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EXECUTIVE SUMMARY

Deliverable 4.2 is a report covering the frst cycle of the i-STENTORE project demonstration
activities, namely the Pre-Demo Phase. The latter has run from M5 to ML16, involving demo
preparatory activities along with early technology assessment and experimentation, and
targeting the identifcation of limitations and drawbacks, as well as opportunities, pertinent
to the energy storage technologies under consideration.

The present deliverable reports on the outcomes and progress achieved during this stage in
each of the i-STENTORE demos and the Living Lab. In specifc, building on the Baseline
Assessment Reports, the document provides an update around the axes that compose the
identity of each demo and the LL. Then, depending on the characteristics of each demo case,
the deliverable further documents general and technical details about each demo
deployment, the what-if scenarios investigated, the demo operation and the early results
obtained. Emphasis is put, where possible, on the opportunities and challenges identifed,
whereas preliminary lessons learnt and next steps are also outlined.

It is worth mentioning that, in general, pre-demo phase activities evolved for the project pilots
as planned. Highlights of the pre-demo phase for each of the fve demos and the LL are as
follows:

For the LL, the pre-demo phase involved the development of a generic case study around
the deployment and evaluation of a Hybrid Hydrogen Energy Storage System (HHESS), and its
specification for the LL infrastructural components under the prism of meeting the energy
needs of the Agkistron touristic area, bringing forward important replication opportunities.

In the case of Demo 1, progress was achieved in the directions of data collection, model
creation and preliminary testing, yielding initial positive assumptions around the models’
accuracy and the system’s performance.

For Demo 2, VRFB design and implementation activities, including the development and
testing of new electrolytes, as well as the specifcation and validation of the feld-scale
architecture along with signifcant algorithmic advancements (i.e. water infow forecasting
model, optimisation algorithm) laid the groundwork for the tasks to be carried out during the
full demo operation phase.

Demo 3 progressed with the refinement of its business scenarios and corresponding
services, the development of the respective optimisation algorithms, the design of its
Hierarchical Operation and Control System, the development of its digital platform, and the
definition of the on-site specifications, as well as with pre-demo simulation and testing
activities that enabled preliminary profitability estimations.

For Demo 4, the pre-demo phase has been characterised by efforts to determine the
appropriate technical specifications for the power (DC/DC) converter and the energy storage
system that will be incorporated in the demao’s Ultra Fast Charging Station. An extensive study
was also performed, in order to define the best control strategy for optimal dispatching of
the micro-grid, whereas four key scenarios were developed for optimising the use of
renewable energy sources, effectively managing storage systems and maintaining grid
stability.
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Finally, Demo 5 proceeded with technical development and implementation tasks, as well as
the extensive modelling of its assets and the simulation of contingency scenarios, also
yielding promising results.
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1 INTRODUCTION

i-STENTORE is a Research and Innovation Action that aims at showcasing the role of energy
storage not only as an energy buffer, but also as an active grid component, capable of
providing services and contributing to grid resilience, stability and efficient operation. In this
context, the project pursues to examine the integration and applicability of diverse storage
solutions and their combinations in one real-condition physical sandbox (Living Lab) and five
demos, representing different application sectors, system and consumer needs, economic
conditions, climates and timeframes.

WP4, namely “i-STENTORE demonstration across technologies and scenarios” has a central
role in this process, being responsible for the overall planning and management of the i-
STENTORE Living Lab and demos. In line with the project development cycles, the activities
involved are essentially organised in three stages, namely:

e the Pre-demo Phase (M5-ML16),
e the Full Demo Operation Phase (M21-M25), and
» the Large-Scale Demo Operation Phase (M30-M33).

The deliverable at hand is part of WP4 activities and relates specifically to the Pre-demo
Phase. This phase involves demo preparatory activities along with early technology
assessment and experimentation through proof-of-concepts, and early technology probes.
Overall, pre-demo prototyping, testing and evaluation target to identify potential limitations
and drawbacks, as well as opportunities, pertinent to the energy storage technologies under
consideration, in order to fine-tune the i-STENTORE concept, consolidate the i-STENTORE
reference architecture and blueprints, and eventually assure satisfying results at the Full
Demo Operation Phase.

