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The ARREMPOWEREDO ©project aims to develop and demon
energy solutions for islanded/isolated communities. The main goal is to foster the energy

transition of local energy systems based on multi-energy Microgrids, interconnecting multiple

energy vectors. From planning, to optimized management, electric vehicles, and demand side

management but also community engagement and digital solutions, the RE-EMPOWERED

project tools will upgrade the local energy systems of the European and Indian demo sites.

The overall objectives of the project are split in three main pillars. First, it aims at achieving highly
efficient and reliable energy systems with increased renewable energy sources (RES)
penetration, and high flexibility. The second objective refers to the ambition of the project to
provide the local communities with tools for economic and social development, through a
sustainable energy system, based on local resources that protects the environment and delivers
unhindered energy access. The last core ambition of RE-EMPOWERED is to create a platform
for knowledge exchange between EU and India, to achieve replicability and scalability of its
accomplishments.

To achieve the projectds objectives, thafourdema ensi ve
sites was conducted, which resulted in the identification of goals that each demo aims to achieve,

but also the main obstacles and challenges (technical, financial, social, or regulatory) that might

occur in the process. Based on the analysis, a set of Use Cases were defined for each of the

proposed technical solutions (i.e. tools), that describe in detail the functionalities and services that

will be provided, to tackle the issues of each demo site, and foster sustainable energy transition.

The Use Cases are then mapped with the demo sites, to indicate where they are going to be

implemented and tested. A comprehensive analysis of the Use Cases is presented in the

Annexes, covering the functionalities, requirements and step by step analysis for all the tools.

The defined Use Cases present functionalities or services provided by the tools, that can be
demonstrated and tested in the field, that can also be assessed and measured through
appropriate indicators. The tracking of this process will be performed through Key Performance
Indicators (KPIs), that have been preliminarily defined in the document. The KPIs are associated
with Use Cases and will be re-iterated in the assessment phase, to finalize the relevant indicators
and evaluation process.

The results of this work will serve as foundations for the definition of RE-EMPOWERED tools
system architecture, but also will be used as guidelines in WP3, WP4 and WP5 in the
development of the tools. Finally, they will be utilized along with the KPIs in the demonstration
and assessment activities of WP7 and WP8.

Use Cases, Key Performance Indicators, Demonstration, Smart Grids, Energy islands, Local
Energy Systems, Bornholm, Kythnos, Ghoramara, Keonjhar, ecoEMS, ecoMicrogrid,
ecoPlanning, ecoDR, ecoMonitor, ecoPlatform, ecoCommunity, ecoResillience, ecoConverter,
ecoVehicle
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1 Introduction

1.1 Purpose and scope of the document

This deliverable refines the high-level objectives of the RE-EMPOWERED project and defines
the conditions that need to be fulfilled, for each tool to be developed. To fulfill the objectives, the
set of solutions that are going to be developed will be tailor-made to the needs of each
demo, thus the comprehensive descriptions for each tool are presented in this deliverable. Also,
descriptions of the demo sites based on a conducted survey and additional information provided
by the demo leaders, are presented.

The survey facilitated the acquisition of details aboutthe existing local energy
systems (LES) (consumption, production, available energy vectors, connections with the external
grid, etc) of the demo sites, as well as the planned installations, stakeholders and citizen
engagement planned in the framework of RE-EMPOWERED. Furthermore, information was
acquired about the potential issues and obstacles to the LES, which was used to customize some
of the toolsd functionalities, to support the

Apart from the provision of information related to the tools and demos, the document defines a
methodology  for  the Use Case (UC) definition, delivers detailed description and
explanation of the UCs of the tools, and presents the mapping of the UCs to the Demo sites.
These are the outcomes of activities related to Task 2.1 iDemo Analysis and Use Case
definition/surveysoand will provide input to other tasks of WP2 fiFoundations and innovation
analysisq specifically Task 2.4 fiTtechnical architecture designdand Task 2.5 fFunctional
specifications of the tools and solutionsa

Last, the preliminary description of Key Performance Indicators (KPIs), which is the outcome of
activities related to Task 2 .2 fKPI analysis i Implementation and evaluation plandis within the
scope of this work. The outcome of this gask will be utilized to elaborate on the guidelines for
implementation and evaluation of the demo activities, feeding the activities of Task
7.1 Deployment and demonstration activities planningg Task 8.4 firechnical and economic
assessment of demos and toolsdand Task 8.5 fSocial and environmental assessmenta

1.2 Structure of the document

Section 2 set the objectives and high-level UCs, describes the nature of those (Technical, Socio-
economic, Coordination) and provides a brief explanation and description of each of them. Then,
a description of the functionalities of each tool is presented, as well as the associated targets for
RE-EMPOWERED (section 3). In section 4 information about the four demonstration sites are
presented, along with the results of a dedicated survey, aiming to further analyze their
status. Section 5 describes the utilized methodology for the definition of Use Cases, that will assist
in the development, testing and demonstration of the tools. Section 6 describes the preliminary
indicators, identified to help the assessment of the developed solutions, and provides an
explanation of the terminology. The document concluded with several Annexes presenting the
detailed information of the work that was conducted. Particularly, the full description of the use
cases for each tool is presented in tables in the annexes.

D2.1 Report on requirements for each demo, use cases and KPIs definition [9]
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2 RE-EMPOWERED Objectives

The overarching goal of RE-EMPOWERED is to develop a set of solutions for efficient,
decarbonized and RES-intensive multi-energy local energy systems. Special focus will be given
on exploiting synergies among energy vectors, increasing demand flexibility through customer
engagement using digitization that will foster an active energy community via sustainable
business plans and investments.

The solutions of the toolset will be tailored to the specific needs of four pilot cases in the EU and
India but will aim at a wide target group for replication and exploitation in both the developed and
developing world. Bornholm (Denmark) will focus on unlocking the demand flexibility for higher
RES utilization in grid-connected islands; Kythnos (Greece) will target at increased whole system
efficiency and digitization with reduced imported fuel and RES curtailments for non-
interconnected islands. Kythnos demo also includes the Gaidouromantra microgrid, a 100% RES
system, which will be upgraded. Ghoramara (India) will explore a newly built 100%-RES
standalone system for the island aiming at improved energy access for sustainable community
development. Keonjhar (India) will examine the upgrade of the existing rural microgrid towards
higher energy availability and affordability and improved local air and water quality.

RE-EMPOWERED objectives are organized in 3 pillars, each one comprising a set of sub-
objectives or High-Level Use Cases (HLUCSs). The first pillar includes 4 Technical HLUCs, the
second pillar 3 Socio-economic and the third pillar 2 Coordination HLUCs. For their identification
they are presented in Table 2 color-coded.

Table 1 RE-EMPOWERED Objectives

Objectives
Tag Name Description
Increased energy The objective is to achieve a highly efficient and reliable
KM eff_ic_ien_cy, RES energy system wit_h _increased_RES penetration and high_
utilization and flexibility, that exhibits competitive performance over available
reliability commercial solutions.
The ambition of RE-EMPOWERED is to provide to the
community the tools for economic and social development,
Fostering sustainable | {hrough a sustainable energy system based on local
B H and economic resources that protects the local environment and delivers
community . :
development unhmdered energy access, health benef.lts gnd a good return
on investment. Tools that drive these objectives are eco-{DR,
Monitor, Community, Vehicle}.
The RE-EMPOWERED consortium involves world known
Exchange, experts in energy islands, which combined with the
B O repll_c_abl_llty and differentiated focus and development level of the four pilot
scalability in EU and . : . . .
India cases will render this project an ideal EU-India platform for

knowledge exchange and use case replicability.

D2.1 Report on requirements for each demo, use cases and KPIs definition [10]
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Table 2 RE-EMPOWERED High Level Use Cases

High Level Use Cases (HLUC)

Tag

Name

Description

HLUGL

Optimal
operation, high
flexibility and
efficiency

By identifying synergies and co-optimizing different energy
vectors and uses (electricity, district heating, irrigation, transport
etc.), the toolset aims to achieve higher overall system efficiency.
Special focus is given on demand side management, aiming to
unlock the demand flexibility by incentivizing customers
engagement, which has great potential at all sites. By improved
forecasting and multi-energy scheduling, the project aims at
optimal operation and reduced variable operating costs for the
energy system.

