mayotte during
MAESHA

Target: 1400 kW

Extracted from the Grant
Agreement

1.7

Storage energy capacity installed in Mayotte
during MAESHA

Target: 3000 kWh

Extracted from the Grant
Agreement

1.8

Flexibility available in Mayotte thanks to
MAESHA DR solutions

Target: 2600 kW

Extracted from the Grant
Agreement

1.9

Flexibility available in Mayotte thanks to
MAESHA DR solutions

Target: 13000 kWh

Extracted from the Grant
Agreement

1.11

Total flexibility available in Mayotte with
MAESHA solutions

Target: 4 MW

Extracted from the Grant
Agreement

1.12

Totalflexibility available in Mayotte with
MAESHA solutions

Target: 18 MWh

Extracted from the Grant
Agreement

4.2

Frequency range before and after the projec

From [49.6;50.6] to [49.8;50.3] Hz

Extracted from the Grant
Agreement

6.5

Accuracy of forecasts at@sumer, MV/LV
transformer or substation level (energy
demand, generation, flexibility)

<20% MAPE

Extracted from the Grant
Agreement

1.6 Use case conditions

Us e

case conditions

Assumpti ons

=4 =8 -8 -4 _a_9_9_-9a_-9._-29_2

=

Industrial prosumers will be interested in and capabg@fiding flexibility services to the grid

Residential prosumers will be interested in providing flexibility services to the grid

For residential DR: buildings equipped with heating boilers ec@iditioning units with adequate control systerplace
At least one battery for frequency control will be connected to the grid and to the FMTP

Batteries should react upon a control signal to change their power output
EV charging stations will be connected to the grid and operating

The output of the PVlants can be controlled

The PV plants should react upon a control signal to change their power output

EDM can update the AGC to communicate FRR setpoints to distributed assets via the FMTP
All assets providing FCR must be equipped withstiafrequency measurement devices with high precision.
Secure and reliable communication channels supporting bidirectional communication between the distributg

intermediate platforms (VPPs, EV charging management), the FMTP and the AGC
Contracts betwen the assets and EDM to ensure legal security during the test perio

(0]
=

equi sites

== —a

For Smart charging EV: EVs must be plugged to the EV charging stations to participate in frequency control

AGC, FMTP and intermediate platforms are available, functigniriggrated, and tested

D1.1
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1.7 Further information to the use case for classification/mapping

Classification informati on

Rel ation to the other use cases

Linked to AVoltage control o UC as pappeant i al conf | i

cts

w

Level of depth

High-level use case

Prioritization

Obligatory. This UC should be demonstrated underlifeatonditions

Generi c, regi onal or national rel ati on

Regional relation

Nature of the use case

Technical and business UC

Further keywords for classification

Balancing services, loailequency control, demand response, flexibility, distributed energy assets (DER)

2 Diagrams of use case

Diagram(s) of use case
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Figure 29: SGAM function layer of the frequency control use casspecific architecture
3 Technical details
3.1 Actors
Business Actor Physical or |l egal person that has his own
Operator Business Actor that operates a system
Logical Actor Technical entity that takes part in the execution of a use case. A lagicalcan be mapped to
hysical component
Business actors
SO(TSO) Business | (Transmission) System Operator Electricité de Mayotte (EDM)
Actor
Flexibility Business | Generic presentation of the energy asset capable of providing
provider Actor flexibility on request (Balancing service provider)
Residential Business | A residential party that consumes electricity (Resource Providg
prosumer Actor
Industrial Business | An industrial party that consumes electricity (Resource Provideg
prosumer Actor
Logical actors
SCADA Logical Supervisory Control and Data Acquisitiora supervisory EDM SCADA
Actor computerized system that gathers and processes data and ap
operational controls for transmission side systems used to con
dispersed assets
D11 www.maesha.eu 9 72




EDamsma

AGC Logical Automatic gain controlProcess to determine the amount of poy EDM SCADA
Actor needed to bring back the frequency to the nominal values.
Intermediate Logical Platform that aggregates flexibility energy assets (virtual powe
platform Actor plant, EV charging managemegiatform)
Smaltscale Logical This is a type of Intermediate platforms. Software platform tha Developed by Centrica
virtual power Actor aggregates the flexibility of residential prosumers and PV powg¢
plant plants
Largescale Logical This is a type of Intermediate platforms. Software platform thaf Developed by cyberGRID
virtual power Actor aggregates the flexibility of industrial energy assets and BESS|
plant
EV charging Logical A platform that manages and aggregatestiaging power of Developed by Bovlabs
management Actor multiple EV charging stations
platform
FMTP Logical Flexibility Management and Trading Platform Platform developed by
Actor CyberGRID
Assets

Distributed Asset Generic presentation of the energy asset provitliaxpility
Energy
Resource (DER)
PV power plant | Asset Renewable energy source able to provide flexibility of fimed
Battery Asset Energy storage system capable of providing different services

the grid
P2H system Asset System to convert electricity (optimally from RES) into hydroge

that can be stored to use it eventually for different purposes

(feedstock, electricity production, fuel)
Diesel generatoll Asset Synchronous generators Electricité de Mayde (EDM)

Devices

EV charging Device
station
Frequency Device Frequency meter, to measure frequency on the entire power | EDM SCADA
meter network
Local controller | Device Calibrated power meter to continuously measurettiege power | Installed at the DER and
(PLC) Active exchange with the public grid. controlled via PLC.
power meter
Public meter Device Calibrated utility meter for energy metering, providing data in t

settlement intervalg(g.,30 min)

3.2 References

Ref erences

No.|Refer Referen| Stat| | mpact Or i gin Link
type case |(organi
Refl | Operationa| Operational Final Medium ENTSOE https://eepublic
guidelines | Handbook P4Policy | e-an
1: LoadFrequency documents/ pre201
Control and e/ Operation_Hand
Performance |l . pdf
Ref-2 | Operationa| French standards High French https:// codes. dr
guidelines | about system government de %201 ' %C3 %A9ner
operation
Ref3 Role model TheHarmonized Version Medium ENTSOE https:// www. ents
Role Model 202001 -model s/ # helr enotnrbi
mo d el

4 Stepby step analysis of use case
4.1 Overview of scenarios

Scenari o conditions

No|Scenari o nanScenari o desd(Pri maiTriggerPreondit|Posbndi:t
actor |event
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Scl | Frequency reserve Calculating theamount of | SO Long term Historic data aboyRequired amount
requirements FCR and FRR needed planning electricity system|of Inertia, FCR,
(yearly activity)|mid-term FRR to be
consumption contracted and
forecasts reserved
List of planned
new DER
installations
Sc2 | Detection of the Detection of the frequency | Flexibility |Continuous  |High precision  |Frequency
frequency issues FCR deviations locally on the sitg provider activity frequency meter |deviation detecteq
of the flexibility provider on-site
Sc3 | Detection of the Detection of the frequency | SO (AGC) |Continuous  |High precision [Frequency
frequency issues FRR  |deviations centrally in the activity frequency meter |deviation detecte
SCADA by central AGC
Sc4 | Contracting balancing Contradual obligations SO Periodic tender|Prequalified DER|List of available
service products between the SO (EDM) and (yearly, available flexible capacity
the flexibility providers monthly, and price (merit
weekly and/or order)
daily)
Scb5 | Flexibility activation Activation of the flexibility | Flexibility |Frequency FCR control FCR provision by
through local controller i | providers automatically usin provider deviation algorithm DER
FCR its local controller detected ossite implemented in
on-site controller
Sc6 | Flexibility activation Activation of the flexibility |FMTP Frequency AGCOs c ofFRR provision by
through the Flexibility providers automatically usin deviation algorithmtrained [DER
Management and centralizedblatform- FMTP detected by  |with system
Trading Platform AGC characteristics
(FMTP) 7 FRR
Sc7 | Settlement process to Validation and settlement of SO Daily or Meter data Remuneration of
remunerate flexibility the activation responses monthly available ancillary service
activation provisionper DER
Sc8 | Frequency control by The process of flexibility Flexibility |Reception of |Flexibility bid Successful
flexibility provider provision by the flexibility | provider activation accepted via provision of
provider signal or FMTP flexibility service
activation
schedule
4.2 Step§ Scenarios
Scenario
Scenari o Scl-Frequency reserve requirements
St el[Event [IName of{Description of piServilnforn nfor mgRequi r ¢
No . process produgexchan(RIl Ds
(actor(l Ds)
St 1|Peri o(Define (I n a phdsee mfplmn(CREATSO ( EOEO0OD1 R-010 1
(yearlcondi ti|SO defines the f| (frequdGui del i
grid frijstrategy, i ncl [ bandwi joper at i
frequency value, emergendefine
f orperation and f threshdqg egul at
for emergency acHt
St 2|Peri o(Col |l ect|The tdatdcdescri be t|GET SO ( EOEO D2 R-0 0 2
(yearlthe pow(system model ) al (systeil( Hi st o
system measurements (1| o3 IE-0 10 3 about
events (fault st { (histotfel ectri
measur ¢ystem,
IEFO0 4 (land fr g
stati st
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D74



O

St 3|Peri o(Mi-derm [The SO ge#ierant @an|CREATSO ( ELOEODS5 R-0 10 3
(yearll omgrmifterm forecasts of (mitéeér m|(Li st
forecas|jconsumption and ( | ohg@r mpl anne
f orecafdER
i nstall
St 4/Peri o(Define |[The SO identifie{CREATSO ( ELEODG6 IE-0 1 E-0 2
(yearlscenarif(e.gearly peak 1| o (desi gilE-03E04
parts of the gri scenarilEEFO5 r e
design scenarios
possible critical
St 5/Perio{Cal cul alEDM assesses the|CREATSO ( EOEOD7 IE-01 EO
(yearlrequirel( FCR, FRR bal anci (requi it
amount |to perfof meghent: amount
fl extbilof the Mayotte p¢ bal anci
bal anci reser v¢
reserve
on the
FRR
St 6|Step Define |[Based on the req(CREATSO ( EOEODS8 IE-0 10 7
finislbalanci|fl exibility the | (defini
servicelbal ancing producHt bal anci
product producHt
requi r ¢
Scenario Sc2Detection of the frequency issuek Frequency containment reserve (FR)
St elEvent Name of |[Description of pgServilnforngnfornRequir ¢
No . process/ produdexchanRIl Ds
(actorl( | Ds)
St 1|Peri od|Measure |[Energy assets (dCREATFrequgE0D1 RODI1
(inter|network [capabl e of provi meter |( Netwog(frequgd
1 s of|frequencequipped with arn frequemet esi g
met ecronttoi nuously
frequency of thg
connect i-toinmei n r €
St 2[New Submit t{The measured fr gGET FrequgEOD1 ROD2 -(
frequemeasuredsent to the | oc#dg met er site PI
measur|frequencreceiving freq.-
avail all ocaintr dti me
St 3]lWhen f|Cal cul at|]An algorithm on |[CREATPLC IEEO D2 |[ROD2
measur|frequencthe measured fr ¢ (frequ
s arrijdeviatio|target value and devi at
| ocal deviation
contro
Scenario Sc3Detection of the frequency issuek Frequency restorationreserve (FRR)
St el[Event Name oflDescription of pr|ServilnforngnfornRequir ¢
No . proces produdexchanRl Ds
ty (actor( !l Ds)
St 1|{Conti n|Measur |An accur aftreed cemdYCREATFrequegE0®D1 ROD1
frequel|l ocated in aemgj o meter |((gridijcentr i
LongBadami enre;asur e frequefrequel
frequency oft itnnee met er)
St 2[Conti nlReceiv|The measured freq|GET FrequgEO0O®D1 ROD2
frequel|the AGC embedded met er ( AGC)
measur
St 3]Freque|lMeasur|The frequency mealREPOKRCADA EEO®1 ROD3
measur|frequelpersisted and ava (dat a ¢
receiv|stored|for | ater anal ysi
AGC avail al]AGC is embedded)
proces/measurements in a
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St 4fFreque|Cal cul [Calculate the di f|[CREATAGC IEEO D2 |[ROPD2
measur|frequefcurrent measured (frequ
receivedeviat|define nominal e(4g devi at
AGC 50 Hz)

St 5/Freque|Cal cul |[Based on the actul|CHANCAGC IEEO0 D3 |ROD4
deviatinew FRjand its change 1in|E (updat|( P-cont
cal cul|setpoijalgorithm calcul a FRR al gor i f

setpoint setpoi

Scennaime Sc4-Contracting balancing service products

St elEvent [Name o|Description of prServiJlnformationlnfornRequir(

No . proces producer [excharRI Ds

acti vi (actor) (I Ds)

St |After |[Publis{The SO publishes |CREATEHSO(EDM) [[E-O4D 1 |E-O0 1 8
definijtechni|describing the ba (bal an
of teqmarket|technical and adm ser vi g
requi (for balrequirements and rul es)
ments|servic

S2 |After |(flexib|(Barty) flexibil i|EXEUT IFlexibility [[EEO€ 2 [-EO D 1
recepiprovid|iful fil the SOb6s r provider ( Reque
bal an(prepar|participation via preqyeg
servi(particlaggregation via a cati on
rul esl]in balj|(e.gnalyse availab DER)

serviclidentify suitable
product s, fulfil
Findalhley fl exibilit
aggregator reques
of the DER (i f di
FMTP) .