11 PURPOSE OF THIS DOCUMENT

Being part of the WP4 series of deliverables, D4.2 documents all information around the
operation of the Living Lab and the demos during the pre-demo phase. In this context, it
reports on the outcomes and progress achieved during this stage in each of the following
tasks:

e Task 4.2 — Pre-Demo establishment of a Living Lab as a technology sandbox

e Task 4.3 - Demo ! - Molten glass thermal storage for an increased uptake of renewable
energy

e Task 4.4 - Demo 2 - Pump hydro Storage system combined with BESSs
e Task 4.5 - Demo 3 - Virtual Energy Storage System for Renewable Energy Integration
e Task 4.6 - Demo 4 - Cooperative Modular Multi Hybrid ESS for E-mobility Services

e Task 47 —Demo 5 - Agri-PV Farm with Energy Storage Capabilities
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More specifically, the deliverable provides for each demo and the Living Lab, an update to the
contents of the Baseline Assessment Report, originally included in D4., and further
documents general and technical details about the demo deployment, the what-if scenarios
investigated, the demo operation and the early results obtained. Preliminary lessons learnt
and next steps in each case are also outlined.

1.2 RELATION TO OTHER PROJECT WORK

The present deliverable reports, as previously mentioned, on the progress achieved during
the pre-demo phase in the frame of Tasks 4.2 to 4.7. As such, it follows up on, presenting
updates and enriching the information provided within D4.1 - Demos’ preparation, baseline
analysis and planning, whereas it takes into account developments reported within D3.1 - i-
STENTORE energy storage technologies and evolution, and D34 — i-STENTORE Digital
Ecosystem (Digital Tools and Platforms, Virtual Power Control, Data Governance, Flexibility
Services), which represent the [** technology release, that has been put into testing and
evaluation during the pre-demo phase.

With an outlook on future activities, the present document constitutes a precursor to
deliverables D4.3 to D4.9, which are intended to document developments in the upcoming
demo cycles, as well as reference material to WP5 activities, and thereby deliverables D5.1 to
D5.3 (i-STENTORE evaluation results and lessons learnt, replication / scalability roadmap,
multi-dimensional impact assessment, regulation briefing (1!, 2" and final versions).

1.3 STRUCTURE OF THE DOCUMENT

The remainder of this document is structured as follows:

e Section 2 lays out a summary of the i-STENTORE Planning, Measurement and
Verification Framework, which has been thoroughly presented in D4.,, for the sake of
clarity and inclusiveness.

e Sections 3 to 7 focus on each of the five i-STENTORE demos and the LL. For each of
the former, at first a relevant status update is provided. This documents refinements
and/or alterations around the key axes of information that have composed the demos’
Baseline Assessment Reports, namely those of the context and objectives, the
stakeholders, the services, data and infrastructures, the KPIs, the risk analysis and the
engagement and implementation plan of each demo. Then, the analysis focuses on
the actual progress achieved in each demo and the LL, specifically during the months
that have followed the finalisation of deliverable D4.1 until the closure of the pre-demo
phase and the submission of the current document (M14 to M17). Key details are
presented regarding the on-site deployment and integration, the scenarios
considered at this phase, operation and testing, as well as the related outcomes and
lessons learnt towards setting the path for the activities of the Full Demo Operation
Phase. An indicative although not restrictive structure is used for this purpose,
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covering the aforementioned aspects, indicating that the demos may apply
adjustments to report on their progress in the best possible way.

e Section 8 concludes the document, summarising the work performed under this
deliverable and exposing next steps regarding the demonstration activities’
implementation.
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2 |I-STENTORE PMV

Identification, scheduling, documentation, review and assessment of the demo activities and
results are guided in i-STENTORE by the project’s Planning, Measurement and Verification
(PMV) Framework [1]. A brief summary of the latter is provided in this section to ensure
consistency of the work across the WP4 series of deliverables. The i-STENTORE PMV consists,
as shown in Figure 1, of 4 pillars, two horizontal, i.e. the “Planning” and “Measurement and
Verification”, and two vertical ones, namely the “Context, Actors and Infrastructures” and “Risk
Analysis and Assessment”.
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FIGURE L: THE I-STENTORE PMV FRAMEWORK

The Planning pillar involves the identification of the demo implementation activities, their
structuring on the basis of common verification and validation methodologies into the i-
STENTORE double V-model, as well as integration of the timing dimension that results in the
demos’ engagement and implementation plans, i.e. the means for tracking and monitoring the
demos’ status and progress.

The Measurement and Verification pillar, on the other hand, outlines the demo evaluation axes,
the respective evaluation perspectives, as well as the data collection and evaluation methods.
The demo evaluation axes include:

i. the demos’ actual implementation progress and outcomes

ii. the novel stand alone or Hybrid Energy Storage Systems (HESS) to be implemented
and

iii. the digital services to be developed

Evaluation perspectives involve those of Completion, Effectiveness, Efficiency, Adequacy,
Usability and Compatibility and are to be captured via Key Performance Indicators (KPIs) and
surveys. KPIs are metrics that derive from the demos’ characteristics and describe how well
the latter are progressing according to predefined standards and goals. They are
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accompanied by a baseline assessment as well as an estimated target value, which are
intended to facilitate the quantification of impact of the energy storage technologies and
innovative solutions introduced by the i-STENTORE project, enabling the comparison of the
‘as-is’ and ‘to-be’ circumstances for each demo. KPIs further follow a classification scheme
depending on their scope and nature.