HLUG

Higher RES
penetration and
utilization

The energy system fostered bythep r oj e c t ®as atitscard
renewable energy, mainly solar PV and wind, due to their local
availability and very competitive costs. The solutions aim to
leverage multi-energy coupling and demand-side flexibility
towards higher RES utilization and less curtailments. This is
particularly important in RES-based systems, such as Bornholm,
Kythnos, Ghoramara and Keonjhar.

HLUG3

Reliable and
resilient
operation

Reliability is among the top concerns in rural microgrids, seriously
challenging the customers confidence for energy service
provision. RE-EMPOWERED will build upon the par t
expertise on microgrid operation and stability, to deliver highly
reliable energy systems with minimum interruptions and improved
power quality. In addition, resiliency is a new major goal of this
toolset, aiming at a system design to withstand cyclones of up to
level 3. This will address a long-lasting problem in large parts of
India.

HLUGA

Digitalization
and ICT
deployment

RE-EMPOWERED carries concrete steps towards a digitized
energy system, providing a complete set of digital solutions
targeting the full range of stakeholders, from the operator to the
customer. Embracing an IoT philosophy and aiming to unlock the
true potential of customer engagement, data security and
protection will be integrated in the heart of the RE-EMPOWERED
toolset.

HLUGS

New competitive
business
models and
financial tools

New business models will be designed capitalizing on the added
value the developed tools bring to new (e.g. Ghoramara) and
existing (e.g. Kythnos) energy systems. The added value
concerns reduced capital and O&M costs towards sustainable
subsidy-free investments. The experienced partners in the project
will develop exploitation plans that account for the entire value

D2.1 Report on requirements for each demo, use cases and KPIs definition
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chain and the regulatory framework in each region and with the
appropriate financing tools for the EU and India side towards high

replicability.
Major objective of RE-EMPOWERED is to achieve very high
levels of customer engagement. ecoCommunity will raise
Community awareness on the energy prospects and savings and will form a
HLUGS engagement multi-directional channel for sharing experience and training
and training among the members of the community. The tools will be as simple
to use and maintain as possible, to be largely managed by the

community.
Improved RE-EMPOWERED will contribute to energy-disadvantaged
energy access | communities, especially in India, by providing improved access to
HLUE? and clean, affordable, and reliable energy with substantial social and
environment health benefits. Special focus will be given to the water quality,

quality that will be monitored and controlled via the ecoMonitor tool.
RE-EMPOWERED will form two main channels for knowledge
Knowledge sharing: short-term research exchanges among the consortium
HLUG3B trz)i(rfirrllgnk?eivtggn members to build upon the complementary expertise, and local
=U el lele workshops in the pilot sites to train and engage local people,
receive feedback, and learn from the activities.
Use case The lessons and use cases extracted from the four demonstration
HLUGO replicability sites will be made available for sharing and training in other
across EU and | islands through channels, like European Utility Week and
India European DSO association (EDSO).

RE-EMPOWERED Tools

The overarching goal of RE-EMPOWERED is to develop a set of solutions for efficient,
decarbonized and RES-intensive multi-energy local energy systems. Special focus will be given
on exploiting synergies among energy vectors, increasing demand flexibility through customer
engagement using digitization that will foster an active energy community via sustainable
business plans and investments. The solutions of the toolset will be tailored to the specific needs
of four pilot cases in the EU and India but will aim at a wide target group for replication and
exploitation in both the developed and developing world. The following sections briefly describe
each of the solutions to be developed, their scope and objectives. Further analysis of the tools
and the defined Use Cases are presented in Section 5, while their full descriptions are presented
as Annexes at the end of the document.

D2.1 Report on requirements for each demo, use cases and KPIs definition

[12]



[ 1§

RE-EMPOWERED
Renewable Energy EMPOWERIng

3.1 ecoEMS

ecoEMS is an Energy Management System aiming at optimizing the overall performance of
isolated and weakly interconnected systems in liberalized market environments by increasing the
share of RES. ecoEMS considers storage facilities and provides advanced on-line security
functions, both in preventive and corrective mode. More specifically, the EMS is a modular system
comprising, load and RES Forecast, Unit Commitment and Economic Dispatch and on-line
Security Assessment functions.1't serves the operatorsé goal
the energy mix for economic and environmental sustainability. The experience in the Greek
islands shows that reaching an annual RES penetration up to 30% is easily achieved without
significant additional investments in specialized equipment/EMS. Further increase of the RES
penetration however might create operational problems, which could even lead to black outs,
while RES penetration higher than 40% requires installation of storage. The goal of ecoEMS is
the full exploitation of the RES potential (i.e. RES penetration levels above 40%) at reasonable
costs in isolated electricity systems.

The basic functionalities of the tool were developed in various EU research projects starting for
the CARE-More Care where the first version was developed and demonstrated in Crete, Greece
and partially in Ireland. Next in Anemos.plus the forecasting algorithms were further enhanced
and stochastic unit commitment algorithms were integrated. In the Sustainable project the tool
was demonstrated in Rhodes Island and in TADNI (funded by GiZ/iBMW) a prototype was tested
in the same island adopting a Unit Commitment Module fully compatible with the Greek Code of
Non-Interconnection Islands. Finally, in the Kythnos Smart Island Project integration with
desalination units will be demonstrated as well as new functionalities reserve limits. The tool has
connectivity with commercial SCADAs using DNP3, OPC, Modbus, IEC61850, ICCP and CIM. It
was developed using technologies such as Angular/AngularJS (previously Silverlight), C#, SQL
Server and GAMS

The goal in this project is to integrate in the system operation the new types of flexibility coming
from Demand Response (DR), Electric Vehicles (EVs) and the coupling with other energy carriers.
The goal is to reduce RES curtailment and maximize the overall system efficiency. More
specifically, the flexibility will be used not to stress the ICE (Internal Combustion Units) close to
their technical minimum, which is the main cause of RES curtailment. OCPP V2 for the
communication with EV charging stations as well the KNX for the integration with Battery
Management System (BMS) will be adopted and tested in real environment.

3.2 ecoMicrogrid

The ecoMicrogrid tool will focus on the development of an advanced energy management system
for microgrids. Advanced management algorithms will be deployed that will optimize the
performance of the microgrid, namely cost and DER optimization, taking into consideration
synergies with other vectors like water management and cooling systems. The ecoMicrogrid
solution will monitor the state of the microgrid components, such as RES production, flexible
| oads & don, ard batteryt storage charge level and forecast its short-term development.
An optimization procedure will dictate the required actions like load shedding, diesel generator

D2.1 Report on requirements for each demo, use cases and KPIs definition [13]
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start-up/shut-down and RES power curtailment according to the desired optimization goals. In
addition, smart meter-based outage detection and location algorithms will be developed.

Optimization algorithms and basic hardware infrastructure are currently being developed at the
Kythnos Smart Island (KSI) project by ICCS-NTUA and will be complemented by the work
performed at the RESCUE and UKICERI projects. At the KSI the microgrid management solution
is being developed in accordance with standards for microgrids like the IEEE 1547.4-2011 and
|l EEE 2030. 7 AnStandar d Mocr ddrei ds pean tfri claltd romdo odn
communication protocols like the IEC 61850 and DNP3. During the KSI project laboratory
validation will be performed via Hardware In the Loop (HIL) simulations at ICCS-NTUA premises.