S3 |After |[Aggreg|Aggregators prepalEXECUIAggregator |[E-O0 D 3 [[EE0D1
recepliprepari|servi ce iprpdwineindrn ( Requeg
tendeilparticftechnical require preqyeg
annoyultin bal|jcontracts with fI cati orn
me nt servic|Finally, the agagr pl at f g

prequalification
platform

S4 |SO Prequa|The SO and fl exi b|EXECUISO IE-O D 4 |IE-OD2
recei yfl exi blaggregator if inv (confijorE0lD 3
requefyprovid|{of tests to confi tion-g
prequ administrative ca qual if
tion (amd eirmedi ate pl a

provide the balan
to the SO6s requi
finalized by issu
prequalification

S5 [(Perio ublis|{The SO details th|CREATESO(EDM) [[EEOHD5 |IE-01 8
(yearltender|products and star (rul es
mont hlbal anc|land informs all/l p sched}(
weekl| yservic|providers about t bal anc
dai ly ser vi g

tender

Sé Step Submit|The prequalified C R E AT Kflexibility IEFOD 6 |[E-O D5,
finalibal anc|forecast the avai provideror |( bal arnR04 1

servic|tendered balancin aggregator s er vi ¢( pr equa
calculate the cos documegf | exi bi
Then the most sui provi dg
products are iden
service bidwsi arfkM]

ST |SO Contral|Th SO selects th|EXECUISO(EDM) |[EEOD 7 |IE-O D 6
receiybal anc|for flexibility s (bal arrecei v ¢
bid f(servic|to the tendering serviog
bal an flexibility provi accept
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servi rejection of thei
provi acceptance of a b
equintalteo a | egal
and flexibility p
Scenari o Sc5 Flexibility activation through local controller - FCR

St el[Event Name o|Description of pServiJInfornlnfornRequir«

No . proctes producexcharRIl Ds

activi (actor(1l Ds)

Si1 |Recepti|lEnabl elThe FCR functi ofCREATEHPLC IEEO® 1 (E0D7
FCR bidlservic|via the PLC of t (FCR (accept
accepta ti mespan defined provi ghbi d)

FCR bid. enabl g
S2 |[FCR pro|Calcul|The PLC calcul atfCREATEHPLC IE-O 2 |[E-0D 2
enabl edlFCR seldepending on the (FCR |(frequg¢
(calcubatedand i set poidevi at i
see scenario 2) R0 ®1
defined d.ygtlhien €& (P(Df)
cur verfR Df) char act
i mpl e m¢

S3 |[FCR set|Foll owThe DER adapts t/EXECUTJDER IE-0® 2 ROB®2
calcul alFCR selfeed (o0or consumg (FCR |(( DER
(contin to the FCR setpo set poijoper ati
e. . s required FAT.
interva

S4 |Continu|Send As |l ong as the HCREATIHPLC(DER)|E-O®D 3 |RO®3
e. . s monitolis enabled (ti me FCR ( ¢ 0 micautl
intervaldata t|FCR bid), t he PL moni t danchann g

data to the FMTH dat a bet we el

forwarded to the and FM]
R-0 8 5
active
met eqfs i |

S5 |[ContinulValida|l|The AGC recei vesCREATEHAGC IEE0O D4 RO®D4

provisimonitoring data FCR (al gor i
measurements wit validgval i dat
behaviour. reportperfor|

S6é FCR matl{l nformThe SO informs tREPORTISO IE-0 0 4
mance d{fl exi blprovider aba@uet-ft FCR

providimance and orders validg
about correcti onouorf t N report
p e rnfaonrc

ST |[FCR vallRemedy|The fl exibility |[EXECUTfflexibilty |[IE-O® 4

report |mal per|DER contr ol al ggd provider FCR
mance |remedy the FCR n validgeg
to provide BbeokF report
to technical Spe€
Scenari o Sc6Flexibility activation through the Flexibility Management and Trading Platform - FRR

St el[Event Name (Description of prServiJInfornInfornRequir(

No . proce: producexcharRIl Ds

acti vi (actor(!l Ds)

Si1 |Recept|Enabl The FRR functi ona|CREAT HntermediatglE-0 € 1 |[I[E-0 D 7
FRR bi|FRR intermediate pl at platform, |( FRR (accept
accept|servi(the DER during th PLC provisgbhid)

the accepted FRR enabl g
waiting to receiyv
from the FMTP or

S2 New FR|Di spaiThe new FRR setpo|CREATHEAGC IEEO® 2 RO®1
setpoifbal an{(bet ween centr al b (setpqd( di spat
avail alassetdjengines operated centragal gor it
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distributed bal an bal ang

operated by third asset s
IE-0 & 3
(setpgd
DER)

S3a|Centr alRecei yCentr al bal anci ng|GET CentrgEO08®2 ROE2
assetsinew FISO) receive their bal ang (centr g
setpoiljsetpol asset bal anci
update engi ne avail al

S3b|Decent|Recei y\The updated FRR s|GET FMTP IEEO 3 [RO®3
assetsinew Flthe FMTP platform ( FMTP
setpoilsetpoli avail al
updat e R-0 & 7

(comm.
channel
bet weer
and FM]

S4 |FMTP FMTP [The FMTP distri bu|EXECUIFMTP IE-O® 4 |ROE 3
receiv|di spalisetpoint between (acti W FMTP
new FRjcontrgflexibility provi requesgavail at
setpoifflexilintermediate pl at R-0 & 6

provi(predefinerdatral e@rs ( ¢ 0 mnauty

merit order), and nchanne

requests (direamt bet weeri
schedul e) . and

i nteedim

pl atfo

| arge [

S5 Intertm|l nter-IThe i nter mediaagtge e|E XE CU JintermediatglE-O & 5 |R-0 & 4
pl atfolte plithe received acti platform (indiJ DER
receiv|di striforwards the setp set poilavail al
activalacti v{DER, which previo RO & 5
requesi|requegdavailability. ( ¢ 0 mnaut

nchanne
bet weei
and nment
di at e

Sé& |[DER r e|FRR The DER changes i |[EXECUIDER IE-O®5 RO 4
the ac|provijconsumption aeceft ( DER
reques|by DE|lsetpoint within t avail al

see scenario 8).

ST |[Contin|Send As |l ong as the FR|CREATHLC((DER)|E-OB®O 6 RO5
(e. gn, 2lmoni tdqenabl ed (ti mespan (indi yROB®S5
intervidata tbid), the DER sen FRR mqd( act i v g

interithe intermediate t ori ngnet ess|
te pl ¢

S8 |[Contin|Send The intermedi ate |CREAT Hintermediatg§lE-0 @ 7 |R-0 & 6
(e. gn, 2lmoni t {moni toring data f platform (aggr g commali
intervijdata {and aggregates th FRR nchanne

AGC aggregated values monitdhet wee
Al ternatively, | a data) land
monitoring darthVaP,d i nteadimy
without aggregati pl at f ol
platform. | arge [

S9al|Contin|Vali dgThe FMTP receives|CREATHMTP IEEO 8 [RO@S8

FRR data and compares FRR (al gori
provijywith the expected validgvalidat
reportperfor
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S9biYear |l y|Validgln cases,oft hdeousht c|EXE CUISO IEEO 8 [RO&9
FRR monitoring data w FRR (meter
provi yreadings. validg

report

S10|FRR InforiThe SO idfffexmbit h|REPORTISO IE-0 & 8

mal per|fl exi labout the FRR mal FRR
mance |provi(orders i mmediate valide
detect|labout |behaviour. report
mal peil
mance
S11|FRR RemedyThe flexibility p|EXECUIJFlexibiity |[IE-O & 8
val i dalFRR conafglbrithms in provider FRR
reportimal peflFRR mal perfor manc validg
receivimance |[FRR service accor report
speci fications
;‘/4};;\____'” 0607, IE-04-05—__ % :::
N e '"--05-07,;_04_%‘_‘1_ 1E-06-04, 1 05 53—
E Je'.ag.ml e Iﬁ 3
.;T:‘.,Z.‘:;i ﬁ‘é" :;: 2 po X
é"“b—,\‘v ¥ ES e {/ 5. 'f‘U
/ \Q,G:; édc:g%o@;@ﬁ' I_E g “a o é‘-q:;?\s% i 0{ é
PP P 9.0
J £ Il
=l =3 g & % s v g
I $ g
05, /
:-:.T‘ e ’D[ 1 1 | E
5-::"' o - Fm— Lg* Vl;m:m:h v* Lol batery %
Generation | Transmission Distribution DER CustomerPremises
A
DISCERN\"\.
Scenari g ScT-Settlement process to remunerate flexibility activation
St e Even Name (Description of Ser vi Information I nformgRequi r
No . process producer |ex c hang ¢ Rl Ds
(actor)

St |[Daily|Process{ln the mornin|EXECUI]|SO(EDM) |[EO04D7 IE-0 & 8

monitorjenergy activa (bal anciFRR val
previous day bid accefreport
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individually IE-0 & 7 IE-0 B 4
service contr (monitorfFCR val
report

S2 |After |[Account|{The activated|CREATEHSO(EDM) |[E-O0D1 IE-0 D 7
compl {bal ancifjresecapacity ( (daily bl bal anc
previ(servicelthe aggregato service |[servVvi c{
step provisijprovider) is accountijaccept {

accepted bid
by flexibilit
S3 [Mont hlRemuner|The daily rem/EXECUISO((EDM) |[[E-07 2 IE-0 0 1
of fl exlbalancing ser (monthly
servicelsummari zed f o bal ancin
provisiimonth and rem accouarnd
flexibility p remuner a
report)
Scenari o Sc8Frequency control by flexibility provider
St e[Event [Name ofbescription of plfServi|l nfor mjl nformiRequir {
No . pPproces:s producégexchan(-l Ds
(actor )(I Ds)

StL  [Daily Forecast The flexibility provider forecasts thel CREATE [Flexibility IE-08-01 R-08-01
flexible amount and costs of the balancing provider (forecast of |(Operational
capacity for [service provision for the next tendel (DER) flexible forecast of
upcoming period. capacity and |[DER)
tender period costs)

S2  |Previous step|Aggregator [The aggregator receives the flexiblfCREATE |Aggregator [[E-08-02 IE-08-01,

finalized receives capacity & cost forecasts of all (intermediary |(flexibility R-06-05
flexibility contractedlexibility providers (DERS platform) merit order) [(communi@tio
forecast and creates a merit order of flexibilif n channel

between DER
and inteme-
diate platform)

St3  |Previous step [Participation ifThe aggregator participates in the |CREATE |Aggregator [[E-04-06
finalized balancing balancing service tender, creates bi (balancing

service tenderfand submits the bids to the FMTP. service bid
(See scenario 4) document)

St4  |Bid acceptangFlexibility The aggregator informs the conneciCREATE |Aggregator  [IE-08-02 R-06-05
message reservation |DER about required flexibility (Flexibility  [(communiatio
received request reservation for the next product peri reservation |nchannel

and the conditions for balancing request) between DER
service provision. and inteme-
diate platform)

St [Flexibility Flexibility The DER reserves the requested [EXECUTEAggregator |[IE-08-02
reservation [reservation [flexibility for the productperiod.
request
received

St6  |Continuously [Reattime The DER calculates the actual CREATE |PLC (DER) |I[E-08-03 R-06-05
flexibility flexibility bandwidth in real time and| (actual (communi@tio
calculation  [reports the values to the intermedia flexibility of  |n channel

platform. DER) between DER
and inteme-
diate platform)

St7 |Continuously [Listen to The PLC receives a setpoint to starlGET Intermediary |[IE-06-05
incoming activation platform (individual
setpoints setpoints)

St3  |Activation Start activatiolAfter receiving a new setpoint (see EXECUTEPLC (DER) |IE-06-05

setpoint program (see scenario 6), the PLC of the DE

received by initiates the activation program (ran

DER up) in order to meet the setpoint

received from the intermediary
platformwithin the FAT.

St9  |Continuously [Listen to The PLC receives a new setpoint toGET Intermediary |IE-06-05
incoming change the power of an activation. platform
setpoints
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St10  |[New activatioriChange The PLC of the DER updates the [EXECUTHPLC (DER) [IE-06-05
setpoint activetion activation program (rampp) in order|
received by |program to meet the new setpoint within the
DER FAT.

Stl1l |Continuously [Listen to The PLC receives a setpoint of 0 M|GET Intermediary |[IE-06-05

incoming to end theongoing activation. platform
setpoints

Stl2 |Activation endEnd activationThe PLC of the DER initiates the eNEXECUTEPLC (DER) [[E-06-05
received by |program. activation program (ramgown) in
DER orderand the balancing energy

provision within the FAT.

Stl3 |Continuously |[Send The DER processes the actual CREATE |PLC (DER) |IE-06-06 R-05-05
(e.g..2s monitoring  |measurements and sends the requi (individual active power
interval) data monitoring data to the intermediary FRR moni  |meter (onrsite)

platform. toring data

5 Information exchanged

I nformati on exchanged

I nform Name o Description of informatiofRequir

exchan i nfor ma R-I Ds

[E-0 0 1 frequencyPredefined bandwidth of all owed syg

wi dth andgand thresholds for initiating emerd
g e ntcltyr es h

IE-O0 10 2 System mdModel of the power system supporti

IE-O 10 3 historic |Hitsoric timeseries of measured gene

measur eme

IE-O0 10 4 Fault stgStatistics of faults in the power ¢

di mensioning
IE-0 0 5 ConsumptiMiderm (ti meseries) of the total C
forecast g

IE-0 0 6 Design sdExpected criet.igealr | syi tpweatki dmsad(, sep

etc.) relevant for balancing reser\y

IE-0 10 7 Required|Requnumbdr bal ancing reserves to en

bal ancindgsysteng97® reliability)

IE-0 0 8 Bal ancingDefinition of bal ancicnogmpprriosdiuncgt:s arn

and requijproducts (duration, min. bid size,

IE-0 D1 Net wor flAct ual measurements of Bétwombly MDERC

IE-0 D 2 FrequencyActual frequency-sdéei ati OERdet ect e

deviati or

IE-0 D1 Grid FredqActual measurements of grid freque

IE-0 3 2 FrequencyActual frequency deviation detected

deviati orn

IE-0 D 3 Updated HActual FRR setpoint calsceltat @arhby cA

setpoint service provision
IE-0 D1 Bal ancingThe document describing the rules f
rul es technical and administrative requir
prequabnf pcatedur e

IE-0 9 2 Request flThe flexibility provider (DER oper g
preqouati dbal ancing service participation.
DER

IE-0 D 3 Request flThe aggregateompl @itdtoe mmedgpieatat or) ap
preqoaati gt he bal ancing service participation
pl atform

IE-0 D 4 Conftiirona [The SO confirms the successful pred

prqanal i fi lmay need tafberraenewerdiry period.
D1.1 www.maesha.eu
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IE-O D 5 Rul es andgThe SO publishes the rules and schg
schedul edqdescription of tendered balancing g
bal anci ng
tender

IE-0 D 6 Bal ancingThe aggregator or flexibility provi
biddlocumen|iservices by submitting one or multi

date, timespan, product | D, power,

IE-0 4 7 Bal ancingThe SO informs the bidders about agd
bid accefgthe tender

IE-0 1 FCR proviThe (PLC of the) DER enabled the F(
enabl ed frequencyg. deviation

IE-0 B) 2 FCR setpdFCR setpoinsidtceal byl £tL&€d (DER)

IE-0 8 3 FCR moni tfThe FCR monitoring data includes | ¢
dat a calcul ated setpoint, actuali nE@RrRvm@rd

2s) .

IE-0 B 4 FCR validqThe FCR wvalidation report summari z¢
report flexibility provider.

IE-O & 1 FRR proviThe (PLC of the) fhEBERtdmamlled yt haen dF (
enabl ed incoming setpoints.

IE-0 & 2 FRR setpdFRR setpoints for central bal anci ng
centr al ¢
assets

IE-0 & 3 FRR setpdFRR setpoints faosrs ectesn t(rcaoln tbraollal necdi nbg
DER

IE-0 & 4 FRR Acti VFRR setpoints fofpDERy (fcloaxir ki ll ietdy K
requests

IE-O @ 5 I ndividuglndividual FRR setpoints for DER c(
setpoint g

IE-O 8 6 I ndi vidugMoni toring data of indi vidual DER,
monitorirnDatapoints: active power, baseline,

IE-0 & 7 Aggregat g§Aggregated monitoring data of a pog
monitorirnplatform), which is sent to the FMI

Datapoints: active power, baseline,

IE-O0 @ 8 FRR validqThe FCR validatizes tapoguasummanof ¥
report flexibility provider.