The two vertical pillars, “Context, Actors and Infrastructures” and “Risks Analysis and
Assessment” are complementary pillars, allowing determining the context and circumstances
under which the demos will operate, and thereby providing input regarding their planning and
execution as well as the targets and goals for their evaluation.

For a more detailed presentation of the i-STENTORE Planning, Measurement and Verification
Framework the reader is directed to deliverable 4.1.
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3 LIVING LAB

This section aggregates the updates regarding the Baseline Assessment Report provided by
the Living Lab in D4.l. This report outlined the LL context, objectives and stakeholders, the
services, data and infrastructures involved, a list of relevant Key Performance Indicators along
with their baseline and target values, a short risk analysis, as well as the respective
engagement and implementation plan. This update focuses on the pre-demo phase activities
(deployment, operation, testing, etc.) that have been performed during M4 — M17 which
involve scenario formulation, simulation, and some indicative results and insights.

3.1 LL STATUS UPDATE

An update to the contents of the Baseline Assessment Report for the LL is presented in the
following paragraphs.

3.11 Context and Objectives

For the elapsed period of the project since the Baseline Analysis report no changes are to be
reported in the context and objectives of the Living Lab. A more detailed presentation of the
objectives was presented in D4.1.

312 Stakeholders

The stakeholders involved in the i-STENTORE Living Lab are: ORIZON, CERTH, and CLUBE. No
changes are to be reported in the stakeholder mix since the baseline analysis. For more
information regarding the role of the stakeholders, see D4.1.

313 Services, Data and Infrastructures

Deliverable 4.1 has already set the goals to be achieved through the available services, data
and infrastructure of the Living Lab. In summary, the goal is to: i) Minimise renewables
curtailment; ii) Maximise the lifetime of the hybrid ESS components; and iii) Achieve the
optimal energy management. In line with the goals that the LL aims to achieve, the
infrastructure to be installed targets to improve RES utilisation for the satisfaction of local
needs for energy and energy related services.

The Living Lab will provide a data set and information in the form of a case study, so that they
are integrated into the i-STENTORE digital ecosystem. The Living Lab will provide case study
scenarios that will be formulated by communicating with the demos to set the range of case
studies to be studied for the next phase. The scenarios will comprise real operating data of
the individual subsystems behaviour which are the following:

e The hybrid hydrogen energy storage system - HHESS (fuel cell, electrolyser, and
accumulators) to cover power demand.
e The gasifier gen-set operation.
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e The generated electricity management system, which consists of DC/DC and AC/DC
power converters and power electronics.
e The interconnection system with the hydroelectric plant.
e The charging/discharging supervision and control system for the batteries (Battery
Management System-BMS).
e The EV charger operation.
e The supervision and control system of the integrated system.
e The control system of the loads.
The implementation of the scenarios will be presented in the upcoming deliverable D4.3 that
will include the full demo operation.

314  Key Performance Indicators

The KPIs selected for the i-STENTORE Living Lab are presented in D4.1. Preliminary results and
achieved values for the KPIs are presented in Table 5 in the results section of this Chapter.

315 Risk Analysis

Table 1 below illustrates potential risks associated with the Living Lab and the relevant
mitigation measures. Their current status as “Open” or “Mitigated/Closed” is also depicted as
an update.

TABLE 1: RISKS IN LIVING LAB

Risk | Description Total Mitigation Measures /

Likelihood Impact Status

ID of Risk Risk Strategy

The timeline is planned to
absorb any potential
Delays in delays. In case
procurem_ent Medium Medium Low unexpected delays
and delivery occur, backup plans are
of equipment established without
compromising the
project objectives.

RO.1 Open

CERTH and ORIZON
possess extensive
experience in dealing
with  the  regulatory
authorities regarding RES
Medium High Medium | and energy  storage | mitigated
technologies. The Living
Lab partners will
establish from early on
communication channels
with  the  regulatory
authorities to identify
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potential regulatory

barriers.

Communication with

Increase in other suppliers will be

the cost of established. Alternative
RO.3 | the Dbattery Medium Low Low equipment will be Open

racks and identified, without

solar PV compromising the

project’s objectives.

Before the purchase and
procurement of the
equipment, a relevant list
of prerequisites was
delivered to the

Integration
. manufacturers. In case of
ISSUes unexpected failures and
RO.4 | between new Low Medium Low . P . . Open
L integration  issues, a
and existing .
. communication channel
equipment

will be established with
the manufacturers as well
as with the technical
personnel of CERTH and
ORIZON.