At the RE-EMPOWERED project, the energy management tool will be upgraded to a complete

industrial solution in close cooperation with industrial partner PROTASIS, including all the

necessary infrastructure (controller, communications, servers, etc.). New functionalities for

synergies with other energy vectors, like water management and cooling systems will be

developed and integrated in the ecoMicrogrid solution, tailored to the pilot sites. The new
functionalities of ecoMicrogrid will be designed according to industrial standards for microgrids

like the IEEE 15474-2011 and | EEE 2030.7 #AStandard for t h
Controllersodo continuing the work already done in t
will be based on validated industrial hardware and communication protocols, like the IEC 61850

and DNP3. The hardware solution will be developed making use of cutting-edge information and
communications technology (ICT) for contemporary industrial applications. Automation and

control components will include embedded multi-core processors characterized by multithreading

capability, whereas data concentration, management and visualisation will be achieved by means

of modern communication protocols. Cybersecurity features will be provided as well, ensuring

resilient operation of critical power assets. ecoMicrogrid will be demonstrated at all four pilot sites.

Prior to the field deployment, validation and testing will be performed at the ICCS-NTUA

laboratory via Hardware in the Loop (HIL) simulations following the IEEE203 0. 8 fA St andar d
testing of Microgrid Controllerso.

3.3 ecoPlanning

Energy Planning is a software tool developed by the Electric Energy Systems Laboratory of NTUA
serving as a tool for performing simulations that support the decision-making process regarding
the deployment of new electricity generation units (conventional and renewable) in the electrical
systems of Non- Interconnected Islands (NIIs) in a mid-term horizon. To this purpose, the tool
allows defining scenarios pertaining to the electricity demand forecast and the composition of the
electric system (types of production units, technical and economic characteristics, operation rules,
etc.). Additionally, it allows performing the following types of studies: 7-Year Energy Planning for
assessing the deployment plan of new conventional production units. RES Hosting Capacity for
assessing the hosting capacity of Renewable Energy Sources in the electric system.
Interconnection Assessment by performing steady state simulations of the electric system to
evaluate the interconnection advantages and reports (in aggregated and analytical format) the
operation of the production units and several results pertaining to the energy production in terms
of quantity, fuel consumption and cost, CO2 emissions, etc
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The tool was developed during various EU and National Funded projects. The starting point was
the CARE/MORE Care projects where the Unit Commitment Algorithm was developed, followed
by several functionalities developed by funding and cooperation with the Greek DSO, which is
responsible for the management of the Greek Non-Interconnected islands. . During TADNI
(funded by Giz/iBMW) functionalities for the assessment of interconnections have been
integrated. The software is in compliance with the Greek Regulation and the Code of Non-
Interconnection Islands. Currently, all studies for new thermal capacity and the assessment of
RES hosting capacity in islands are conducted with this tool. The tool was developed using
technologies such as Angular/AngularJS (previously Silvelight), C#, SQL Server. Furthermore, it
has connectivity with GAMS. Reports can be exported in different formats: MS Excel, MS Word ,
PDF and csv

During this project, the goal is to expand the functionalities considering the flexibility provided by
DR and other energy carriers, such as cooling. The tool will identify the additional RES hosting
capacity as well as the possibilities on investment deferral for new conventional units.

3.4 ecoDR

The ecoDR tool focuses on the development of advanced metering infrastructure (AMI) with inbuilt
load controller and protection functionalities. In addition to measurement and billing of household
energy consumption, it will facilitate remote monitoring and control of non-critical loads based on
user preference. This tool will be capable to communicate with ecoPlatform tool to access
services such as demand-side management, to implement scheduling of critical/non-critical loads
via load shedding and to access dynamic electricity pricing tariffs for computation of the energy
cost of residential loads.

Under EDMISSIBLE project, a prepaid energy meter with programmable load limiter was
developed by CSIR-CMERI. An algorithm was developed to maintain data consistency by
avoiding corruption due to interruption in power supply during a write operation of non-volatile
memory. The Operated Prepaid Energy Meter was designed in accordance with IEC 61036 and
IEC 62053-21. Technology was licensed to two companies namely WBREDA in 2004 and EP
meter Pvt Ltd in 2013. There was also a patent granted, namely WIPO(PCT) Publication :
W0O2008/059528 A2.

Through RE-EMPOWERED project, the energy management tool will be integrated with other
tools, such as ecoCommunity via ecoPlatform in close cooperation with other project partners.
ecoDR will add new functionalities to measure electrical energy consumption and time stamp it
for computation of cost of electrical energy consumption from real time pricing data received via
ecoPlatform tool, and communicate the computed cost to the ecoPlatform. This tool will also have
programmable load shedding controller to disconnect the load in case the energy demand
exceeds the predefined threshold limit, and this threshold limit is being received via ecoPlatform
tool. Further, ecoDR will implement improved functionality for load scheduling for critical/non-
critical loads based on the information received from ecoPlatform tool. ecoDR will be designed
with respect to Indian/IEC standards for smart energy meters like the IS 13779/IEC 61036 for
power consumption and IS-15959/IEC-62056-2 1 fiData exchange fong, el ectr
Tari ff and Load Control 0.
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3.5 ecoPlatform

The ecoPlatform will be a lightweight cloud-based platform with a focus on interoperability. One
of the primary objectives of the platform is to provide the RE-EMPOWERED tools with a secure
and reliable interface to the deployed distributed energy infrastructure. In addition, the
ecoPlatform will be capable of managing, processing, and handling the heterogeneous data and
command stream from the RE-EMPOWERED tools, metering infrastructure, SCADA systems,
MGCC (Microgrid Central Controller), edge devices, and selected controllable assets. In other
words, the Eco platform can serve as an intermediary for software-based tools to convey
commands to controllable assets, either directly integrated into the Eco platform or indirectly via
other tools developed in the project. In this way, ecoPlatform can assist the operation of the other
tools for data exchange and cooperation. To sum up, ecoPlatform will provide a Platform as a
Service (PaaS) that can integrate all the solutions in one software structure. This will enable the
customers or operators to freely customize the applications and acquire the data streams needed
for operation. Also, the ecoPlatform will be able to translate the data and messages from the
interfaces into a common data model. Finally, the transfer access will be authenticated and
authorized by the eco platform to ensure security.

Furthermore, ecoPlatform will also serve as a data storage hub for dependent tools. ecoPlatform
will facilitate short-term storage for data and command stream requiring low latency. The data
stream, microgrid states, and commands necessary for real-time processing need to be routed to
storage optimized for fast access. However, longer-term data that are not time-critical will be
routed to cost-effective storage, which is comparatively slow to access. Such data will be
redirected to cost-effective storage. API's will be provided for accessing the data archived by
ecoPlatform.

3.6 ecoMonitor

The ecoMonitor tool focuses on the surveillance and monitoring of drinking water quality
parameters and deployment of water purification plant. Within the RE-EMPOWERED project, the
water samples will be collected and based on water quality analysis, a community level solar
powered water purification plant will be deployed to provide safe drinking water to the residents.
Further, water quality parameters such as conductivity (salinity), dissolved oxygen, and
ORP/Redox etc, water temperature and pH level etc will be monitored periodically. CSIR-CMERI
has previous experience in development different water purification technologies including high
flow rate iron and fluoride removal plant, multifunctional adsorbent based integrated water
filtration unit for removal of ground water fluoride microorganism with supported handy fluoride
level detection kit and proper management of generated sludge etc. These are being deployed in
different parts in India.

3.7 ecoCommunity

ecoCommunity is a digital platform developed aiming to enhance citizen engagement, active
participation and technology acceptance in the four demo sites. The main functionalities of
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ecoCommunity are dynamic pricing mechanism for residential loads, management of non-
critical loads, electronic billing, payment and a feedback portal. A few industry level tools are
currently available with functionalities like demand side response and direct load control.
ecoCommunity will contain advanced functionalities and is tailored to the special requirements of
energy-disadvantaged communities, such as the ones in India and other developing countries.

The dynamic pricing mechanism is simple (color coded, time zones) to foster technology
acceptance, while the tool facilitates coordination of communal energy uses (e.g., irrigation
electric pumping). Customers can schedule their loads easily based on the color-coded slots
information. Billing and payment information will be provided to the customer in this platform. More
functions, such as the interaction forum and digital walkthroughs will also be present in this tool.
ecoCommunity aspires to be the main contact point for all technical and social interactions of the
residents with the energy system laying the ground for customer engagement and coordinating
communal uses. Guidance and training material will be provided in this tool to ensure effective
operation and maintenance of the tools and equipment in the microgrid.