IE-0 0 1 Daily ballAccounting of provided balancing ern
service gservice bid document), created on

IE-0 0 2 Mont hl'y HMont hl yDaiulny ofbal ancing service acco
service gremuneration of the flexibility prad
and r emur
report

IE-0 8 1 Forecast |[The forfdeadsthlef capacity and costs
capacity |upcoming product duration, that is

IE-0 8 2 Fl exibiliThe flexibility merit order sorts t
order costs (fromstchexperssi ¥t ®) mo

IE-0 8 3 Actual fllThe actual flexibility bandwidth of
DER

6 Requirements (optional)

Requirements (optional)

Requir Requi r ement Requirement description

R-1 D
D11
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R0 1 Guidelines fqThe document describes the technical
operation operation of an electricity system.
R-0 0 2 Hi storic datgHi storic system configuration and ti
system, |l oad|generation and system frequency
R-0 10 3 List of planngfA |listing of all new DER (incl No mi
install ationgcharacteristics) that have expressed
R0 D1 FrequencysineA high precision frequency meter ins
R-0 D 2 Onsite PLC A PLC to control the operation of th
R0 D1 Centtralguency|A high precision frequency meter ins
substation
R-0 3 2 AGC A system for automatic generation co
R-0 D 3 Data storage|Performant storage of all incoming m
R-0 D 4 Pf-contr ol al gLodd eqiwceomay ol algorithm
RO D1 Prequalified|A flexibility provider (DER and/ or i
providers prequalification procedure with the
RO®1 PDf gharacteri|An al gorithm cdeefgi.ndd emer e, vIEOTH | e me |
i mpl ement ed PLC
R-0 8 2 DER operativdgA DER is available for balancing ser
R-0 8 3 CommunicatiofHi ghly reliable and available commun
bet ween PLC 3
R-0 0 4 Al gorithm to|An algorithm to automatically compar
performance expected tolerance bandwidth
R-0 5 Actpower meit8B8A high precision active power meter
R-0 & 1 Di spatching qgFRR dispatching algorithm i mplemente
R-0 @ 2 Central bal afThe centr al bal anci nigs aasvseeitl, a bolpee rfactre
availabl e
R-0 @ 3 FMTP avail abllThe FMTP is operative.
R-0 & 4 DER avail abl gThe DER is operative and availabl e f
R-0 & 5 Communi cati onfHi ghl y croemmuablceati on channel
bet ween DER 34
di ate platfor
R-0 & 6 CommunicationfnHi ghly reliable communication channe
bet ween FMTP
i nteedimalteet f or
|l arge DER
R-0 & 7 Comm. channelHighly reliable comm@awmni cation channe
AGC and FMTP
R-0 & 8 Al gorithm to|An algorithm to automatically compar
performance expected tolerance bandwidth
R-06-09 Met er dat a Met ering data from the calibrated pu
R-08-01 Operational fA forecast of the ner malkt kepesathicedn!| e
7 Common terms and definitions
Common terms and definitions
Ter m Definition
aFRR Automatic Frequency Restoration Reserve
AGC Aut omatic Generation Control
D1.1 www.maesha.eu
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BESS Battery Energy Storage System
CcCO2 Carbon Dioxide
CRE Commi s sR®@gnu ldaet i lothEner gi e
DER Distributed Energy Resources
DR Demand Response
EDM Electricit® de Mayotte
ENT SEO European Neawsmks ®ifon System Operators
EU European Uni on
EV El ectric Vehicle
EVSE El ectric Vehicle Supply Equi pment
FAT Full Activation Ti me
FCR Frequency Containment Reserve
FC® Frequency Containment Reserve for Disturbances
F CHR Fr eqguConnctyai nment Reserve for Normal Operation
FMTP Fl exibility Management and Trading Platform
FRR Frequency Restoration Reserve
mF RR Manual Frequency Restoration Reserve
P2H Powe#lydr ogen
P2H2P Powe#dly dr e gPeonwe r
PEM Proton BMembamage
PLC Power | ocal controller
PV Photovoltaic
RES Renewabl e Energy Sources
ROCOF Rate of Change of Frequency
SCADA Supervisory Control and Data Acquisition
SO System Operator
SoC State of Charge
TSO Transmission System Operator
uc Us@ase
V2G Ve hitc@rei d
VPP Virtual Power Pl ant
D1.1 www.maesha.eu
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Voltage control

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

Use case identifi

cation

Area/ Domai n/ Zone/(

Na me

of the

ucs3 Ar ea: Energy system,
Domabinstri buti on, DER,

Zones: Operation

Vol t age
C

control

1.2 Version management

Ver si on

Ver s Dat e Name of

No .

a Changes

management

Approval st

20/ 07/ 202]1Marjol a
(Trialo

e |[Initial creatio

Draft

06/ 08/ 202J1Evelyn
(Centri

I[lUpdat e

Draft

28/ 09/ 202J1Evelyn Finalizati

(Centri
Farr® (

on

Fi rweelr si on

1.3 Scope and objective of use case

Scope and

objectives

of the use cas

The
to

this wuse
vol tage

of
t he

Scope scope

ensur e

case
stabi

ne t h
powe

e x ami
t he

is t
ity

o}
of

Objective(s)|The main objective of this
control.Veletraage esontr ol ser vi
their values to the nor mal

invest meohsiaall tosses.

uséeheassl aadsoby
ces aint wdnkse e
range after gr

Rel ated busi

1.4 Narrative of use case

Narrative of use

case

Short description

case will focus on voltage control using static voltage control curves.

The voltage control use case aims at using new flexibility assets, such as battery energy storage systems, renewatileak
power plants, poweto-hydrogenfacilities or demand response, to support system operators in improving the voléitge phis use

Complete description

power or supply by local renewable energy production @itsese locations.

as largedisturbance voltage stability and smdisturbance voltage stability:
1

point.

and supply, e.g., initiated hiie variability of load and renewable energy sources.

Voltage stability is a responsibility of the system operator to ensure the secure and reliable operation of the povildresysteags
level at all points of delivery should be equal to 230 V for sipiiase power and at 400 V for thiglegase power itow voltage grid an
equal to 20 kV in medium voltage grid, with a margin of acceptabilityl®Pp, +10%], both in steaetate and transient conditions (
[10]). Typical voltage issues experienced by system operators are voltage drops or rises at the end of feeders, caused bg fag

On top of changes in voltage magnitudes, voltage should remain stable at all times, even during large and small diderbay
To ensure largéisturbance voltagstability, system operators need to ensure that voltage levels remain within limits e
generator or a transmission line goes out of service. The outage of a transmission line or genera@vasation in thg
system reactance, which lowers tludtage generation characteristic, resulting in a lower voltage or possibly unstable of

Smalkdisturbance voltage stability focuses on the continuous small changes in the system due to imbalances betw¢
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1  Ontop of the system and operational planning procedures for large and small disturbances, power systems should fz:
defence facilities in place to prevent voltage collapse following extdésherbances, but these are out of scope of this use

The voltage stability also strongly depends upon the demand characteristics. If the active power load is steadily itie
reactive power supply curve, which expresses the reactive popmy s a function of the voltage, decreases. An increase of the r¢
power load, which may go with the increase of the active power load, will raise the reactive power load curve. As a centie
stable operating point moves towards smalletaga levels and the steady increase of the load may ultimately result in a voltage ¢
when the demand for reactive power becomes larger than the supply. This process has been illjdtthtddbieover, the voltag
stability depends upon the voltage control capabilities of the generators.

Some specific voltage issukave already been identified by thestem operator in Mayotte:

1 Some consumers located at the end of long feeders (e.g., the one supplying the south of the island) are complaining
working induction cookers because of low voltage level. EDM is thus assuming some voltage drops along its lines.

1  The undergroundig of overhead cables currently performed by EDM leads to an increase in reactive power levels in t
and may cause transient overvoltage and resonant behaviour due to the energization or switching of transformers in

Atoo high voltagédevel can be observed on high voltage lines between April and October, when the demand ésdahigh
voltage lines sometimes reach 94kV instead of 90RYis case is more difficult to treat for EDM because there is less n|
for compensation.

To ensure voltage stability, system operators need to ensure during the network planning stage that reliability seatesfiz@rfer
all possible N1 contingencies, i.e., that the maximum allowable voltage drops or rises are not exceatatthadtability margins fq
real and reactive power are large enough for each composite load and load area. To ensure this, system operators @hthe
capabilities of individual assets as represented-r@nges, such as the exampldé-igure31L.

U-Q/P,,,-profile of a synchronous power-generating module

Vipu
Fixed Outer Envelope
1,100 +
— — — — — — — — — —
|-Inm'r Envelope I
1,050 4 |
q |
| Voltage Range I
L1000 4
| I“ Q[Pysx Range ,I
950 4 : I
000 4 |——————————J
Q.'F\:n
B850 r r
= = o o = =3 o = =1 = = = o =)
= =] = =] = =] = =] =] =] =3 (= = =]
3 e - - ~ = S - &~ - - r D ;
| I I
Consumption {lead) Production {lag)

During operational planning and re&he monitoring and control, the system operator sheolgtinuously maintain a desir
vol tage profile. Currently, EDM6s controls the vol t agpion
devices, such as capacitor banks, mammal automatidap-changing of transformers and caitof the available Diesel generat
(Longoni and Badamiers). An adequate reserve of real and reactive power should be maintained at the generators. Reseoun
of power by which generators in operation can be additionally loaded without exgéeel reactive power capability curiéote thaf
voltage control can be performed through active and reactive power control. However, active power control is relatigthieo ¢asty
and efforts than reactive power controt Active power is also &nsively used in other use cases, reactive power reserve is parti
important from a voltage stability perspective. This reactive power reserve can be activated to quickly deal with poeactileficit
when voltagedeviations are detected. The amount of reactive power to be supplied by a particular asset depends upon t
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architecture in place, i.e., based on a voltage setpoint, possibly combined with a voltage droop curve to adequatelyaidamamrien;j
a reactie power setpoint or a power factor setpoint. The setpoints can be static or may change dynamically over time but s
satisfy the assetods capabilities Rgure3lpmweiAf éxanple of statid vbltage dra
curve is available ifrigure32 below.

Qv (Vreg)
th’.l

' de

Qmin

V!ow detow de high Vh:’gh

Voltage control has specific characteristics, which strongly determine the suitability of acquiring mechanisms to appbjtagt
control setting. First of all, voltage control should resdbel issues, i.e., in contrast to frequency control, the location of the as
more important and assatennectecdlose to the need should be used. Given the small number of assets combined with the
flexibility assets are restricted to specifications for a particular need, thearket liquidity is low and the efficiency of markdtased
mechanisms may not be guaranteed. Alternatively, bilateral contracts or obligation may be possible acquiring solutidinkset
considered. Second, itlgrd to predict long in advance the location and extent of the voltage issugnless it depends on structy
deficits or known (periodic) behaviour of generation or demand. Third, the effectiveness of the voltage controldegeias upor|
the visibility of the system operator Currently Electricitéde Mayotte (EDM) onljhas access to retiine voltage measuremerds the
three HV/MV substations in the system.

In MAESHA, the voltage control use case aims at using new flexibilittsassgch as battery energy storage systems, rene
energy virtual power plants, powt-hydrogen system or demand response, to support system operators in improving the voltag
This use case will exclusively focus on reactive power contrakener, please note that active power contisla measure of last res
is still feasibleusing the mechanisms introducedthg next use s (see sectioh.1.3.1 n t he pil ot test,
system will be chosen with specific voltage issues where flexibility from the aforementioned assets will be used toBMpipott et
voltage control. The voltage control use case focuses initially on voltage control using static voltage control curvesg djiviigo
visibility of the system operator in its system that block the case for a more complex dynamic approach at this stage.

Within MAESHA, it has been decided to examine how different flexibility sources could support the voltage control ofdhe

 Renewable Energy Virtual Power Plant
Adequate control of the AC/DC invers of PV plants offers the possibility tontrol the reactive power and voltage in the sys

{ Battery Energy Storage System

Battery Energy Storage System (BESS)s are devices able to store and manage electric energy. The main subsystemsya
Management System (BMS), converter, auxflisystems and main control system. Amongst other capabilities, BESS can perform
support to the bus it is connected by delivering a variable amount of active and reactive power according to the aathirts afgihe
BESS control system. The pomaispatch is managed bygtiadrant power electronics (BESS converter).

1 Powerto-Hydrogen system

Power to hydrogen systems are plants that convert electricity into hydrogen than can be stored and subsequentlieatisteck;
fuel or to produce electricity in a fuel cellhe flexible operating capabilities of the electrolyser can contribute to reduce the
fluctuations at the point of interconnection.

1 Industrial and Residential Demand Response

Buildings equipped with invest-interfaced demand generation€.g.,PV installation, heat pumps, electric boilers) can partici
in voltage control services through the reactive power control of those assets. Haggverpower control of those assets is n
effective in the framework odther grid servicese(g., minimization of the consumption peak use case) and we might not be
demonstrate this solution in MAESHA.

This Use Case relies on the following functions:

1 Determination of static voltage control curves by the systesredqr for assets capable of reactive power control/voltage st
based on assetébés capability curves and the capab aphcit
banks or voltage support of Diesel generators)
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Local voltage and power measurements
Control logic: determination of reactive power setpoiotfollow according to local voltage and power measurements ang
voltage control curve of the asset
1 Validation process

= —A

1.5 Key performance indicators

Key performance indicators
I D Name Description Ref erence t
uscase 0bj
KP6. 4Li kel i hood of predidTarget: >90% Extracted f
(vol t agd/oppowermi t vi Agreement
KP6. g0Over all effectivenegTarget: >50% Extracted f
kWh foirawesSiGded curt a Agreement

1.6 Use case conditions

Use case conditions

Assumptions

T Assuming industrial pposumersgwfl éxbkiintegrestedces

T Assuming residenti al prosumers wil/| be interested i

T Assuming those prosumerea-i wiedf dee de qdié ppred i awrs t dae i earv e
adequate control f%r reactive power control

T Assuming PV producers wil/l be interested in providi

T Assuming that gateways for | ocal |l ogic, control set
with e nwemttr ol s

T Assuming the battery for voltage control wild.l be co

T Locvadl t age measurements and current meadsourme mean ticsown(eprd
be available to infern otnhter olloc al |l ogic and invert

Prerequisites

1.7 Further information to the use case falassification/mapping
Classification information

Rel ation to the other use cases

Level of depth
Hi dhrevel

Prioritization

Generic, regional or national rel ation

Generic

Nature of the use case

Further keywords for classification

Fl exibility, Voltage control

1.8 General remarks

Gener al remar ks

15 please note that the control of the ingewill be detailed in task 5.&Technologies to increase grid inertia and improve
power quality
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2 Diagrams of use case

Di agram(s) of use case
o m
=
Bl
Voltage . Has one
stability © objective e
e
=]
uni
es
es ang
Casuremenzs Asset pperators
L
&
=]
=]
BESS & @ @ Residential consumers [
B
|
PV plant Industrial consumers I
P2H system
Generation Transmission Distribution DER CustomerPremises
"~ S
mscsnu’,‘\
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-
El
o B
e S
o
Calculation of static voltage B
droop curves based on asset’s il
capabilities curves
=
Bl
=
Internal control logic: calculation of reactive power setpoints
&7 L éﬁg & & ég
' E@ i o Commumcatlon of valtage and power measurements to SO 3
=1
® T o} 5
\‘ Control response
&
‘ U= Data collection
O—{ == D I
s Substaticn M Substation MVALY LQ* % * v EZ.___ __.[.?,], é
Generation Transmission Distribution DER CustomerPremises
= A
> DlscsRN',l\
The functions supportimgeltori s use case are displayed in
3 Technical details
3.1 Actors
Actors
Grouping Group Description
Business Actor Physical or |l egal person that has his own
Operator Business Actor that operates a system
Logical Actor Technical entity that takes part in the execution of a use case. A lagicalcan be mapped to
physical component
Actor name | Actor type Actor description Further information specific
to this use case
(D)SO System Operator of the Distribution Systern this case also the operato| Electricité de Mayotte (EDM)
Operator of the entire system on tligland.
SCADA Logical Supervisory Control and Data Acquisitidra supervisory EDM SCADA
Actor computerized system that gathers and processes data and ap
operational controls for transmission side systems used to con
dispersed assets
Residential Business A residential party that consumes electricity
prosumer Actor
Industrial Business An industrial party that consumes electricity
prosumer Actor
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RESgenerator| Logical Small units whictgenerateslectricity from renewable sources
Actor (e.g.,solar) and which is connected to the distribution grid
Battery Logical Energy storage system capable of providing different services
Actor the grid
P2H system | Logical System to convert electricity (optimally from RES) into hydroge
Actor that can be stored to usesitentually for different purposes
(feedstock, electricity production, fuel)
Measurement | Device A local measurement device to continuously measure the grid
device voltage at the connection point
Local Device A local, programmable controller (PL@hat controls the operatio
controller of the power plant. It has got the droop curve implemented.
Smart meter | Device A Smart meter is an electronic device that records information
such as consumption of electric enenggitage levels, current ang
power factor. Smart meters communicate the information to th
consumer for greater clarity of consumption behavior and to
electricity suppliers for system monitoring and customer billing

3.2 References

Refences

No.|Refer Referen Status | mpact |Originator/ Link
type case

4 Step by step analysis of use case
4.1 Overview of scenarios

Scenari o conditions

N o Scenari o Scenario des{ PrimgTrigg Pr-eondi tf Posbndi
acto even
Sc|Bi |l agdggemrednThi s scenar bol dg( 50 alRequedy A s sgeuta | i f
( 3O/ assetlagr e eéhneetmte ¢ B5)A haenli ndi viconnec provi de
anglrequal ithe asset owner |as®ain|of t h contr ol
for vodntarlvol t ag e ea wairicdestl h to th received
services |prequalification or re vol tage
calculation odra for curve fr
curve of the asf¢g part.i ( 3O
n in
contr
servi
SclVol tage c¢c{This scenario dgRES Vol taqTh@®P)O hagThe vol't
RESenenat|genepnp&atoenewabl ggener devi alfdeci ded uof the a
exampl e sources, such ag due tqeactive |within |
provide voltage i mbal reser vieow
electricity syst bet we@pl ant
deman
suppl \TheD®O has
deci ded u
static voO
response
power pl &
Sci{ValidationThis scenari o dg( ¥O Vol t ag Vol t age
(Bval itdlae esol t a contr services
services provi de ser vi val ibdptte
assets provi ( ®O
t he
i ndiv
asset
4.2 Step$ Scenarios
Scenari o
Scenari480-1BiIateral(m)@laememtowner and prequalificati
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St elEvent [Name of|Description of piServlnformall nformaRequi
No . process producefexchangnt sI,D
St 1lRequejRequest|{Anasset owner regqCREAAsset ol 01
conne{connecartjof nietws set t(oe.tgh.el|E
or redpartici|PV power plabonr,
for vol tagelrequests its parHt
partid{servicelcontrol séaA ces
n in
contr
servi
S2 Previ(Connect|/After analysi g BJEXECQ(( 50 | B 101
requesjiand/ or |acepts the connedqUTE
approypartici|the agardi/dbr i ts pa|lREPQC
approvalvol tage coand oilsnfqT
the asset owner
S3 |After [Communi|Th&ssetcommeni cattREPJAsset of B 102 R0 10 1
compl qof capalcapabi | iotfitaesss ectu rt\T
previd(curves |[( D3O
step ( ®¥)O
S4 |After |Calcul alBased on the capdEXE(Q( ¥O | © 103
compl {t he stajrecei (WO ¢ dlecul aUTE
previ(vol tagelstatic voltatghmesd
step curvehé
asset
S5 |After [Communi|ThEDBO communi cat |REP({( 3O | © 103 R-0 0 1
compl qof the |(voltage dmodmecwalT
previqvol tage
step C urtvees s ¢
owner
S6 |After |[VoltagelAsset powmealet age [EXECAsset o
compl services, as des(UTE
previ
step
Scenari dqSc2/ol t age cormgternelraadt yoarrREESx amp | e
St elEvent [Name of|Description of piServlinformall nformaRequi
No . process producefexchangnt sI,D
St 1{Conti (ContinulThe power plant JGET |[Measure|l 8201 RO 1
vol ta(qgvoltagemeasurement equi [ devi ce
measulmeasurelcontinuously mea§
nt voltage | evel
St 2|After |[Cal cul alThleocal odn ttrhel lage XEdJLoc al cl D2
compl qt reeacticharge of the cofUTE
previ(power s|the voltage nmeeaascl
step power setpoint/ r g
static voltage di
t h(B)s O
St 3|]After [Control|Thleocaint colmmemt b |REPJLocal <c| D2
compl i nwert |[setpointsetootigelT
previ requeebedi ve pow
step
St 4/After (Modi ficlThereactive power |[EXECQPower p
compl {t reeactiterminals of thel|UTE
previ(power omodified to chan
step
St 5/After [MeasurelThe volpgawer anudt pEXEdOMeasure| 20 3 RO 1
compl terminals are medUTE |[devi ce
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previ
step
St 6|/After [Data | olMeasurements of REPdLoc al c|l D3 R0 20 2
compl reactive power afiT
previ validation (see (or Sma
step met er s)
Pl ease note that
di peapr i f smart
in each indnviag
vol tage, active ¢
wi || be awdmmuariiq
the (D)SO
Scenari gSc-3alidation process
St e Even Na me ¢ Description of [Ser v Information I nf or mRequi
No . process producer (actorle x c hang|nt sl D
St 1|Peri oq( D) SOst|The (D) SO requesiGET |D)SO | B P2
contrqdata | ojmeasurements ( seg¢
(e. g. purposes from t hg
year | y operator.
St 2|Dat a Submi ss|The asset oper at (REP (JAssetoperators| B 3 1 RO 1
requegjval idat|ivalidati on®@®avaatT
val i d
recei
Pl ease note that the first twonséeepssafythf ssmaenamebper
asset. In that case, data are indeed automatically and
St 3|]Val i dgVal i dat{Logged measwaleimeaE XE ¢(D)SO | B33
dat a reactiviensure the propefUTE
receiysupportivoltage supply sg¢
St 4/Val i ddqCorrecti{ln case of devi atEXE JAssetoperator
check|controllbehaviour, the agUTE
behavi ojprompi endhedo at el vy
behaviour of the
control
St 5|A Repeat The validatiSamB)piEXE(JD)SO
predeival idatifrepeated after al|UTE
peri o 2 mont hs)i.grnar &amg
t he (D) SO6s request,
corre all ocated to the
5 Information exchanged
I nformati on exchanged
I nforn Name Description of information |Requi
exchan|infor m nt ;| DR
| 101 Reques|Document requeotfi hdteatac®irh e etpiued t i ng
conneaxnt he ialsswdl tage control services
partic
in vol
contro
servic
| © 102 Capabi|This curvéaereppaedehnhisies of in@Uviadge
curve (skeiegd}xe
| B 103 Static|This curve-pioswear vroelstpaognese curve that 1
droop [to active and reactivepeowkercrespanse
| ®D1 Vol tagiLocal voltage | evel measured at the a
| 02 Reacti|This setpeaanti ve pdwer response calcu
power control |l ogic based on the sEFiagd3ikevol
setpoi
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| D3 Val i da|Thosei sdeactdaed for the validation proce
I ®D1 dat a measuramdnts submitted in a format pr
| B3 2 Reques|A for mal requeassutb noift tthhee (vDe)ISQd att i on d
val i da
dat a

| B33 Val i dajl]A document issued by thevaD)&&®tirepopt
report

Figbelroawpresents the information exchanges between the

asud
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= F2H + fuel cells Indastrial loadi Riadintial ki ok
Generation Transmission Distribution DER CustomerPremises
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DISCERN.\\
6 Requirements (optional)
Requirements (optional)
Requir Requi r ement Requirement description
R-1 D
R-0 10 1 For mal way The c¢commubneitcweeteinont he i ndivi dual ass
R-0 D 2 communi cationoperati onal, foll owimgl s h(ee.coo.mmuenmeic
the operatorés terms and conditions|
R0 1 Sufficient anvVoltage and power meters with suffi(
vol tage measjyeach. asset
RO D1 Local data stThe | ocal controller must be able 1t/

7 Common terms andefinitions

Common terms and definitions
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Term Definition
AC Al ternating Current
BESS Battery Energy Storage System
BMS Battery Management System
DC Direct Current
DER Distributed Energy Resource
DR Demand Response
DSO Di stri butOipemr a$ystem
EDM El ectdrei ctMaty® t t e
FMTP Fl exibility Management and Trading Platform
HV Hi gh Vol tage
MV Medi um Vol tage
P2H Powe#lydr ogen
PV Photovoltaic
RES Renewabl e Energy Sources
SCADA Supervisory Control and Data Acquisition
SGAM Smart Grid Architecture Model
SO System Operator
ucC Use Case
VPP Virtual Power Pl ant
WP Wor k Package
8 Custom information (optional)
Custom information (optional)
Key Val ue Refers to section
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1. Description of the use case
1.1 Name of the usease

Minimization of the consumption peak

Use case identification
I D Area/ Domai n/ Zone/( Name of the use ¢
UucCs Ar ea: Energy system, Minimizing the consumption peak
Domai n: Distribution, DE(Camexteended to congestio
Zones: Operation
1.2 Version management
Ver si on management
Ver s Dat e Name of a Changes Approval st
No .
0.0 |20/ 07/ 2021Marjolaine [Initial creatiolDraft
(Trialog)
0.1 |05/08/2021Chri st oph dDefinition of objectives
AndAadol s e KDescription of the context
( Cy ber GRI D)]|Listing of indirect impact
(Bovlabs), |[Listing of the
HeylGCemt(ri clby the system t
El chaysse S
(EDM), Juan
Lopez, Pabl
Reed (Crear
Marj ol aine
(Trialog)
0.2 |03/09/2021Juan Varo LDescription of
Gonzal ez Re¢
Jk Pillai (
0.3 |10/ 09/ 2021Marjol aine |Descriptiormcaefna
(Trialog)
0.4 |15/ 09/ 202]Christoph CGReview of the s
(Cyber GRI D)
(Bovlabs),
Hey lGCemt(ri c
El chaysse S
(EDM), Juan
Lopez, Pabl
Reed (Crear
Marj ol aine
(Trialog)
1.3 Scopend objective of use case
Scope and objectives of the use cas
Scope The scope of this use case is to examine ho
avopiodt ent i al peeannsgiewsed isotha rpte ak geneéesatuleasts may ¢
electricity system of the island

Objective(s)

The main objectives of this use case are to:
Minimize the consumption peak by proposing load shiftiogd sheddingr increase of
distributed generation (behind the meterjheSO through the Flexibility Management and

Trading Platform (FMTP)

Minimize the consumption peak on a daily basis by following the EV signal set by Electri
de Mayotte (EDM) on it©pen Datdo advertise favourable periods of consumption
Maximize selfconsumption for EV charging to reduce the peak load (link w/ UC

iMaxi mi zat i o mnewablEnetggSoutcesp

If extended to congestion management, a subobjective cotid be

of R
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Rel ated busi

T Control consumption and/or production t

1.4 Narrative of use case

Narrative of use case

Short description

This use case aims at miinmmiemagtithg a@&ofnlseaxipbi loint pem&
to bdrea new flexibility assets to support the system ipgenrn
by EDM to adverti sceonfsauvmoputriaobnl.e peri ods of

Compl ete description

Consumption peak also named peak loddrefers to the highest electrical power demand that has occurred over a spec
period. In Mayotte, where the climate is characterised by small variations of da#dyanal temperatures as well as heavy rainfalls
electricity demand seasonality is low. The demand is indeed quite stable all around the year and the daily consumgttonspezztky
morning (from 5a.m. to 8am.) when people wake ugnd, in the evenindfrom 6 p.m. to 10p.m.) when people get back from work.

However, theSystem OperatoSQ) of MayotteElectricitéde Mayotte (EDM), is expected changes in the near future. As a ref
scenario for Mayotte, EDM assessed that the total demand should#4€aGiwWh with a consumption peak of 84MW in 2028 (to com
with the 370 GWh of electricity supplied in 2018dathe maximum consumption peak df.B5MW reached inFebruary 202}l This
increase can partly be explained by the penetration of electric vehméesonal cars but also renewed C&l fldetsd improving living
conditions for thepopulation, which relies more and more onainditioning units. To deal with the increasing demand which

happenat a higher pace than grid reinforcements can cope with, EDM is interested in evaluating how flexibility can solve
congestion.

Grid congestion occurs when the capacity of the electricity grid is insufficient to transport the volumes of electriequaveet t
meetthedemand. EDM has currently too low visibility on its grid to measure any congestion. However, EDM knowsiéhaetisipmen
(transformers and feedeiis)verloaded by comparing the capacity of the equipment with the total power capacity subscribed by
users located downstream from this equipment. EDM is currently performing reinforcement work such as:

the creation of a new HV/MV substation in SADA to transport electricitthe south of the island usireghigh voltage lin
(90kV) and propose a better repartition of the-esdrs on the different feeders
the replacement of old transformers

In addition to this reinforcement work, EDM has also set an EV signal, available@peitsDatdo advertise favourable periods

Electric Vehicles charging to promote Smart Charging and to not add any burden on the electricity grid ofatie iBhis signal i
binary:

1 means that the period is favourable and that EV charging is recommended at 7.4 kW maximum
0 means that the period is not favourable and that the charging is to avoid or to limit at 3.7 kW maximum

1,25

18 Octobre 2021 23:00

0,75 Moyenne Signal 1

0,5

Moyenne Signal

0,25

Heure

= Moyenne Signal

To extend EDMdés reach on the management of the consumg
flexibility sources could propose load shiftingload shedding through the Flexibility Management and Trading Platform onahéayl
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flexibility market'6. The flexibility market will have priority over the daily optimization: it means that a flexibility activation orde
by the DSO through the FMTW®ill have priority over the EV signal advertised on tpen DataPlease note théite minimization o
the consumption peak showdtso be able teesolvelocalissues €.9.,overloaded MV/LV transformers), i.e., as in the voltage contro
case, the lcation of the assets is important and assets close to the need should be used. The efficiency of the flexibility rtark
highly depend on its liquidity, the specific locations of the needs and of the flexibility assets involved.