The goal of ecoCommunity tool is to bring together the residents with the energy system as
members of an energy community. This tool helps the customers to be technology familiar and
increases the friendliness of using other tools. The users can access this tool on their mobile
phone or other electronic devices. The major functions of this tool follow:

1 To allow the consumers to access their energy consumption data, billing information and
facilitate to make payments. The variable electricity prices incentivise time-shifting of
household loads in order to increase energy efficiency.

1 To enhance energy community functions such as coordination of communal energy uses
among its members (e.g., several farmers need to agree when and how much they will
use the common pump for irrigation).

1 To foster community engagement with functions like a forum where users can report
problems, recommend suggestions, and share experience on the energy system.

9 To provide easy-to-use training material in the form of multimedia and step-by-step
guides for the information of customers and technicians. The ambition is that
ecoCommunity becomes the contact point for anything related to the system, including
how to use and maintain its various components. Security and privacy of personal
information is central in the tool.

3.8 ecoResillience

The ecoResillience tool will focus on the development of the cyclone resistant support structures
for both ground-mounted solar PV arrays and wind turbines. Most of the commercially available
supports for ground-mounted solar and wind turbines are designed with a maximum wind speed
of 50 m/s (~ 110 mph). Further, there is no any passive mechanism available to reduce cyclonic
loads on the ground mounted solar panel. The RE-EMPOWERED project aims to optimize the
PV configuration to reduce the aerodynamics wind loads through numerical simulations, wind
tunnel testing, and field tests. Passive aerodynamic control surfaces will be incorporated on the
PV arrays to minimize the wind loads, which helps in a significant reduction in the support systems
cost. For wind turbines, cyclone resistive hybrid structure whose height can be reduced to
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minimize the wind loads and also to remove blades at extreme climatic conditions will be
designed. The loads on the hybrid structure will be examined through numerical simulations to
optimize its geometrical parameters. The wind turbine will be manufactured locally, using
experience with the assistance of local technicians and community members using the available
resources of the region, thus allowing for maintenance to be performed quickly with reduced down
time and increased resilience.

In CSIR-CMERYI, the effect of wind loads on several variants of solar trees, solar umbrella, and
solar thermal concentrator disc was examined for different in-house projects. The optimal
configurations of structures were proposed through numerical simulations and wind tunnel testing
prior to the field deployment at the pilot sites. CSIR-CMERI had also performed failure analysis
of the 225-ton Manitou crane boom at the SK mines project for Hindustan Zinc Ltd. ICCS-NTUA
has extensive experience in the local manufacturing of small wind turbines for rural electrification.
The Rural Electrification Research Group (RurERG) of ICCS-NTUA has developed and field
tested a robust domestic wind turbine design (ranging from 500 W to 3 kW) that has been
deployed in several projects around the world for the electrification of remote communities in
collaboration with local partners, such as the National Institute of Wind Energy (NIWE) in India.

Through the RE-EMPOWERED project, passive self-adaptive solar array structures for ground-
mounted solar PV and height adjusting hybrid support structure for wind turbines will be
developed to reduce the severe wind loads during the cyclone. Additionally, already existing
designs for locally manufactured small wind turbines will be upscaled for higher rated power and
validated using the IEC 61400-12-1 standard in the small wind experimental facilities of ICCS-
NTUA and will be demonstrated in the Kythnos and Ghoramara demo sites. Indian standard for
wind and cyclone loads (IS: 15498:2004, IS: 875 (part 3): 1987) will be considered for designing
the support structures. Usually, the foundation structures are made with M20 concrete as per
1S456:2000. However, a minimum grade of concrete for Reinforced cement concrete (RCC) of
M30 will be used in the present scenario as the Ghoramara island is filled with water during
cyclone conditions. Further Sulphur resisting cement will be used for foundation to avoid chemical
reaction with sea water.

3.9 ecoConverter

This tool deals with the development of Power Electronic Converters and their control for dc/ac
microgrids to cater electricity to the community areas under consideration. Two power electronic
converters, namely DC/AC inverter at 30 kW power level and DC/DC Partial Power Converter
(PPC) for multi-string PV architecture (50 kWp) will be developed under this activity. The purpose
of these converters is to form a local ac grid providing ancillary services and extracting maximum
power from PV panels under partial shading conditions at improved efficiency. The converter
should be modular, plug-and-play, reliable and compact with functions like, built-in
communication, adequate protection, remote control, and display option. The power as well as
control circuit will be mounted on PCB to increase modularity and power density. The converter
will be first built with conventional MOSFET devices and later it will be replaced by SiC switches
to further increase power density. Several such units may be connected in parallel to meet desired
power rating. EMI and EMC generated by the converter should be kept within the specified limits.
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The power electronic converters for dc/ac microgrids were previously developed at 10kW power
level as part of Indo-UK projects, e.g. RESCUES (completed), UKICERI (ongoing). Various two-
level and multi-level converter-based configurations were proposed for PV integration with the AC
grid and were validated through experimental prototypes. A Dual Converter (DC) based inverter
has been developed and demonstrated at 10 kWp power level where a low frequency converter
is employed along with a high frequency converter to reduce losses and foot-print of the complete
system. To improve power quality at improved efficiency, an asymmetric-CHB based multilevel
inverter with single dc-link has been introduced which is also demonstrated in the laboratory. To
achieve better power extraction during partial shading, a configuration of hybrid modular multilevel
converter is developed and experimentally validated. In order to increase power density of the
PV-converters, SiC switches have been used in place of conventional MOSFET switches and the
converter is operated at 100 kHz switching frequency. The entire SiC based converter is built in
a single PCB to address EMI/EMC related issues. Partner Lab Concern (India) has experience in
grid tied inverters and their control in various parts of India. They also have the expertise to
develop digital control platform using FPGA processors.

A plug-and-play type modular DC/AC inverter will be developed at 30 kW power level.
Communication will be provided as an integral part of the converter so that data exchange can be
possible between smart-meters, control-units, and inverters. All components of the converter will
be mounted on a single PCB to minimize EMI/EMC related issues. SiC devices will be used to
make the converter compact and highly power efficient. Relevant control algorithms (e.g. fast
decoupled P-Q control, dc-bus voltage regulation, mitigation of power quality issues, inertia
improvement considering 100% renewable integration, ancillary services) will be developed to
provide various system requirements from the perspective of DC/AC microgrid. Apart from the
inverter, a multi-string configuration will be developed which will integrate 50 kWp PV array with
the dc-grid at improved efficiency. A Partial Power Converter (PPC) will be developed for such
multi-string architecture to ensure MPPT operation under partial shading scenario. The use of
PPC increases overall efficiency of the system as only a small portion (say 32%) of total PV power
needs to be processed through this converter. This indicates that a PPC of 16 kW power rating is
required to integrate 50 kW PV power into the DC grid. A DSP/FPGA based embedded control
platform will be developed to implement the control algorithms, which are required for the
operation of these converters. The above-mentioned converters will be first tested up to 30 kW
power level in the laboratory according to standard test procedure as given in IEC 62477-2:2018,
IEEE 519 -1992, ETD 31, and MNRE protocols.

3.10 ecoVehicle

ecoVehicle considers the development and deployment of power electronics and drives systems
for electric boat, to facilitate green mode transportation to nearby islands from Ghoramara island,
and the necessary charging infrastructure. Nearby islands such as, Nayachar, Kakdwip, Haldia,
Gangasagar, Dimond Harbour and others are around 10-60Kms distant from Ghoramara. The
onboard System of the electric boat will have three subsystems: i) supply system; ii) traction
system; iii) control & Monitoring system. Charging system (Charging station and Battery Charger)
is considered as off-board arrangement to support the mobility. Traction system includes a
traction motor together with a voltage source inverter. Onboard energy and power sources, such
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as batteries and ultra-capacitors together with interface circuits are considered as the component
of Supply system and can be assisted by solar energy through a PV-panel. Control and monitoring
systems include the controllers, sensors, and the communication system for controlled operation.
Whereas charging infrastructure receives energy from the PV-fed microgrid through a community
charging station/charging point at residence. ecoVehicle will develop the sub-system for electric
boat and electric four-wheeler as follows: i) sizing and structure design electric boat for island; ii)
traction motor and VSI together with the required control; iii) mixed supply system (battery, ultra-
capacitor and solar-panel) for improved performance for range extension and battery life
improvement; iv) development of conductive and wireless charger for community charging station;
V) suggestions to address the issue of micro-grid stability due to vehicle charging. Related power
electronics will consider the conventional/ efficient semiconductor switches for energy efficiency
and effective operation.