Partners of MAESHA havassessed the potential indirect impacts of such flexibility markets:

First, it will help EDM in future decisiomaking processes. By defining a merit otdésr load shifting and load shedding, 1
MAESHA solution will evaluate the cost of consumptionuetibn. EDM will thus have the ability to compare such prices
internal generation options (in the shtetm) andnew projects (e.g., installation of new batteries, reinforcement work
evaluate the relevance of the latfierthe midterm).

Then,t his flexibility market will/l hel p assessing cons
specific Timeof-Use tariffs based on consumer segmentation in the future.

Finally, this market can al Mdavolurdéoaddshifting or [0dd sheddimj ts thei operato)
peak power plant§ which are usually very polluting.

The benefits of this use case are thus spread over time for EDM: on -dirsleostale, the flexibility market will help EDM
minimizing thecost for electricity suppland on a longer time scale, help EDM in decisieaking.

The differentsubsystems in MAESHA supporting this use case are:

Residential Demand Response

Residential customers may have flexible loads thatumeds do not necessarily need instantaneously to ensure their comfg
dishwashers, washing machines, cldtpers, airconditioning units or electric heating. Typically, these devices are used simultar|
during the consumption peak, e.g., when customers come home in the evening. Optimally controlling the on/off timesevidbs
can reduce the consuript peak. Dishwashers, washing machines or cloth dryers may be activated through the day, whereas |
rely upon the thermal buffer of the building and/or a hot water tank to delay or prepone its activation.

Industrial Demand Response

I ndust mpudase ismaanufacturing of the certain goods and/or service. Some industrial assets on the other hand
provide a certain help to the system operator by adjusting their internal manufacturing process and thus increase dheg
consumptn for the time beingldad shifting and help minimizing the consumption peak. Those energy assets within the indus
usually some restrictions, such as limited tifreene of delivery ¢.g.,max 4h) or can provide such action grat the certain time of th
day or year.

Industry is usually the biggest energy consumption. Reducing the peak at the point of usage is a perfect candidatevithire
this use case.

Decentralized Energy Management within Local Energy Community

Most commonly, Local Energy Communities (LECs) are legal entities such as associations or cooperatives which are |
generation and setfonsumption of renewable energy. Often, LECs consist of prosumers, meaning members who both prg
consumaenewable energy. These may own generation assets, practicersglmption, share electric vehicles or are active in the
energy market through selling excess energy or being engaging in flexibility services. By offering local energy arlzsedianr
individual's needs, the energy management system developed within MAESHA will assessggiayated flexibility to help the systg
operator in operating the distribution grid.

Smart Charging/V2G

Smart charging is the process by whiglectric Vehicles (EVs) connected to charging stations are charged/discharged, tak
account various factors such as consumption peak, renewable energy production or low/high tariff periods. Upon reque
aggregator or a system operator, thef@ing Point Management System can reduce or increase the consumption of the E\
respecting the EV driverds preferences (desired state o

Battery for peak load coverage

16 Through the forecast of typical patterns of EV charging, the MAESBIation will be able to propose flexibility
extracted from EV on a dagheadflexibility market(if provided the access to the market. Otherwise, EV can participate in
intraday flexibility market).

7 The merit order will be calculated basedaustomers incentivization (e.g., financial compensation for switching off
its airconditioning unit)

18 peak power plants refer to power plants that run only when there is a high demand for electricity. They are usually
small power plants fuelled by gasdiesel.
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Wewould also like to integite the battery for peak load coverage that will be installed on the island by the end of 2021. Tﬂ
can indeed contribute to the use case by providing additional electricity supply to meet the consumption peak, witlgppoHurtini
and experige peak power plants.

Considering the flexibility market, the Use Case relies on the following functions:

Contracting flexibility products

Forecast and operational plannindetection of a consumption peak

Aggregation and bidding of flexibility from fierent assets by the intermediate platforms (VPPs and EV EMS)
Activation of flexibility through the Flexibility Management and Trading Platform

Disaggregation of flexibility activation and control dispatching

Settlement process to validate flexibility izetion

Minimization of the consumption peak by Smart Charging/V2G

Considering the daily optimization, only EVs and potentially Local Energy Communities (LEC) will be able to synchro
operation period of their respective assets with period adgdrtiy EDM in it¥Open Data
1.5 Key performance indicators

Key performance indicators
I D Name Description Ref erence t
use case 0@
KP1. 8Fl exibility availabllTarget: 2600 kWh Extracted
MAESHA DR solutions Agreement
KP1. 9Fl exi bility availabllTarget: 13000 kWh Extracted
MAESHA DR solutions Agreement
KP1. 1El ectricity | oad adegTarget: 15% Extracted
Agreement
KP1. JTotal flexibility avTarget: 4 MW Extracted
MAESHA solutions Agreement
KP1. 3JTot al flexibility avTarget: 18 MWh Extracted
MAESHA solutions Agreement
KP3. yNumber of Local EnenTarget: >10 Extracted
in Mayotte Agreement
KP3. 2ZNumber of LEC creategTarget: > 6 Extracted
Agreement
KP83. 3Number of LEC pcrrogjaetceTar get : >15 Extracted
Agreement
KP3. 4Number of people inyTarget: >100 Extracted
Agreement
KP3. 5Tot al number of peopgTarget: >2000 Extracted
LEC Agreement
KP6. JReduction of cost tHhTar gledt% Extracted
Agreement
KP6. 2Reduction of peak degTar glest® Extracted
congestion Agreement
KP6. 3Di stri butiiloint ygrtihdr osut{30 mi n (>25%DR) Extracted
responsiveness of fll1lh (>50%DR) Agreement
required to activatg24hrs (>100%DR)
flexibility through
KP6. 4Li kel i hroodli otfi on of ) o Extracted
(voltagd/opwwermi t viTarQEt' >90% Agreement
KP6. 6g0Over all effectivenegTarget: >50% Extracted
kWh foravbSQ@ed curta Agreement

1.6 Use case conditions
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Use case conditions

Assumpti ons

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

Assuming residential prosumers will be interested in providing flexibility services to the grid

Assuming residential prosumers will be interested in forming a Local Energy Community

Assuming EV stations will be connected to the grid and operating

Assuming V2Gcompatible EVs will be deployed in Mayotte at the time of the demonstration

Assuminget hemhaager wil/l be interested in integrati

D ([=a=a=aa-a-n

requi sites

For residential and industrial Demand Response: consumers should consume electricity when congestion occurs to
and thugatrticipate in this Use Case
For Smart Charging: EVs should be plugged when congestion occurs

1.7 Further information to the use case for classification/mapping

Classification informati on

Rel ation to the other use cases

Direct!| yiMaixnkmed et d he use RESO as it may also | ead to a

Level of depth

Hi drevel

Prioritization

Generi c, regional or national rel ati on

Generic

Nature of the use case

Further keywords for classification

Congestion management, Lower consumption peak, Demand R

1.8 General remarks

Gener al remar ks

2 Diagrams of use case

Di agram(s) of wuse case

Theflexibility mameeth@anasddrs@EVbedgnal & ecus e naals ed@ WiNtae
from each other. Thatés why we built two different speci
Flexibility market
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Figure 38: SGAM function layer of the minimization of the consumption peak use casgpecific architecture (flexibility market)
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3 Technical details
3.1 Actors
Actors
Grouping Group Description
Business Actor Physical or |l egal person that has his own
Operator Business Actor that operatesystem

Logical Actor

Technical entity that takes part in the execution of a use case. A logical actor can be map

physical component

Actor name | Actor type Actor description Further information specific
to this use case
System Logical Operator of the Electricity System Electricitéde Mayotte (EDM)
Operator (SO)| Actor
Residential Business A residential party that consumes electricity
prosumer Actor
Industrial Business An industrial party that consumes electricity (including also
prosumer Actor farmers and EV drivers)
Local Energy | Business An organisatiorbased on open and voluntary participation of ci
Community Actor society, which owns and controls its operations in marbtatiges
(LEC) such as generation, distribution, supply, consumption, aggregg
energy storage, energy efficiency, or charging services for ele
vehicles
Electric Logical Automobile which is powered completely or in part by eledirici
Vehicle (EV) | Actor and whose battery can be charged from an EVSE
Electric Logical Electric Vehicles charger
Vehicle Actor
Supply
D1.1 www.maesha.eu
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Equipment
(EVSE)

Charging Logical
Point Actor
Management
System
(CPMS)

This application is used for managing the charging stations. TH
backoffice systems support standard protocols like OCPP 1.6,
to integrate with charging stations.

Developed by Bovlabs

EV Energy Logical
Management | Actor

This applicatdn is used fooptimisationof charging stations by
smart charging and V2G integration bringing in resilience to th

Developed by Bovlabs

System (EV Grid.

EMS)

EVSE Smart | Logical Smart Agents are used for communicating the metersemodding | Developed by Bovlabs
Agents Actor P2P energy transactions related to EVSE and EV. They could

(EVSE SA) provide intelligence at edges to enable smart charging and V2

LEC Energy | Logical
Management | Actor

Technical module allowindecentralized energy management
within local energy communities. This module offers local ener|

Developed by Trialog

System arbitration (including DER, stationary storage, V1G, V2G, etc.)
(EMS) based on usersd needs,- maxi n
consumption and assessment of poteritial o eagdreaged
f | e x i bei,theiflexipility tHat the LEC can offer)
Flexibility Logical Flexibility management platform that acts as a conductor for th Developed byCyberGRID
Management | Actor flexibility orchesta
and Trading
Platform
(FMTP)
Battery for Logical Battery dedicated for peak load coverage Extern to MAESHA
peak load Actor
coverage

3.2 References

Ref erences

No.|Refer
type

case

Referen Status | mpact |[Originator/ Link

4.1 Overview of scenarios

4 Step by step analysis of use case

Scenario conditions

N o Scenario Scenario des{ PrimgTrigg Pr-eondi tf Posbndi
acto even
Scl|Participal|lThis scenari o dgSOoO, Publ i ¢ Particip
fl exibililcontracting partflexilof th fl exibil
contracti|providers in flgprovi(fl exi contract
mar k e S O
descri
SclFl exi bili This scenario describes the S O, FIThe Fl exibiliUpon f1l e
mi ni mi z i n|operation of the flexibility marketfo|l a rsgcea|(pr ovi fhavoentcr aclacti vat.i
consumpt i |minimizing the consumption pealt. |V P P, -9f | exi lparti ci parequeste
relies on the following main scale|offerg¢l exibili|SO, the
functions: EV EM{SO iswith the [consumpt
. and agjregul i s minim
9 Data collection from assets nvolilon a
involved in the flexibility market |; 1, o mi nut
(e.g.,EVS,indUStrialand f1lexi basi s
residential loads) mar k et
Forecasting of the consumption
baseline and of the flexibility
potential
9 Aggregation of flexibility by
intermediate platforms
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1 Sending flexibility offers/bids to
the SO through the FMTP
9 Flexibility activation order by the
SO upon detection of a
consumption peak
9 Disaggregation of the flexibility
activation order by intermediate
platforms
9 Load shifting or load shedding o
the assetaccording to the
flexibility activation requested by
the SO (through direct control,
indirect control or through the
provision of a schedule)
9 Validationprocess to validate the
flexibility activation
T Settl ement pro
incentivizati on
providers
Sc{Mi ni mi zat This scenario describes how, ¢S O, EYThe The EV si|
consumpt i |adailybasis, EVs and potentially |[EMS ajfjsynchito advert
f ol l owi ng|Local Energy Communities (LEC) [LEC EIt iio:n qf avopabl e
signal u s | synchronize the operation period o contijconsumpt.
advef &v s e |their respective assets with period y whelavail abl ¢
peri ods o |advertised by EDM in it©pen Data possi lOpen Dat a
consumpt.i
SciSmart cha This scenario describes how tiE V' s , As . Fl exi bil
f or congel|EVEMSandthe smart EMS soonasan(lTheCharging |y ¢ j y at |
man a g e me n |charging/V2G infrastructure can EVis Station should belo o ¢ o |
reduce the congestion of the grid a plugged equipped with thel, , 5 [ ¢ g
minimize consumption during peak into its EVEMS,CPMS { ¢ 4 ggr
hours. EVSE. the | @nd atleast, one
EV EMS EV should be
The EVs connected to the will charge | Plugged to the
EVSEs are charged/discharged / discharge EVSE.
considering several factors such ag the Evs  [TEnergy
the forecasted consumption peak according | consumption and
times, the availability of renewable to generation
energy generation, and high/low consumptio| forecasts must be
tariff periods. n and available.
generan
The CPMS can eit forecasts.
increase the con
upon requests fr Addi t
system operator g y, CP
con@umon mini mi 2 contr
whil st also resg chargi
preferences on H upon
and departure ti reque
from
aggr e
and s
oper af
Hybridization of EV charging stations with PV plantan(d
thi xasee For further details, please refer to scenario
4.2 Step$ Scenarios
Scenario
Scenari dgScilParticipation in flexibility markets contrac
St elEvent [IName of|Description of pilServinformal nfor maRequi
No . process producejexchangpt sl D
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St 1|{Fl exi lPublicalThe SO publishes |CREASO | ® 101
mar ke{t he fl eldescribing the fIlE
descrimar ket products and the
ready|descri

St 2[After |ComplialFl exibility proviEXEQFI exi bi
compl {t he fl elparticipate in tHIUTE provide
previ (mar ket i mpl ement what i
step requirelthreequirements ad

flexibility maOrik ¢
01) (e.g., to pr(
to the FMTP or td
pl atfor m)

St 3]After |Prequal|FIl exiybiplriovi ders |[EXEQFIl exi bi
compl ¢processiprequalification|UTE provide
previ to ensure that al
step

St 4|PrequqPartici|lf the prequalifiGET |SO, fle|l B2
tion approvalpasséaexibility p provide
passe approval from t hg

the flexibility 1

St 5|After |Partici|Fl exibility proviEXEQFIl exi bi
compl fl exi bi|fl exi bkeétityasnadegUTE |provi de
previ (mar ket Scenario 2
step

Scenari dqSci2Fl exi bility market for minimizing the consunmn

St elEvent [IName of|Description of piServilnformal nfor maRequi

No . process producelexchangint sI, D

St 1|{( RegulData colConsumption data|CREAAssets || BD1 R0 1

from t hlassets involved IiE in the
invol vel(EVs, LEC | oads, mar ket
flexibilindustrial |l oads)
mar ket utility meter ( s¢{

St 2|After |Dat a Consumption data|REPCGateway| D1 R-0 D 2
compl qcommunifto the intermedi{T
previ(to the |scale VPPal em¥&PP
step inter melEMS) through gat ¢

pl atfor
(I aggeel
VPP, -sm
sda& VPH
EMS)

St 3]Af ter |[Forecas|lntermedi at ®eapi aiCREALarg®ral ¢ B D2
compl EMS forecast thelE s masiclal el ® 2D 3
previ generation (i f r¢ EV EMS,
step flexibility poterl EMS

on the forememlil)
for the next day
Note that the bas
(estimate of the
on hismmamidg ali sda
val i dation proce:

St 4/Af t er |[Aggregall ntermedi ate pl atitCREALarg®xal g 204
compl {(fl exibilffl exibilitycponhelE s masicla | g
previ assets: and EV
step T Largeal e VPP agg¢

fle><|biI|ty pot
|l oads and BESS
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T Smaddal e VPP agg¢
flexibility pot
and LEC | oads

T EV EMS aggregat
potential from
their charging
Pl ease note that
consider speci fi(
asset (e.g., | oc {
of electricity)

S5 [(After |Sending|llnter medi asteeh tipel atREPCL arsggeal ¢ © 20 4
compl jaggregalaggregated flexilT s masliclal ¢
previ(flexibi|l|day) to the FMTP. EV EMS
step to the |[Note that all f1 ¢ FMTP

St 6|After |Ordef tlThe FAMTdRelhe f | exi|CHANFMTP | D4
compl ¢(fl exi bi|{Note that the @mrdGE
previ wil i beussed in \
step

St 7/After |Fl exi bi|The FMTP shares {REPCFMTP | 24
compl ¢communifflexibility bids|T
previ(to the |SO
step

St 8/Durin(Fl exi bilUpon detection 0oiCREASO, FMT| © 205
operaforder bjchall enging the (E
pl ann the eleyxdtrem, ttyhe

flexibility bids
FMTP, detailing t
required for eacl

St 9|After |[FIl exi bi|The FMTP sends tH{REPCGFMTP, -1 { D5
compl qacti vatforder to the rel (T scal e V-
previ(communi|pl atf or ms scal e V
step to the EV EMS

inter me
pl atfor

St 1|{After |Fl exi bi|The iendticartre pl at fICREALarsgrcal ¢ B D6
compl Jqactivat|di saggregate thelE s maslcla | e
previ(disaggr|finto flexibility and EV
step each connected afg

Note that the |l oad shiftingdsfhédedeng wamsthéhrbegpedioe

DR), through indirect control (e.g., industri al DR)g osrt €

thus tripled according to the control perfor med

Std|After |Direct |[The smallle VPP st|EXECSmaddal g © 26

1 compl ¢fl exibiffl exibility bids|UTE jJand res
previ(activat|day, directly seiq consume
step communi|the assets ¢ orsrcel

to the |VPP. Pl ease not e
cannot be overri(
consumers. Howev ¢
feedback on the ¢
the VPP

Std(After|IndireclThe ssargyye VPP selREPCLarg®ral ¢ D6

2 compl ¢(fl exibiffl exibility acti\T and ind
previ(activat|day to the | ocal consume
step communilindustry. Pl ease

to the |of the i nsduisst rnioatl
as too sensitive

St4d|After |Provisi|llntermedmatseeptatREPCEV EMS || ®BD6

3 compl joperatiflschedules (e.g., |T EVs, -slcaa

schedul|schedul es) extr af VPP and
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previ(flexibilflexibility bids
step activat|iconnected assets
communi
to the
St 1|{After |Fl exi bi|]After reception (EXECGAssets
compl ¢(activatfactivation signalUTE |in the
previ(the assftime frame, asseft mar ket
step involvelshifting or | oad
fl exibijlminimize the con;¢
mar ket
St 1{After |Vali dat|The SO verifies {EXEQCSO | 203,
compl (processfthe flexibility JUTE I D7
previ the basel i-0& 3f)o ras
step consumption pr o
0D 7)
St 1|Aft er |[Rewards|The SO rewards tIHIEXEQ | 208
compl (penal tiljproviders accordiUTE
previ participation in
step I'f the flexibilidHf{
foll owed, penalt]
.
0200 E-02.05, E] E
A — ¥
ey | ———IE-02.04]
e |E-02-05 Ll
HIE-02-04
TR : §[
T8
=] = 3 Tl
= D % B
Gomarnis B pem— a_;"E'DZfT: | ‘ —IE-D’E%]?-— ~IE-02-07% {i‘fjﬁ é
mm— —E-02-07-» s — ' I
Generation Transmission Distribution DER CustomerPremises
A
DISCERNT\
Scenari qSci3BMi ni mi zati on of the consumption peak vboyurfaoblll
periods of consumpti on
St elEvent [IName of|Description of pilServinformal nfor maRequi
No . process producelexchangpnt sl D
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St 1|{( RegulDevel oplThe SO esti mates |CREASO I ®3D1
on a thesEYnunfavourabl e periE
basi s for the next day
demand forecast
St 2|( RegulReadi nglEV EMS and LEC EIGET [EV EMS, | 31
on a EV sign|signal advertiOpe:l EMS
basi s Dat® advertise f
consumption phopi
on @men (D@BTa r equ
St 3]JAfter |Control|lEV EMS and LEC EIEXEQEV EMS, | 32
compl ¢di spatclproper control diUTE EMS
previ(upon an|the EVresdadgnal
step of the
signal 1 means that the period is
favourable and that EV charging i
recommended at 7.4kW max
0 means that the period is not
favourable and that the charging i
to avoid or to limit at 3.7kW max
Note that consumg
the priority. For
will propose a cl
scherdaed gecti ng th
preferences on E)
departure ti me.
00| - :
. A 2
= — L g
] 5
e . i E'_l B
Generation Transmission Distribution DER CustomerPremises
W12
D\SCERN'l\
Scenari dSc4Smart charging/V2G for congestion management
St elEvent [IName of|Description of pilServinformal nfor maRequi
No . process producelexchangpnt sl, D
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St 1 EV Plug of|lEV driver conneciCREAEV driv| ®41 St
drivelto the |[EMcharger and autl|E,
to chargeitfP o i nt RFI D/ NFC tag REPC
car T
St 2[Compl Aut hent EXEQChargin|l DO 1
of pr UTE
step
St 3([Compl (Communi|Th@harging Point |[REPCChar gi n|E-0401
of prqof evenlSystem (CPMS) <colIT Managem| © 42
step the EV |[EV EMS informati (¢ System
charger and | D t i
St 4|]Compl {(Request|The EV EMS sends |GET EV EMS | B3
of prqdriver |[EV driverés mobil mobil e
step i nformalpreferences, suct
charge, desired g
departure ti me, ¢
engage in smart ¢
St 5|The E)ReceivelThe EV driver setREPOMobile || D3
driveldriver [the mobile app, T EV EMS
react¢informalthe EV EMS
noti f
and s
prefe
St 6|Compl {Smart <c|/EV EMS calcul ateYEXEQEV EMS | BD4
of pryprofilelprofile consideriUTE
step calcul alpreferences and (
provided by ener (
demand forecasts
St 7|Compl {EV EMS |[EV EMS communi catREPCEV EMS |E-0404
of prcommunifcharging profile]|T
step smart ¢
profile
CP MS
St 8(Compl Charge |[The CPMS communi (REPCCPMS IE-04-04
of prqdi schar(lEVSE to charge by{T
setup|communi|jsmart charging pi
t o BWSE
St 9|Compl (EVSE beBased on the inf(EXEQEVSE an| D4
of prqcharge (from the CPMS, t f[UTE |ICPMS
step di schar|jcharge [/ dischar (
St 1|Compl| {EV EMS |The EV EMS recal (EXECEV EMS |E-0404
of prirecal culsmart charging pIiUTE
step entire ||l oad profiles of
profil emhutes, effecti v/
di scharging the |
congestion dat a,
consumption peak:;
renewabl e energy
St 1{Compl 4l ncenti|EV EMS transfers |EXE EV EMS
of prqtransfeldrivero6s token w{UTE
step EVdrivelparticipation in
all owinv2aG flexibil.ity |
fl exibi|Note that EV dr i\
smart clonly whetni dihpat o :
charginge Abg&enst
public crypto cul
traded on Itthei 2 xl
point that can b¢{
such as the redaoi
di scount for the
vehicle
D1.1 www.maesha.eu
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St 1|{Peri o(Chapgé nCharge point met (REPCSmaAdent|l D5
meter rfreceived from t hyT
communicated to {
tracking each k Wi
and discharged i |
points
St 1{Peri o(Sol ar P/Meter readings ofREP( | D6
productiproduction (kWh) T
meter rjauditing its soul
sharing informati
spending
St 1|Peri o(Smart ABovlabs Smart Ag¢EXEQSmart Al D7
upon performtransactions witilUTE
compl ¢transacfinformation gat hg¢
of en using a Proof of
trans almgiot hm and | ight
(st12 architecture
St 13)
5 Information exchanged
I nformati on exchanged
I nf ornm Name Description of information |Requi
exchan|informn nt ;| DR
| 101 Fl exi b|[Public document describing the flexib
mar ket |requirements. This document will be d
descri
| 10 2 Partic|lDocument certi ffyyierxg btiHatt ya pspevd idfeirc i ¢
in flelflexibility mac®R&t described in |E
mar ket
approv
|l D1 C o n s u m|Various consumption data collected from the assets involved in the flexibility mark
dat a minimizing the consumption peak. Thatata are highly linked to-R2-01:
At | east one wutility meter should be
flexibility market and should communi
l evel At | east3mdauaespgoahd!l presgngan
per. day
| 202 Baseli|Esti mate of the future demand that s
foreca
| 203 Fl exi b|Esti mate of the fl exilbadd tsyh edodiemg iacarl
potent
foreca
| ®D4 Fl exi b|/A flexibility bid consists of the agg
bid assets connected to an intaei mddiaatpe i g
| D5 Fl exi b|/A flexibility activation is a request
activallocation by reducing the consumpti on
reques
| D6 Di sagg|Fl exibility activatfioorn croengtureoslt diiss pdaits
d flex|jconnected to the.intermediate platfor
activa
I ®2D7 ConsumConsumption profile of the assets inv
profilfactivation has ®@.eni tr egghuewsitc db & yd it fhfee
(IED2) as the assets has performed | o
consumpt.ion peak
| ®208 Fl exi b|[Reward of the flexibility promadlets. f
rewardjthis reward can be transformed in pen
flexibility activation requested by t
D1.1 www.maesha.eu
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I ®D1 EV s i g|EVsignal, available on EDMdpen Datdo advertise favourable periods of Electric Vehi
chargingi to promote Smart Charging and to not add any burden on the electricity
the island. This signal is binary:
1 means that the period is favourable and that EV chargirec@nmended 3
7.4KW.
0 means thatfakempHdtiebdti sheothar
l'imit at 3. 7kW
| B 3D 2 Contro|Control di spatching proposed after an
di spat|jcharging/di scharging schedule in the
I D1 I D Tag|Aut hentication of EV using RFI D/ NFC t
| B P2 New EV|The Charging Point Management System
conneclinformation about donwvect @ddit@aharger a
signal
| 43 EV dri|Through the bile app, the EV driver
prefer|such as desired state of charge, depa
char.ging
| D4 Smart Charging/discharging profile to be pe
chargi|(and related to a specific ID Tag), b
profil|preferences, renewabl e erneregy agnan eroa te
constraints
| ®D5 energy|Charge point meter readings are recei
consumEMS, tracking each kWh of energy char
i k Wh
| D6 Solmer (Meter readings of the solar PV energy
gener-alof origin and sharing information to
k Wh
| D7 Smart B ckchain Smart ®Agenstacpeohsrwmi ehetp
energylgathered in St12 and St13, wusing a Pr
transalbl ockchain architecture
6 Requirements (optional)
Requirements (optional)
Requir Requi r ement Requirement description
R-I1 D
R0 D1 Communi cati ndAt |l east one wutility meter should |
should be ingflexibility market and should commu
level . At | east 3 &uiantuat es hgorua ndu Iparreisteyn ta
per. day
R-0 D 2 Access to cofPartners should have access to cons
should be grgsolution (forecasting step). Rel at e/

7 Common terms and definitions

Common terms and definitions

Term Definition

Cc&l Commercial and I ndustri al

CPMS Charging Point Management System
DER Distributed Energy Resource

DR Demand Response

EDM Electricit® de Mayotte

EMS Energy Management System

EV El ectric Vehicle

EVSE Electric Vehicle Supply Equi pment
D11
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FMTP Flexibility Management and Trading Platform
HV Hi gh Vol tage
LEC Lockanlergy Communi ty
LV Low Vol tage
MV Medi um Vol tage
NFC Near Field Communication
RFI D Radi o Frequency Il dentification
SA Smart Agent
SO System Operator
ucC Use Case
V2G Ve hitc@rei d
VPP Virtual Power Pl ant
D1.1 www.maesha.eu
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Maximization of the use of RES

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

Use case identification
I D Area/ Domai n/ Zone/( Name of the use ¢
ua Ar ea: Energy system, Maximizing the use of Re
Domain: DER, Customer Pr
Zones: Operation
1.2Version management
Ver si on management
Ver s Dat e Name of a Changes Approval st
No .
0.0 |1607/ 2021 |Marjolaine [Initial creatiolDraft
(Trialog)
0.1 |1208/ 2021 |Nicolas Pei|fScope and obje
fCompldetseri pti o
0.2 1009/ 2021 |Marjolaine |Description of
(Tri,duag) Va
Lopez, Pabl
Reed (Crear
( Bolvd )a
0.3 |[04/10/202]INicolas PeilFinalization
1.3 Scope and objective of use case
Scopebagnedcti ves of the use case
Scope The scope of this use case is to maximize t
coll ectonmsgumption operations, | ocal energy
Objective(s)|Thmain objective of this use case is to max
T The decentralization of renewabl e energ
coll ectonmsgumptifon operations or energy
1T Highewels of solar energy for charging
sector
T Higher |l evels of sdlHVACGmnecgyg in cli mat
1.4 Narrative of use case
Narrative of use case
Short description
This use tampbtememsi magcecnondlmpti o spéfati ons and hybri
conditioning units) with photovoltaic panels to maxi miz
Compl ete description
The main obj ecttioveeoxfarWOmI kA itshe energy systems of geog
this use case:
1. Reach up to 70 to 100% of Renewabl e Energy penetra
communities, Inmeoxdiedilleirtsy asnodl uft i ons providers
The potenti al for PV is highfiufclomdyyyotmti en.g Wiot hE esm ¢ & lena
install ations waiting for a connectipnodoctibemgoaninogr @d
|l ocal and renewable electricity prodacsiuammti dmoslenolAE &
those operations could be extenddpdenal lad c-oome nmglyd ¢ rehves |
mul tiple Local Energy Communities.
2. Create synergies between electricity and other netw

D1.1
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The transport system in Mayotte, which is theopti mxrcy
on thermal vehicles. Very few Electric Vehifcdps Howeberin
carbonized electricity, as the one produced by the B&M
equi val ent t oehi oleec enft ttJhee[ednparhe vcat egory

The | aw on the orientation of mobilitiesncpulbleisstaedain
uUusi ng -bcaasrebdonenergy by 2040. Thus, it i s necessary to en
Annual Energy Progir @gmafild@god otegdveechtiirtviek i203 0. The first ele
by dealers to meet the demand of companies or |l ocal aauf
L. -224nd -8L.0f224he environmanthocode ) sf dot émmd elgoa@adle vehicl
A call for projects from ADEME has made it possible dano
territory of the ComBonthy(€CSEGDmmubestati dthe, each col(
equi pped to recharge abostppls 4 ethown elsalolfs tdfe tCHC&S UtDe ramig
of the Community of Communies bmp@etantet ﬂ'erhbghQC@iﬁ;lthat
or 7.4 kVA when sapmilngdf rbometlleectgricdt ydepeddiingGaod tbe
supplied by | olcad als od watrh @rai¢ttilyesst @adreey @t htuhse rMAESHA sol uti o
Energy Sources to charge their EVs.