The above description of ecoVehicle will be updated based on the DST requests by the tool leader
VNIT at the next stages of WP2.

4 Demonstration sites description

4.1 Survey about the status of demo sites

One of the core objectives of WP2 is the definition of project use cases, which will be implemented
and tested in the demo sites. In the definition of use cases the following starting points are
considered:

1 Use cases shall represent testable functionalities of the proposed tools
1 Use cases shall reflect the problems the demos are faced with
1 Use cases shall be realistic, i.e., their implementation shall be feasible.

The process of identifying each of the demo
EMPOWERED will be called to tackle is a crucial task, which will require a lot of iterations between
the demos and the responsible partners for the technical development. Getting an overview of
the characteristics and issues of each demo at the early stages of the project, will enable the
development of tailor-made solutions for each demo. To achieve this, a survey was conducted,
by distributing a custom questionnaire to the leaders of each individual demo. The analysis of the
results provided information for the Use Cases and KPIs definition.

The questionnaire specifically aimed at acquiring information about the technical characteristics
of each of the demosé | ocal energy systems,
but also information regarding the problems the demonstration sites are facing in the development
and operation of their local energy systems.

The questionnaire is divided in two main parts:

A Information about the energy infrastructure and data availability
A Information related to operation of LES and community engagement.

The complete questionnaire is attached as Annex 1 Questionnaire for the acquisition of demo
sitesd i.nformation

In the following sections the demo sites are described, and the results of the survey are integrated
into the descriptions.
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4.2 Bornholm
4.2.1 General description

Bornholm Bornholm is a Danish Island in the Baltic see

e S SO (589 km2 i 40.000 inhabitants). The Island has
in the Baltic Sea . . N
a |l ong hi st-ioslyanal®d fftogsten:c
L technologies, and was in 2020 was rewarded
with the EU ARESponsible Is
large share of renewables in the energy system

v 5 ‘ and innovative projects. Bornholm is

(I : - Q * . connected to the mainland electrical grid, but
G the CHP in RBnne is able to

; o s system in island mode when the seacable is

disconnected. All urban areas are supplied with
District Heating, and the heat is generated with
biomass-boilers, wusing locally produced
woodchips and straw as fuel.

Figure 1 Bornholm Island

The Demo area comprises three towns in the eastern part of Bornholm connected with a District
Heating Network (DHN): Isterlars, Istermarie and (
uses straw as fuel.

Swimming Pool

Gudhjem ndoor S The Demo will provide means for integrating

more electricity from RES, in a community that
already has a high penetration of RES. On
Bornholm a group of citizens, with the support
of the municipality, are now developing a 100
MW Windturbine park (offshore) based on local
funding, to be ready in 2025. New PV-parks are
also planned. This means that in the near future
d the seacable to the mainland will not have
y enough capacity to export electricity produced

PLANTAGE

Gildesbo

— \ from RES in Bornholm, when the production
m Osremf& from wind and sun is high. Therefore ways to
integrate electricity with other energy carrying

Figure 2 Bornholm demo diagram vectors, e.g. district heating and transport, has

to be found, or else it will be necessary to curtail
RES at certain periods and thus waste energy. Most of the communities will face this problem at
some point of time in the future, and it is essential to develop a multitude of solutions for different
energy systems and communities. In the EcoGrid projects partner BV has shown, that it is
possible to engage the citizens and create flexibility in the power grid by controlling household
electricity consumption. i In this demo we will expand the scope to create flexibility and synergy
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in both electrical grid and district heating network, and engage citizens and community to
participate in the project.

Citizen engagement in general

Citizens in Bornholm have invested in energy production for the last 30-40 years. At present there
are about 1.000 households with approximately 8 MW of rooftop PV panels. This high humber is
due to the PVTP Island project I-Ill and favorable support mechanisms up to 2015. There are 50
households with their own wind turbines of up to 25 kW. Both PV and wind turbines are grid
connected.

Creation of local supply chain for renewable energy: U very important local impact is the local
fuel supply for district heating and CHP - straw and woodchips. The current consumption in the
heat plants and the power plant of local produced biomass is approximately 20.000 tons/year
straw and approximately 50.000 tons/year woodchips. With the current price of straw at
approximately 75 G4/t on, and Jvitondad app. ¥580swater); thebs/@lue af the locally
produced fuels are around 4 , 5 0 0, 0 O. Gurtliefrmpre thare is a lot of local labor involved in
production and transportation of straw and woodchips.

A newer 50 kW PV installation at the public indoor swimming pool in Gudhjem has been raised
by crowdfunding among local citizens.

4.2.2 General data about local energy system and energy vectors

Existing infrastructure

Table 3 Existing infrastructure in Bornholm Island

Bornholm island- power qaldSNIFNBR S5AaGNAOG IS
f 37 MW from 35 larger wind turbines. |1 st erl ars Heat Pl ant:
Private and public owned f 4 MW straw fueled boiler (with
8 MW from app. 1.000 rooftop PV condensation)  Production:  18.000
stations MWh/year
1 15 MW from two private PV production 1 2,4 MW electric boilers (backup)
plants _ f 1-2 MW wood pellet boiler (backup)
3 MW from Biogas plant f 80 MWh in hot water storage tank i
Central Heat & Power plant: 1.500 m3
35 MW from woodchip fueled boiler T 93 kW power from rooftop PV
f 58 MW capacity of fossil fuel T 20 MW PV-pl ant near
generation planning) o
60 MW capacity import/export via sea T District Heating Network: | st g
cable | stermari e, Gudhj e

1 Loads: households, trade, institutions,
and a public swimmingpool i totally
600 consumers.
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Figure 3 Bornholm Island 60-kV net diagram

Available enerqgy vectors:

The optimized and decarbonized operation of four energy vectors - biomass, district heating,
electricity, and transport - is highly recommended for the island, so it will be possible to integrate
and fully use increased RES capacity from new PV-plants and wind turbines (offshore)

Biomass (local woodchips, straw, and manure) is a vector for heat- and electricity-production in
district heating, CHP, and Biogas-plant. Electricity is a vector for district heating via electric
boilers, heat pumps, and in the future waste heat from P2X-production. Electricity is also a vector
for transport, directly via electric cars and ships, or indirectly via P2X fuel production.

Renewables:

Bornholm already has a very high penetration of RES today: District heating is based on local
renewable biomass, and a little waste incineration (decreasing). Local electricity production is
based on biomass, wind and sun, and covered 75 % of the electricity consumption in 2020 (see
figure below). The small production on fossil fuels take place on the CHP, in periods when the
sea cable is unconnected, or the Danish TSO, ENERGINET.DK calls for increased power input
to balance the Danish grid.
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Figure 4 Energy mix in Bornholm Island for 2020

4.2.3 Planned installations

- Online data collection from Heat plant and remote control of Electric boilers
- Online data collection from smart meters at a few consumers
- Remote control of Danfoss ECL-computers at a few consumers

4.2.4 Actors involved

- Citizens organizations in the local community

- Consumers where remote control and online data collection are installed

- The Energy Company developingthe 20MW PV-p| ant near I sterl ars
- Staff running the District Heating system

- Partner DTU

4.2.5 Re-EMPOWERED related activities

The Demo will explore the synergies of integrating the energy vectors: Electricity, District Heating

and Biomass, by forecast, balancing, and integration of increasing PV-production via the heat

plant and District Heating Network (DHN). Local services of power control, peak shaving and

optimized use of renewable biomass and solar power, will be demonstrated by means of

intelligent control capability. Forecast of production from PV will be used for the control of the
supplementary 2.4 MW el e beatrplant, dor balnoinglaedrabsorbing 1 st er
fluctuating electricity production, and store it as heat in the district heating system. The case is

replicable in all Islands (and geographical areas) with district heating i with or without a power

cable to the mainland.