I n MAESHA, to foster the deployment of a more sustlatshg
been deci detdhet chyebxamdiireeat i on of the EIlectric \enhd ctloe ss ich
period of charging with perlod of |l ocal and renewable p

Additionally, in the tropical cli mztoemdoft i Mayogt eni man

with the high temperatuhes. mpor E@QW dintuidgmdebg e wriisied hibny tt
(20620019), with approximatively 60% of the population in
atcrondi tioning units per household, the numble efesturcihci
this equipment is intensive and has a eciornad tt iiomp anogt un t{
the warmer (and the sunnier) hourcoplfi ntdheofdasyych tsyhsatsemg

The diffsgrsertimssum MAESHA supporting this use case are

Col |l eciciome usn@ltfi on

The French Ensirngdyi vdodduea |l d eafnidmnes o mpecohnhvens@Dddén sanmndpet2i@oln
collectlve when the supply of electricity is carriedi mk
togethe within a | egal entity and whose consumpitnigonr ed
buiIlBlngEhls framework is a way to involve <citizens in
consumption scheme allows to free -®P&¥npumptuicenm ss d adouna (it uhtte;
| ocraddwpcti on hion ca@dasvsumfedsur plus.]tthesbopabhpsobacki bhei
as most of it is consumed by the PV ocoworsummtdi ecmeoperfdtei

Decentralized Energy Management within Local Energy C

Local Eommwryities (LECs) are, most commonl vy, | egal en
generati@omnanddpsebh of renewabl e energy. Oof t en, LECs ¢
consume rmreeregwa.blTeheese may own georsampoinomsseiharepelaetti c
active in the | ocal energy mar ket through sellingnexgygod
based on individual's needs, the energy manag-emaBumpysbD
by aggregating the |l oads and the supply of the communi:t

Hybridization of EV stations with PV production

EV charging stations coupled with PV production unitao
the growing number of EVs in Mayotte to be powered wiGHA
emi ssions generated by the charging through carbonirhags

a |l ow number of EVs being charged at a particul adwm pnroonein
services for the maximization of RES in thesmattandhaibi
bel ow.

I n MAESHA, it has beedbldeeecti doefd vteoh ircelneesve mahtahi DESGs s taantdi d

production for the usage of EDM.

Smart Charging/ V2G

19 Source: French Energy Code (Art. 325(sed8])
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Smart charging is the process by which Electric Vehia
account variousmpuicoorpeakchrasewahba energy production
energy generation forecast, the Charging Point Ma n ssgfe mi
generation, while respecting the EV driveB§s i ppeéferatn®mi
EV batteries can be used as distributed stodhgegungtst ai
hours and to discharge during darker hours fwp dofi fgcelrlent
pl ants, maxi Mihzet sustehuosft Renewabl e EnadradycitSngodr ctehsi sa nuds e hce

Hybridization of cold production with PV production

As -@aomditioning units are mostly wused during the warm
coupling of suphoduylstt &msa wdrtectPivcal way to use the surpl
1.5 Key performance indicators

Key performance indicators
I D Na me Description Ref erence t
use case 4@
KP1. 4Renewabl e energy capgTarget: 20 MW Extracted f
Mayotte thanks to MA Agreement
KPL. JHori zon for full decTarget: 2040 Extracted f
transport sector in Agreement
KP1. 1Hori zondecoar bfaunlilsat i|Target: 2050 Extracted f
sector in Mayotte Agreement
KP3. INumber of Local EnernTarget: >10 Extracted f
in Mayotte Agreement
KP3. 2Number of LEC cirselaatneTarget: >6 Extracted f
Agreement
KP3. 3Number of LEC createTarget: >15 Extracted f
Agreement
KP3. 4Number of people inyTarget: >100 Extracted f
Agreement
KP3. 5Tot al number of peopTarget: >2000 Extracted f
LEC Agreement
KP3. 6Tot al energy produceTarget: >5 MWh Extracted f
consumption during N Agreement
KP5. 1Reducti oamiod siGélies f gTar g3e0t% Extracted f
sector in Mayotte at Agreement
KPS5. 2Reducti on of GHG emiTar g6e0t% Extracted f
sector in Mayotte 1¢( Agreement
KRP5. 3Reduction of GHG emiTar gledt% Extracted f
sector in Mayotte at Agreement
KP5. 4Reduction of GHG emijTar g5e0t% Extractedr dr
sector in Mayotte 1¢( Agreement
KPH5. 5Reduction of particyTar g2e0t% Extracted f
mobility sector in N Agreement
MAESHA
KP5. 6Reduction of particyTar gredt% Extracted f
mobi |l it yWayedtter 1liOn vy Agreement
MAESHA
KPT. 1lShare of income of HhTarget: <15% Extracted f
electricity bill in Agreement
1.6 Use case conditions
Use case conditions
Assumptions

D1.1
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T For <col l-ceocntsi unep tsiednf o p er iatléionnksy:

T Assuming residenti al prosumers -wbhbubopteirpatteiroenst ed i
T Assuming residenti al prosumers wil|l be interested i
T Assuming EV statipoomnsucoiaphedvi WilthePVnstalled and op
T AssumincgonvRad i bl e EVs will be deployed in Mayotte at
T Assuming coanRIVpaowiilslt i lo@ i nst dlnl ead ceor-d cecg & noppteisoag f o n
Prerequisites

M1 For hybridization of EV charging station with PV pr
hour s

nsentaerrts )mestheorusl (ob e i n

1.7 Further information to the use case for classification/mapping

Classification

informati on

Rel ati on to the other use cases

Linked to AMinimize the consumpti on

peako UC

as thihe WS

Level of depth

Hi drevel Use Case

Prioritization

Generi c, regi onal or national rel ati on
Generic
Nature of the use case
Further keywords for classification
Setbnsumption, hybridization, Local Energy Community
1.8 Generaremarks
Gener al remar ks
2 Diagrams of use case
Di agram(s) of use case
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Local authorities

A\

asud
PEAUE

Has an

©)

Full decarbonization
of the energy
& transport sector

I
Dhjectwe)\ // )
M

Has an objective

MAESHA

solution

\\
\\
\\

UOTIEJSu()

1y

N

N\ \ . i
\) Generate \ Collective Cold production i
/ electricity / self-consumption E
z _ .
PV power operation &]
plants
LEC EV + EVSE
Generation Transmission Distribution DER CustomerPremises
" A
mscan‘,l\
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asud
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i
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Geserstin -

S59707g

Generation | Transmission Distribution DER

CustomerPremises

X
mscenu'i\
Figure 44: SGAM function layer of the maximization of RES use casspecific architecture

Local authorities and SO are represented in this illustrasdheaMAESHA solution will provide them with a service of s¢
consumption m&mization when charging their EVs fleets.
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BELBLE

asiad
ToIu3

E
T
3

i
TOTIETS

B
b=

%w
ofE— &

5
Sumzmon HEY Sutmtation MLV @ v i g
O sk o
Generation | Transmission Distribution DER CustomerPremises
S
. DISCERN.I"‘\
3 Technical details
3.1 Actors
Actors
Grouping Group Description
Business Actor Physical or legal person that hashisdwnt er est s, defined ag
Logical Actor Technical entity that takes part in the execution of a use case. A logical actor can be mappe
physical component
Actor name | Actor type Actor description Further information specific
to thisuse case
Forecaster Logical A system that forecasts the energy demand as well as the
Actor generation
Residential Business A residential party that consumes electricity
prosumer Actor
Local Energy | Business An organisation based on open and voluntary participation of g
Community Actor society, which owns and controls its operations in market activ,
(LEC) such as generation, distribution, supply, consumption, aggregg
energy storage, energy efficiency, or charging senfareslectric
vehicles
Electric Logical Automobile which is powered completely or in part by electricit]
Vehicle (EV) | Actor and whose battery can be charged from an EVSE
Electric Logical Electric Vehiclesharger
Vehicle Actor
Supply
Equipment
(EVSE)
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Charging Logical This application is used for managing the charging stations. TH Developed by Bovlabs
Point Actor backoffice systems support standard protocols like OCPP 1.6,
Management to integrate with charging stations.
System
(CPMS)
EV Energy Logical This application is used for optimization of charging stations by Developed by Bovlabs
Management | Actor smart charging and V2G integration bringing in resilience to th
System (EV Grid.
EMS)
EVSE Smart | Logical Smart Agents are used for communicating the meters and recq Developed by Bovlabs
Agents Actor P2P energy transactions related to EVSE and EV. They could
(EVSE SA) provide intelligence at edges to enable smart charging and V2
PV production| Logical Small wit which generates energy from solar sources and whi
units Actor connected to the distribution grid
Cold Logical Process of removinigeatand controlling théaumidity of air in an
production Actor enclosed space to achieve a more comfortable interior environ
by use of powered 'air conditioners' or a variety of other met
including passive coolingndventilative cooling
LEC Energy | Logical Technical module allowing decentralized energy managel| Developed by Trialog
Management | Actor within local energy communities. This module offers local eng
System arbitration (including DER, stationary storage, V1G, V2G, €
(EMS) based on usersd needs,-consampiion
add assessment odg@rodeatte di.é. fthé
flexibility that the LEC can offer)

4 Step by step analysis of use case
4.1 Overview of scenarios

Scenari biconsd

N o Scenario Scenario des{ PrimgTrigg Pr-eondi tf Posbndi
acto even
Sc|Col l ecti v|This scenario dgCommu
consumpti|of coll-eohBumpsE

Sc|Optimizat|This scenari o dgEV
EV chargi [MAESHA solution
charging/|EV charging with
renewabl e electr

4.2 Step$ Scenarios

Scenario

Scenari dScilCol | ectciones usngltfi on
St efEvent IName of(Description of piServilnformal nfor malRequi
No . process producelexchangpnt sl D
The French Energy code deftiomsumptdi ohdual g88ddn awoidp tQiOdLn
collective when the supply of electricity is carriedi mk
together within a | egal entity and whosemec drusiundptnigon ig
buil 20i . ngBhi s framework is a way to involve citizens 1in
consumption scheme allows to free -dPdn pumsptcibemns f toan abtoire
| ocal product(iom magse cofnsuumrem! us, theal scabdl powsucby omu
back the recourse to battecdlesgitmals-tiompamp ecfonselift y and

In this framewor k, it is possible to imagine an opPkRlIrea
not eprtdiaumers can be behiondsdahfilecemid MY £ LWt gu MMt at

Al the participants are |linked together inside a |e
fiPer sonne Mor adl)e. Orhgiasniesnattirtiycei s t he contact per son Thidsola
production breakdown represents the share of solar production allocated to each participant of the LEC. There arbréayplesvols

- Static

20 3ource: French Energy Code (Art. 325(se€8])
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- Dynamic ly default
- Dynamic customized

PMO

e',
GRD
réseau BT
NotedPM®®d stands for APersonne Morale Organivseshtapeegr
for DSO.

Scenari dqSci20pti mi zation of the EV charging (Smart <charg

St elEvent [IName of|Description of piServilnformal nfor maRequi

No . process producefexchangpnt sl D

St 1EV dri|lPlug of|EV driver connectiCREAEV driv| ®2D1
witad to the |[EV charger and alJ(E,
charg¢(Point RFI D/ NFC tag REPC
car T

St 2[Compl Aut hent EXEQChargin|l ®2D1
of pr UTE
step

St 3|[Compl Communi|The Charging Poi fREPCCharBohnh| D1
of pr(of evenSystem (CPMS) colIT Managem| 22
step the EV |[EV EMS informati ( System

charger and | D t i

St 4/Compl {Request|The EV EMS sends |GET EV EMS || ®BD3
of prqdriver EV driver s mobi l mobil e
step i nformalpreferences, suct

char ge, decshiarregde, g
departure ti me, ¢
engage in smart (
St 5|The EYReceivelThe EV driver sefREP(OMobile || ®B2D3
driveldriver |[thheobile app, whi|T EV EMS
reactJinformalthe EV EMS
notif
and s
prefe
St 6|]Compl {Request|The EV EMS requedGET EV EMS || D4
of pr{renewablenergy generati ol
step energy |For echilsdaese note
gener at|Forecaster wild.l I
forecas|forecast forFohel
optimizati on, tthhi
be a bit inaccur {
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St 7|[Compl {Recei velThe Forecaster s{(REPCForecas| 24
of prqrenewablenergy generatiolT
step energy |EMS
gener at
forecas
St 8]Compl {Smart <c/EV EMS cal cul ate{EXEQEV EMS | D5
of prqprofil elprotohei dering tHUTE
step calcul alpreferences and t
generation forec:i
St 9Compl (EV EMS |[EV EMS communi catREPCEV EMS || ®BD5
of prqcommunifcharging previdgrlye |T
step smart c
profile
CP MS
St 1|{Compl Charge |[The CPMS communi (REPQCPMS | D5
of prydischar|lEVSE to charge b{T
setup|communi|jsmart charging pI
to the
St 1|{Compl {(EVSE beBased on the inf(EXEQEVSE an|l D5
of pr{charge (from the CPMS, tHUTE |[CPMS
step di schar|jcharge [/ dischar (
St 1|Compl {EV EMS |The EV EMS recal (EXEQEV EMS || D5
of pri(recal culsmart charging pIlUTE
step entcihraer (l oad profiles of
profileminutes, effecti )
di scharging the |
congestion dat a,
consumptionalpeak:;
renewabl e energy
St 1|Peri o(ChapgénCharge point met{REPQSmart Al D6
meter rjreceived from t h{T
communicated to f
tracking each k Wi
and di schamagretd a h
points
St 1|Peri o(Sol ar P/Meter readings oiREPQ | D7
product|production (kWh) T
meter rjauditing its soul
sharing informati
spending
St 1{Peri o(Smart ABovlabs Smart Ag¢EXECSmart Aj| B8
upon performtransactions witilUTE
compl {transac|linformation gat hg{
of en using a Proof of
trans algorithm and | i (
(St12 architecture
St 13)
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ol m
8E
-
g
3
$ 5
1|
b |
|
a0
'::v G ‘—D 1 s
e T mm = Jf_ @
EH- O sk oo
Generation Transmission Distribution DER CustomerPremises
A
DISCERN.l"\
5 Information exchanged
I nformati on exchanged
I nf orm Name Description of information |Requi
exchan/inform nt ;| DR
| D1 I D Tag|Aut hentication of EV using RFI D/ NFC t
| D2 New EV|The Charging Point Management System
connecl|linformati on about connected charger a
signal
| 23 EV dri|Through the mobile app, the EV dkriinvge ryg
preferfsuch as desired state of charge, depa
| B4 RenewalLocal renewabl e energy generation for
energy
gener a
foreca
| ®BD5 Smart Charging/discharging profile to be pe
chargi|(and related to a specific I D Tag), b
profil|lpreferences, renewabl e energy generat
constraints
| ®2D6 Energy|Charge point meter readings are rece
consumEMS, tracking each kWh of energy char
I kK Wh
D1.1 www.maesha.eu
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| D7 Renewa|Meter readings of the renewable energ
energy|source of origin and sharing informat
gener-a
k Wh

| D8 Smart Bl o chain Smart Agents pbefoomténenpg
energylgathered in St13 and Stl14, wusing a Pr
transalbl ockchain architecture

Common terms and definitions

Common terms and definitions

Term Definition

CPMS Charging Poi&ystMamagement

DER Distributed Energy Resource

DSO Distribution System Operator

EDM El ec tdrei ctMaty® t t e

EMS Energy Management System

EV El ectric Vehicle

EVSE Electric Vehicle Supply Equi pment

GHG Greenhouse Gas

KPI Key Performance I ndicator

LEC Local Energy Community

NFC Near Field Communication

OCPP Open Charge Point Protocol

P2P Petedeer

PV Photovol taic

RES Renewabl e Energy Sources

RFI D Radi o Frequency Il dentification
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Energy access

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

Use case identification
I D Area/ Domai n/ Zone/( Name of the wuse ¢
UucCs Ar eBanier gy Energy Access
Domai n: DER, Cust omer Pr
Zones: Operation

1.2 Version management
Ver si on management

Ver s Dat e Name of al Changes Approval st
No .