Citizen engagement

All the District Heating consumers have digital smart meters, enabling detailed analysis of data
about consumption, temperatures, and flow in the network. The consumers also have hot water
storage tanks, of at least 100 liters, and in Gudhjem all consumers have a Danfoss ECL computer
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installed, that controls the charging of the hot water tanks, and the temperature level of incoming
water to the household radiator system.

Several consumers in Gudhjem will be recruited for the demonstration, and the already installed
Danfoss ECL computer will be upgraded with remote controls, to provide access for demand-
response, for balancing heat input from PV via electric boilers. Two larger consumers are already
recruited: The public indoor swimming pool

Within the RE-EMPOWERED project, the demo aims to achieve a set of goals related to the
project 6s o bj-leveluse vases. Tlraugh thh surydy a first idea of the importance of
each objective, the goals and potential obstacles are identified. The following table summarizes

these results.

Table 4 Bornholm Island demo's information related to the project's objectives

Objective Relevance @To betackled @ Goal for the future Potential Obstacles
in RE-
EMPOWERED
Optimal Very Nice to have | Integration of sector The anticipated specific
operation, high important coupling between PV | balancing/integration/sector
flexibility, and production and coupling of PV production
efficiency district heating and the district heat system
in the Demo will the first of
its kind, and is expected to
produce technical issues
Higher res Very Nice to have | CO2 neutral energy
penetration and important system (power and Not expected
utilization heating) by 2025
Reliable and Very PV peak CO2 neutral energy The anticipated specific
resilient important shaving, system (power and balancing/integration/sector
operation Coupling of heating) by 2025 and | coupling of PV production
power and reliable and resilient and the district heat system
heating: Very operation in the Demo will the first of
important its kind, and is expected to
produce technical issues
Digitization and Very Mandatory New smart systems Cost and development of
ICT important for controlling advanced control
development integrat.ion of system,
fluctuating energy .
from RES in the Upskilling employees
district heating
system.
New Important Mandatory The development of Sector coupling calls for
competitive new business new digital solutions for
business models, encouraging | control and forecast
models and sector coupling is

financing tools
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important to facilitate
the integration of
electricity from a
growing capacity of
RES.
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engagement,
training, and
energy
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development

Very
important

Mandatory

Improved Nice to have
energy access

and

environment

quality

Important

4.3 Kythnos Island

4.3.1 General description

Increased consumer
flexibility that helps to
optimize the District
Heating System

Increasing the
effectivity of the
District Heating
System, by means of
digitalization and
flexibility, resulting in
better economy and
use of less fuel.
Establishment of the
20 MW PV-park will
increase biodiversity
in the Demo-area
and protect the
ground water
resources from
pesticides and
nitrate.

Potential financial
obstacles,

Integration of optimization
strategies for public
infrastructure

Kythnos is a Greek island, (100.2km? i 1,456 inhabitants)
part of Cyclades in the Aegean Sea. It is widely famous

because of its long history

Kythnos has previous experience in

in sustainable energy
applications, since it hosts the first wind farm in Europe,
which was constructed in 1982, and the first microgrid
application in Europe, in Gaidouromantra. In addition,
smart

grid

technologies which have been developed in the frame of
other European projects. For the abovementioned reasons

and because it

remains non-interconnected to the

mainland electrical grid, which is translated to constraint

RES integration, Kythnos is an ideal test bed and
demonstration site for high TRL applications.

A

Gaidouromantra is a settlement built in a small

valley next to the coast, in the southern part of

Kythnos. A permanently islanded microgrid operating

on 100% renewables electrifies the settlement which consists of 14 vacation houses. It is the first
operational

microgrid in Europe developed through European projects and itd s

D2.1 Report on requirements for each demo, use cases and KPIs definition

Figure 5 Kythnos island
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4.3.2 General data about local energy system

1. Kythnos is a non-interconnected Island with the following energy mix:

i Peakload: 3.118 MW

1 No. of electricity customers (end consumers / producers 1 LV): 3,353

1 Installed capacity of fossil fuel (diesel) Generation: 5.2 MW
o MWM TBD603V12: 4 x 0,3 MW
0 MITSUBISHI S16R-PTA: 4 x 1 MW

1 Installed capacity of RE Generation units 908.65kW:
0 3PV power plants of 1x 98.4 + 1x 69.92 + 1x 69.93 = 238.25kW
0 2 Roof units of 1x 19.875 + 1x 9.66 = 5.4 kW
0 Wind stations of 5x 33kW + 1x 500 kW = 665 kW

In 1982, the Installation of the 1st wind park (5 x 20kW) in Europe took place in Kythnos. In 1983,

the first hybrid station comprising a PV system (100kW) coupled with battery storage (400 kWh)

was installed. In 1989, the parkés wind turbines were repl
1992 the PV inverters were upgraded. Later, in 19¢
of the systems installed back in 1980s are not in operation, a new project for repowering the
500kW wind turbine potentially coupled with battery storage to reduce curtailment is currently
ongoing.

In the following table, the total yearly local energy production and the total yearly energy
consumption of the Local Energy System (LES) of Kythnos, based on data of the year 2020, are
presented:

Total yearly local Total yearly energy
energy production consumption

10,058.75 MWh (2020) | 9,166.75 (MWh) (2020)

2. Gaidouromantra microgrid consists of the following assets:

1 14 vacation houses
6 PV arrays of 11 kW
Lead-Acid (FLA) battery bank with nominal capacity 1000Ah/48V
One back-up 3-phase diesel generator of 22kV
Loads (refrigerators, lamps and controllable water pumps) i Yearly peak load: 7.5 kW
Agent-based software/hardware for centralized and distributed control, composed of
Intelligent Load Controllers (ILC) for protection against overloading or extreme battery
discharge in each house.

= =4 -4 4 =9

In Figure 6, the topology of the Gaidouromantra microgrid is presented.
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0%

N RE-EMPOWERED
et Ty SR

varsble Energy
Europsan 4 Inbian Communities

Figure 6: Overview of Gaidouromantra Microgrid..

Gaidouromantra microgrid was the first Microgrid in Europe (2001) supplied by almost 100%
renewable generation. The system was built in the framework of two projects, PV-MODE (JOR3-
CT98-0244) and MORE (JOR3CT98-0215), supported by the European Commission. In 2006,
the Kythnos Microgrid was upgraded in the framework of the MORE MICROGRIDS project (FP6
019864) and used as a test field for the implementation of advanced control strategies. Currently,
an upgrade of the existing infrastructure is under progress in the frame of KSI project.

2019
Kythnos Smart
Island

1989
Wind turbines
replacement

2016
WiseGRID

2001
1st European microgrid
“Gaidouromandra”

PV-MODE and MORE

1982
15t European
Wind Park

2021
RE-EMPOWERED

2018

Wind turbine
repowering
(ongoing)

1998
Wind turbine
Vestas 500kW

2006
Microgrid upgrade
MORE MICROGRIDS

1983
PV Installation

Figure 7: Timeline of EE projects implementation in Gaidouromantra Microgrid.

4.3.3 Available energy vectors for synergies

1. Kythnos Island: The island has embraced the electromobility and a few electric vehicles and
charging stations have been deployed. However, the flexible charging and discharging of the
EVs should be accomplished depending on the avai
to the technical requirements. Moreover, water treatment in Kythnos is achieved through
desalination plants with high operational costs and energy consumption. The optimized and
efficient operation of the three energy vectors, e-mobility, water, and electricity is highly
recommended for the island in order to reduce energy costs, to better manage the energy
demand and finally increase the RES capacity.
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More specifically, Kythnos hosts the following other energy related infrastructure:
1 Desalination plant of 1x 75 kW
1 Number of Electric Vehicles deployed: 3 (more to be deployed by the municipality)
1 Number of charging stations installed: 4x11kW + 1 wallbox (more to be installed)

2. Gaidouromantra: Each house in Gaidouromantra is equipped with a water pump, which is
responsible for replenishing a water tank and in this way supplying water to the household. In
addition, the residents use the water for some small scale agricultural activities and gardening.
The two energy carriers can be combined and co-optimized for the efficient operation of the
local energy system.