0.0 |10/ 08/ 2021Ti di an Baer|lnitial Ver si on |[Draft

0.1 [13/08/2021Lucia GonzgUpdate Draft 2
Cuadrado (C

0.2 (01/09/2021Marjol aine |[Update Draft 3
(Trialog)

0.3 ([02/09/2021Ti di an Baer|(Update Draft 4

1.0 |(06/09/2021Ti di an Baer{Update Draft 5

(HUD) / Mar j o
Farr ®/ Luci a

1.1 |(01/10/2021INicolas PeilFinalized versi(Draft 6
(TECSOL)
1.3 Scope and objective of use case
Scope and objectives of the use cas
Scope Provision, reliable and affordable access t
Objective(s)|The objective of the use case is to respond
fostering higher community involvement and

Rel ated busi

1.4 Narrative of use case

Narrative of use case

Short description

The objective of the use case is to respond to the lackiableaccess to electricity in Mayotte. The use case builds on Susta
Devel opment Go asure dc&§ ®)affordable tradiablé, sustainable and modern energp foralvhi | e a't
offering services to the grid and fostering the ineohent of (marginalized) communities.

Complete description

Despite officially being part of the European Union, existing secimnomic differences should be considered when impleme
a technological innovation project such as MAESHAMayotte. Official statistics illustrate the contextual differences of the i
compared to many of the follower islands and of mainland E&toyéth an annual populatiegrowth of 3.8 per cent, on averag
children per woman, and a Gross Domestic Bcbdomparable to that of Djibouti, Mayotte stands out compared to many other Ey
regions. In comparison, the GDP of La Réunion, another European oversea department, is more than double of the GDP
(Mayotte ann. GDP p.c.: 13 000 $, Réuni@i:000$). Compared to France with 16 per cent, a staggeriBg peér cent of people
Mayotte live below the poverty line. Conservative estimates state that 25.9 per cent of the population is unemployedfahe
population is younger than 18 yeatd. Due to this lack of perspectives for young people, many of those who have the possibil
the islandresulting ina brairdrain.

It is estimated that around half of Mayotteds 50 GhatBOm:
cent of the population have insufficient access to running water and 40 per censlieetmetal houses, often hiatt clearly define

21INSEE, 2021See[2]
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property rights of the inhabited land and without connection to the main grid. Ultimately, the local energy infrastrfietsrézsua a
growing number of illegal connections and energy thiefposing a major challengeto the localDistribution System Operat
(DSO)/Transmission System Operator (TSO). The reduction of these illegal connections as one goal of MAESHA (see KRh&
necessity to consider the local context and requirements of the local population have ledrtodtierf of the Energy Access USase
which is described in this chapter.

The communitth ased approach | ies at the heart of the MAESHA
sustainability. This also means that relevant commureds, such as the demand for better eraeggss, must be considered from
early stage on. Disregarding the local context ardmdphasizing community needs bares the risk of MAESHA tssieg as intellectu
or elitist project which is dedicated ortly wealthy and educated individuals. Hence, a fair and just distribution of the benefits
from the project serve as benchmark for accomplishments of MAESHA in the region.

Further, according to community representatives, the level of awarenesniwable Energy Technology (RET) is low. For mg
RET is expensive and only for wealthy people. While the issue of climate change has gained much relevance in centnad
educated circles, the topic is given much less importance to by commauwvtitgestruggle to meet their basieeds. Demonstration sit
which focus on the better provision of energy to residents, especially those who find themselves in precarious livorgscoaditiav
a major impact. They serve as good examples for thessitility and potential benefits of renewable energy and to help establig
into local authorities and even into the European Union. Vigikéenples of RET in vulnerable and marginalized communities ar
for their further adoption and ultimatelgr combating climate change and energy poverty. The Use Case Energy Access also
the Sustainable Development Goal set by the United Nations, namely SD@é, mos ur e access to affo
modern energy for all .o

Due tolegal constraints, some of the a&emost affected by energy poverty are difficult to include in the project, as resident|
do not own the property rights of the land they live@onsidering this barrier, we identifitliree possibléarget groupsvho may benefi
from the Energy Access use case.

1. Legal communities with no connection to the main grid. Note however that most legal settlers are already conne|

main grid

2. Legal communities who are connected to the main grid, but an upgradecohtiection is needed, e.g., if existing li
are congested

3. Farms or agricultural areas with no anergy access/connection to the main grid

Perspectives for solar community / collective sefonsumption
A first assessment related to Energy Accessréasaled that there is high potential for residential solar technology, poss
combination with social housing and resettlement programs, set up by municipalities.

Example of a potential Local Energy Community (LEC) in Majicavo Koropa (Cioafngou):

The city of Koungou is currently carrying out a resettlement program, to relocate marginalized communities frome
settlements to loveost houses (See image below). These houses can be equipped with solar panels which can be anaimainage
by the inhabitants of the houses. By forming a Local Energy Community, inhabitants can exert agency under the umbrellegail
entity, such as an association. Thus, they can collectively decide over investments and other relevant issues.

common are Energy Gaperatives who are involved in collective setinsumption. Publi®rivate Partnerships are also fresptly found,
where a public institution such as the municipality can support the LEC either financially or by other means such as$sgjalg
Further, LECs can set up awareness campaigns on energy savings, provide energy services such as deachadisiti® and energy
auditing or reinvest generated income in a neighborhood electric vehicle fleet. Thus, they play an important partsitidngdrargree
energy infrastructure and enable citizens to become an active part of the energy system.

Local Energy Communities can be involved in a variety of different tasks and come in different legal forms and conthbal]

In the case of marginalized communities such as in Majicavo Koltlepaptlaboration with local public actors is crucial to overc
different entrybarriers to Local Energy Communities. The nature of these barriers stem from financial restraineckraheducation
trust and/or other capacities. It also helps overcoming some of the substantial legal issues around informal settlsraeaitsrithis
step towards introducing marginalized communities to Renewable Energy Tedbsalud) helps buidling capacitiedor active energy
citizenship. At the same time, it empowers vulnerable communities to harvest the potential economic and social benefissic|
technologies introduced by MAESHA, bringing them at the forefront of the broader aodiahergy transition aimed for in MAESH
Ultimately, these communities can become role models in the region and inspire others to follow their example.

22 Energy communities can provide services to system operators only if connected to the main grid (second category of
identified targegroups)
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Within MAESHA and toassist the development of a demonstration site in Majicavo Koropa in the city of Koungou, it is p
to call upon a French metropolitan association called Sol Solidaire which develops solar projectimssetiptior? in social housing
This associéon helps to fight against energy poverty by financially supporting the installation and operation of photovoltaic pas|
of social landlords, on the site of lenent buildings, with the aim of supplying the occupants with free solar electriciyged on site

Membership to this association is in the form of candidatures to a call for tenders launched every year between Sep
December. Candidates (usually landlords and/or public authorities) commit to supply the energy of the ingiaifeiorenants. Th
city of Koungou could apply for this call for tendeirowever, the PV power capacity installed should be between 10 akd\g5t be
eligible for the call for tenders.

Installation and operation of PV power plants are financially supported by the association, which funds are suppliedrsy
Funds are collected in metropolitan France but camskd for projects located in Mayotte. For our project, the sponsor could ind
be local authorities of Mayotte through various companies. Local authorities of Mayotte (Department and Region) can
companies if the objective of the subsidy cenms the development of renewable energies (like installation of PV panels). This
would then be conditioned to the payment of a part of the profits of these companies to the association Sol Soliddatebdtraiteg
that the association Sol $tdire does not carry out any economic activities, so this aid does not fall within the scope of the re
on state aid.

Perspectives for Power to Hydrogen to PowdP2H2P

Anotherperspective is the use of Power to Hydrogen to Power (P2H2P) Techndiege communities with insufficient accesg
electricity are provided with a fuelell and hydrogen supply which ideally is produced from RES (Renewable Energy Source
electrolyser connected to the main grid. Note that the energy mix in Mayattid heavily based on fossil fuels which means tha
hydrogen cannot be considered green yet. However, as the transition to Renewable Energy in Mayotte progresses, thgdpogen
becomes greener as a result. In the best case, the instaifatienP2H2P technology will be accompanied by the installation of a|
plant, which compensates for the additional use of electricity.

As it is the case for residential solar energy, the provision of P2H2P can be accompanied with the formdeoentietfal entitie
forming Local Energy Communities. Both residential solar panels and P2H2P can bring benefits to localities which areated ¢g
the grid, e.g., agricultural areas. Besides, P2H can provide flexibility services to the maia.gridréquency control), by takif
advantage of the quick raryps and ramyglownsand the power range of operation of the electrolyser.

This works as follows: A fuel cell is installed in an area where there is no connection to thgrichadm it needs to be upgrads
The fuel cell would then be fueled with hydrogen which is transported from the production site where the electrolysectisctto th
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main grid. Local people can be trained in the maintenance of the fuel cells, or even the transport of the hydrogeddorolyiser tg
the fuel cell. This opens many opportunities to combine the provision of electricity through imadsahnology and the communt
based approach and formatiohEnergy Communities in MAESHA.

Community

Remote
Energy

supply

Storage
and
transport

_ H2 bottles Fuel cell
electrolysis
Grid
1.5 Key performance indicators
Key performance indicators
I D Na me Description Ref erence t
use case 4@
KPI INumber of LECs creat>10 Extracted f
Agreement
KPI 3Decrease of illegal [-30 % Extracted f
devel opment Agreement
K P 1 7 Share oincome of households spent on <15 % Extracted f
electricity bill in LEC Agreement
K P 1  7Direct and indirect job creation from the >100 Extracted f
project Agreement
K P11  &§Number of local people involved in Mayotte | >2000 Extracted f
through conmunity-based approach Agreement

1.6 Use case conditions

Use case conditions

Assumptions

T At | east , one | ocal community should be interested
T Communitiest sihhotudrdedei nto a Local Energy Community
T PV panels should be installed in the community

1 Electrolyzer should be connected to the main grid t
T Fuel cell should be installed in the community to t
T Transpdhret hyfdrogen from the electrolyzer to the fuel
f Electrical install ation from the fuel cel | to the d
T Best case: community is enabl ed to i nAcdeelp e nsdoel natrl yp atnae
T Best caemewhdde energy to the grid in the same amou

Prerequisites

23 The collective seltonsumption regime, defined in article L.325f Code dd 6 E n,eautlpiizes one or more
electricity generators to providgectricity, for free or against payment, to one or moyasumers.

D1.1 www.maesha.eu 9 130



AESHA

1.7 Further information to the use case for classification/mapping
Classification information

Rel ati on to the other use cases

The AEnergy Accesso UC is quite independent from ot haenm 4
participate i the AFrequency Control o UC and both sdlhe
benefits for the LEC can thus be extended (e.g. sybtemnc

=

Level of depth
Hi grevel Use Case

Prioritization

Generic, regional or national relation

Generic

Nat undeofuse case

Further keywords for classification

Access to electricity, electrification

1.8 General remarks

Gener al remar ks

2 Diagrams of use case

Di agram(s) of use case
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3 Technical details
3.1 Actors
Actors
Grouping Group Description
Business Actor Physical or | egal person that has his
Logical Actor Technical entity that takes part in the execution of a use case. A logical actor can be mappeg
physical component
Actor name Actor type Actor description Further information specific
to this use case
LEC Business A Local Energy Community (LEC) is defined as a legal entity
Actor which is involved in the production and/or seinsumption of
(renewable) energy. The LEC may be involved inrtteéntenance
of solar plants or the Fuel Cell, as well as in the transport of
hydrogen bottles from the electrolyser to the fuel cell.
DSO Business The Distribution System Operator is responsible for the
Actor management and maintenance of the distribugiad. At the same
time, it will be responsible for the management and maintenan
of the electrolyser.
Municipality Business The municipality may be a relevant actor which mediates betw|
Actor the LEC and the DSO, and can act as a partrigedfEC,
offering support and financial means.
Solar Plant Logical A solar plant is a production asset, allowing the transformation
Actor from solar energy to electricity.
Electrolyser Logical The electrolyser converts electricityligdrogen. It is placed near
Actor the main grid and can provide different flexibility services to thg
main grid, e.g., frequency control.
Fuel Cell Logical The fuel cell reconverts hydrogen to electricity. It is fed with air
Actor and hydrogen which is transgied from the electrolyser to the
fuel-cell in pressurised bottles.

Please note that the scenarios, information exchanged and requirements sections were not filled for this use cadg, as it most
relies on electrical process.

Common terms andiefinitions

Common terms and def.i

nitions
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Term Definition

DER Distributed Energy Resource
DSO Distribution System Operator
GDP Gross Domestic Product

KPI Key Performance | ndicator
LEC Local Energy Community

P2H Powe#lydr ogen

P2H2P Powe#ly dr & gPeornwe r

PV Photovoltaic

RES Renewabl e Energy Sources

RET Renewabl e Energy Technology
SDG Sustainable Development Goal
SGAM Smart Grid Architecture Model
TSO Transmission System Operator
uc Use Case
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