4.3.4 Actors and Stakeholders

As we mentioned earlier, the permanent population of Kythnos consists of 1,456 inhabitants, with
the population in summer months to be even 8-10 time bigger than this. The island is
administratively managed by the Municipality of Kythnos and it is part of the Regional Authority of
South Aegean.

In the following table a list of the energy stakeholders of Kythnos island can be found.

Table 5 List of actors in Kythnos demo

Role Actor

DSO HEDNO

TSO N/A

Energy Supplier WATT AND VOLT, NRG, ELPEDISON, Mytilineos,
PPC, ELTA, KEN, Zenith, Elinoil

Energy Producer PPC (thermal station), PVs (private)

Electric Mobility Manager N/A

Storage Manager N/A

Aggregator N/A

Support (technical, social, regulatory, etc.) ICCS-NTUA, DAFNI, CRES

A major regulatory barrier is the specific spatial planning framework for renewable energy sources
and the margins imposed for their penetration in non-interconnected systems. Limited public
support to inclusive business models with collective ownership of energy projects (such as energy
communities) leads to limited local acceptance of RES projects, especially in islands where issues
such as land use conflicts and landscape impact are considered important. More targeted
incentives and sources of funding should be offered at a local level, giving stakeholders the
opportunity to participate in the energy transition as members of energy communities. The uptake
of electromobility and demand side management requires a comprehensive legislative and
regulatory framework.

D2.1 Report on requirements for each demo, use cases and KPIs definition [29]
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4.3.5 Re-EMPOWERED related activities
Renewables penetration:

Even though Kythnos has a long history in renewables and low-carbon applications, still is quite

dependent on diesel generators and fuel oil, making the variable cost of energy in the island very

high, like most of the Non-I nt er connected | sl ands. By applying i
and technologies for energy management, there is a lot of headroom for renewables integration.

Wit hi EMPREVEREDO advanced Energy Ma n a g eeoheigalt Syst
restrictions and economic criteria, capitalizing on the available energy vector synergies, will be
demonstrated to optimize the operation of the local energy system, allowing further renewable

energy integration and cost reduction of energy production. In addition, innovative Demand

Response techniques will be implemented for even better energy management through the

engagement of local energy consumers and producers, leading in the development of new

attractive business cases. The case of Kythnos can pose the prototype and can be replicable in

all the NII of Greece.

Citizen engagement

1. Kythnos Island: Law 4513/2018 introduced the concept of energy communities in Greece
as a step towards energy democracy. The law aims to enable local actors (citizens,
municipalities, local businesses, universities etc.) to get actively involved in the clean
energy transition with some special provisions for islands. Energy communities are the
most ideal businesses model for clean energy projects in islands. However, Kythnos hosts
no citizen-led energy initiatives. Key stakeholders such as the Municipality of Kythnos and
commercial associations have already been engaged by DAFNI and are supportive to the
project. One of the goals of Re-Empowered will be the establishment of Energy
Communities on the island including local authorities, local citizens, and businesses to
maximize the local benefit and accelerate the clean energy transition of Kythnos in a
socially inclusive way.

2. Gaidouromantra: St udyi ng t he operation of Gai dour ome
detected issue is that the batteries are frequently overloaded because of the concurrence
of many housesdé maxi mum demand. Based on that
users of the microgrid have shown a grid-oriented energy culture and not a culture of
autonomous energy supply. Technical Demand Response in combination with
behavioural Demand Response techniques adapted to small scale energy systems will be
applied and demonstrated for optimized and efficient energy management. In addition,
Microgrid Management System will be developed and demonstrated for optimal microgrid
operation taking advantage of the flexible loads and the available energy vectors.

Within the RE-EMPOWERED project, the demo aims to achieve a set of goals related to the
projectds obj-leveludse vases. Tlaaugh thh surydy a first idea of the importance of
each objective, the goals and potential obstacles are identified. The following tables summarize
these results.

tn Kythnos Island:
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Table 6 Kythnos Island demo's information related to the project's objectives

Objective Relevance @ To be tackled Goal for the future Potential Obstacles
in RE-
EMPOWERED

Optimal Less Nice to have | - Financial, Technical,
operation, high important Regulatory, NIMBY
flexibility, and
efficiency
Higher res Important Mandatory Due to regulatory issues, . .

; Financial,
penetration and Kythnos cannot host more Requlatory. NIMBY
utilization RES at the moment g Y
Reliable and Important Congestions: | Reliable and resilient Financial, Technical
resilient Important operation for the whole
operation Outages: Very isle.;md.is a signific.ant

important _objectlve along with
improvement of SAIDI and
Black outs: ' ga|F| KPIs, protection of
Very important | he grid against extreme

weather conditions and

better load and weather

forecast.
Digitization and Less Nice to have
ICT important
development
New Less Nice to have Financial, Technical,
competitive important Regulatory, Poor
business citizends
models and
financing tools
Community Very Mandatory Establishment of Energy Financial, Technical,
engagement, important Communities on the island | Organizational, Poor
training, and including local authorities, citizenods
energy local citizens and
community businesses to maximize the
development local benefit and accelerate

the clean energy transition

of Kythnos in a socially

inclusive way.
Improved Less Nice to have | Reduction of GHG
energy access important emissions through

and
environment
quality

i Gaidouromantra microgrid:
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optimization of the thermal
station operation and the
increase of RES
penetration in electricity
generation and mobility

Financial, Technical,
Regulatory, NIMBY
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Table 7 Gaidouromantra demo's information related to the project's objectives

Objective Relevance @ To be tackled Goal for the future Potential
in RE- Obstacles
EMPOWERED
Optimal Important Nice to have | - Financial, Poor
operation, high citizenso
flexibility, and NIMBY counter
efficiency movement
Higher res Less Not needed Already 100% RES. Improve
penetration and important utilization of RES Technical
utilization
Reliable and Important Black outs: Apply behavioral demand Poorci t i z e |
resilient nice to have | response techniques (load interest, NIMBY
operation shedding) to avoid extreme counter
battery dls_charge. Restore movement
the operation of the load
controllers
Digitization and Important Nice to have | Advanced communication -
ICT scheme with protection
development devices and MGCC
New Important Nice to have | Establish a business model Financial,
competitive that will be able to support Regulatory
business the financial needs for
models and operation and maintenance
financing tools of the microgrid. The final
target is the establishment of
a local energy community
involving the residents of the
MG to manage collectively all
operational issues in the
future.
Community Very Mandatory Engagement of citizens to
engagement, important collectively operate their
training, and local system. Form energy Poorci ti z
energy community interest
community
development
Improved Important Nice to have | Engagement of citizens for

energy access
and
environment
quality

DSM to avoid black outs
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4.4 Ghoramara

4.4.1 General description

Ghoramara Island is located approx. 92 km south of Kolkata, in the Sundarban of the Bay of
Bengal in India. A google image of the island is shown in Figure 8. The island comprises of five
different villages as shown in Figure 8. The nearest mainland is Kakdwip which is approximately
5 km away and takes around 1 hour through diesel operated boats. This island is roughly five
square kilometers in area with a population of 3,000 residents (1100 houses) as of 2016. Out of
the whole population, 50% belongs to scheduled caste (SC) category, and 20-30% belongs to
minority group. Around 3000 residents are staying there over 1100 houses. Two primary schools,
one higher secondary school (420 students), and a primary health care center are available in the
island. A few shops (around 30) are located at the central area of the island near to the schools.
The administration of the entire island is controlled by an elected Gram-panchayat system.
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Figure 8 Ghoramara Island

4.4.2 General data about local energy system and energy vectors

The following infrastructures are available at Ghoramara island.

Utility grid is not available in the island.

A 2-kW wind turbine was installed near Ghoramara school, but the system was damaged

during cyclone AMFAN which makes it inoperative.

1 A few discrete solar panels are found on the roof-top of individual houses and shops which
are mostly used for mobile charging and glowing of LED lamp (one/two in numbers using
home lighting solution).

1 Around 100 numbers of streetlights with solar panels are also found which are now

inoperative.

1
1
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The capacity of the existing energy vectors at Ghoramara island is mentioned in the following

Table.
Table 8 Existing energy infrastructure in Ghoramara
Energy Type of installation Capacity
vectors
Solar A few solar PV panels are mounted on the roof-top of | Power rating is

some individual houses to provide power to one/two | corresponding to one PV
LED lamp and mobile charging. In some cases, battery | module (30-70W). Note
is damaged, and replacement is not yet done. that PV module is

Around 100 numbers of solar powered streetlights were | mounted in only a few
installed across the island, but most of them are | houses.

presently non-functional due to non-replacement of
battery.

Wind® | A 2-kW wind turbine is mounted at the vicinity of school | 2 kWp
which is not operational after the cyclonic storm
AAMPHANO.

*1: The average wind speed on the island is 4.6 i 5.6 m/s which has the capability to generate
6800-7200 kWh wind energy per year from a 5kW wind turbine (i.e., 19-20 kwWh per day).

4.4.3 Planned installations

Table 9 Planned installations in Ghoramara

Proposed hardware facilities Capacity

1. | A 250 kW microgrid system 240 kW PV + 10 kW Wind
(230 kW with conventional
technology + 20 kW with RE-

EMPOWERED technology

2. | A Load flow controller 5 kW

3. | A Power Quality Conditioner 20 kVA
(STATCOM)

4. | Deployment of electric three 2
wheelers Pay-load: 800 kg.

Motor rating: 2 kW BLDC

Millage: 60 7 70 Km per charge

Speed: 25 km/hour

5. | An FPGA based digital control | Spartan-6 or higher version of FPGA IC will be used

platform
6. | A charging station A charging station with four charging ports. Each
charging port is rated at 48 V with 1.5 kW capacity.
7. | Dimmable Street light 80 streetlights will be deployed out of which 20 are

energy efficient dimmable
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8. | Smart meters with advanced 50 smart meters with remote monitoring and

features management facilities Additionally, 5 advanced smart
meters with features such as management of non-
critical loads, and real time dynamic pricing

9. | Wind resilient structures Wind resilient structure will be considered for 20 kW PV
and 5 kW wind installation. The commercially available
conventional structures will be used for rest of the
installations.

10. | Electric boat An electric boat will be deployed which can carry 15
persons with a speed of 6 Knots. The boat will have 3
kW on-board solar panel, 2X6 kW electric outboard
motor and 2X12 kWh Li-lon battery.

The electrical configuration of the microgrids which will be functioning at Ghoramara island is
shown below in the following figure.
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b ; Lt | rerier 2
H .
=8 '_r_|_

PRODUCT-1 {15 kWp PV + 5 kW wind +

kW-h BESS)

Figure 9 Configuration of the microgrid to be formed in Ghoramara island
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45 Keonjhar

4.5.1 General description

Kanheigola, Nola and Ranipada are small

Kanheigola Villages/hamlets in Harichadanpur-Tehsil reserve

forest in Keonjhar District of Odisha State, India. It is

3N & located 54 km towards South from District

headquarters Keonjhar and 180 km from state capital

y Bhubaneswar. At present these villages are not

Keonjhar connected to the main utility grid. A total of 77 kWp

(Kanheigola- 30 kWp, Nola -25kWp and Ranipada- 22

kWp) Solar PV installations are supplying to

approximately 1000 villagers, living in 306

! households. These solar PV installations are

Odisha completely isolated and commissioned by the Odisha

Renewable Energy Development Agency (OREDA) in

2017-18. The proposed site is ideal for the test bed

and demonstration site case as it already has some

basic renewable energy presence, which can be

Figure 10 Keonjhar demo site upgraded with various available energy vectors and
improve the living standards of the community.

The climate of Keonjhar District is characterized by an oppressively hot summer with high
humidity. Summer generally commences in the month of March. Temperature begins to rise
rapidly attaining the maximum in the month of May. During the summer, maximum temperature
touches around 380C. The weather becomes more pleasant with the advent of the monsoon in
June and remains as such up to the end of October. The temperature in the month of December
is lowest i.e. it hovers at around 110 C. Sometimes it even drops down to as low as 70C. The
average annual rainfall is around 1534.5 mms.

4.5.2 General data about local energy system and energy vectors
The following infrastructures are available at Keonjhar Demo Site.

- Atotal of 77 kWp (Kanheigola- 30 kWp, Nola -25kWp and Ranipada- 22 kWp) Solar
PV installations

- One high school and one primary school are available run by Tribal/Social Welfare
Department.

- One sub center of primary health care center is also present in these villages to provide
initial medical facility to the residents.

- The main source of income is agriculture (mainly rice) in which 80-90% peoples are
involved. The water from the downstream is the major source for cultivation.

- Three rice-cum-hauler meals are present which are run by diesel engine (consuming 6-7
liters of diesel per day per machine)
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- Government of Odisha started construction of roads from Harichandanpur to these
remote villages and the same is expected to be completed in 2022. Currently very few
autos are used for transportation between these village and nearest Block head quarter
(Harichandanpuir).

- Every house in these villages is provided with 100 W for meeting the basic facilities like
2 LED lights and fan only for 4 hours during night time (6 PM to 10 PM)

Table 10 Existing infrastructure in Keonjhar demo

No. Village/ Block/ Kind of Plant Load AC No. of
District Source in| Capacity | in kW system/DC Household
each in KW Systems: Connected
microgrid
1 | Kanheigola, Solar 30 21 AC system 126
Keonjhar
2 | Nola, Keonjhar Solar 25 17.5 AC system 105
3 | Ranipada, Keonjhal  Solar 22 15.4 AC system 75

45.3 Planned installations

Table 11 Planned installations in Keonjhar demo

A 50 kW microgrid system 30 kWp PV + 10 kW Biomass+ 10 kW
Biogass

Electrical Vehicles 2

Smart Meters, with Fuse and |20

MCCB/MCB

Solar Dimmable Lights 20 out of which 5 are energy efficient
dimmable

Charging Facility, 2 Ports 1.5 kw, 48V

IoT based remote measuring system 1
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Figure 11 Configuration of microgrid system in Keonjhar demo

4.5.4 Re-EMPOWERED related activities
Renewables penetration

All the three villages in Keonjhar are isolated from the main grid and in the view of financial viability
to connect these villages to the main grid is very difficult. This will give an ample opportunity to
have higher penetration of the renewable energy sources in these remote places. The
development in technology and efficient power converter system at low power levels, optimizing
the various available energy vectors will increase renewable penetration to greater extent. Also
by coordinating and engaging the village community, local livelihood activities need to be
developed, which in turn will enable to build sustainable and profitable local energy systems. The
success of this pilot project at Keonjhar can be a very good model to be replicable in other such
remote locations in India.

Citizen engagement

The main issue in these remote villages is lack of reliable electric power. The present installed

capacity of 22 kWp in Ranipada is barely serving the household activities. Another major

challenge is the higher tariff of electricity. The proposed microgrid will control various energy

vectors, metering, billing and differential tariffs for business, livelihood activities, and household.

It schedules demands of microenterprises, irrigation pumps, streetlights, etc. The anchor loads

are scheduled to match the solar generation profile. A village micro enterprise zone (MEZ) will be

created to develop micro-i ndustries for l'iveli hood act-ivitie:
Distributed-P u m p ana@mobile pumps, Small enterprises such as Agro processing, electric three

wheelers, etc.. Few Smart meters will be deployed to gather energy consumption data from the

villagers to be used for further development of demand side management algorithms.

Within the RE-EMPOWERED project, the demo aims to achieve a set of goals related to the
projectds obj-levelude cases. Tlaaugh thb suydy a first idea of the importance of
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