316 Engagement and Implementation Plan

The activities of the Living Lab’s establishment have been progressing as planned and
according to the Grant Agreement. The relevant Gantt chart for the LL's engagement and
implementation plan has been presented in D4.1 and no deviations have been recorded in the
meantime. During M14 to ML7 the actions carried out, included the procurement finalization
of the battery and the EV charger to be installed in the Living Lab, as well as the additional
panels to increase the PV total capacity. Furthermore, after consulting with the relative
regulatory authorities that are involved in the permitting procedures of the subsystems to be
installed, no apparent obstacles have been identified and the installation is progressing as
foreseen.

3.2 LL DEPLOYMENT

Hybrid Hydrogen Energy Storage Systems (HHESS) can be implemented across various
sectors, including buildings, transportation, and power generation, in different configurations.
A prevalent application of such systems, as seen in Agkistro village, is in remote locations
where the electrical grid is either non-existent or weak. This hybrid approach effectively
tackles the challenges of energy accessibility and stability.
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These systems typically integrate renewable energy sources, such as solar or wind power,
with hydrogen storage technologies to create a resilient and self-sufficient energy
infrastructure. The hydrogen storage system utilises surplus electricity generated by
renewables to produce hydrogen through electrolysis. This hydrogen is then stored and can
be converted back into electricity using fuel cells when renewable sources are not generating
enough power, ensuring a continuous energy supply.

In local touristic areas like Agkistro, implementing such systems offers significant benefits.
Tourism requires a reliable energy source to power accommodations, restaurants, attractions,
and other facilities. A hybrid hydrogen energy storage system can meet these needs while
enhancing the sustainability profile of the destination. By reducing dependency on diesel
generators, fossil fuels, or the electricity grid, these systems lower greenhouse gas emissions
and other pollutants, contributing to a cleaner environment. Furthermore, showcasing
advanced renewable energy solutions can attract environmentally conscious tourists and
provide educational opportunities, demonstrating the region's commitment to sustainability.
The living lab approach, where the system is continuously monitored, evaluated, and
improved, ensures that the technology remains efficient and adaptable to changing energy
demands and conditions, making it an ideal fit for dynamic environments.

3.21  Methodology of Deployment

In general, the deployment method is based on the simulation of the detailed dynamic
behaviour of the HHESS through a model of the system components, the layout of the system
and the control strategy, which set the base for the energy and economic performance
evaluation. The economic analysis is performed developing a model that converts the energy
flows on a yearly basis to costs and savings. The model is also coupled with the costs of
investment in the system and this allows one to assess the overall economic performance of
the proposed system.

To test and evaluate the case studies performed, a suitable Energy Management Strategy
(EMS) has been developed and implemented that dictates the operation of HHESS. This
strategy is responsible for the decision-making on energy distribution, considering the status
of each subsystem and the overall goal of the operation. It is based on a hybrid-automata
algorithm [2], [3] incorporating propositional logic. One of the characteristics of the EMS is
that it can incorporate different subsystems by using different developed models. This means
that the EMS can be applied upon various configurations, each possibly representing the
project demos’ infrastructure and/or the different goals and services that are evaluated within
these demos.

3.3 PRE-DEMO PHASE SCENARIOS

To demonstrate the Living Lab’s use case and to illustrate the capabilities of the developed
EMS, an indicative case study has been defined and simulated. This case study has been
developed according to the realistic energy needs of entities present in the local ecosystem
of Agkistro (and Thessaloniki). The relative daily energy needs for the respective case study
are shown in Figure 2Figure 2. The load profiles are produced considering data from local hotel
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facilities and have been adjusted to exhibit 30 kW peak loads analogous to the RES capacity
of the Living Lab. The idea of designing the case studies based on real operation data of both
the systems installed in the LL as well as the local loads, ensures the replicability aspect of
the hybrid storage system and the accuracy of the calculated KPIs.
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FIGURE 2: DAILY LOAD CURVES FOR THE TOURISTIC ATTRACTION IN THE AREA OF AGKISTRO

The configuration of the performed case study in terms of equipment is shown in Table 2
below.

TABLE 2: INFRASTRUCTURE CONFIGURATION AND SIZES

Equipment Description

PEM Water Electrolyser 25 kW
2x PEM fuel cells 2x25 kW
Hydrogen Tank 1,000 kWh / 30 kgH-
Lithium-lon Battery
Energy Storage 200 kwWh
Systems
PV panels 30 kW
Electricity production
from biomass 30 kW
gasifier/syngas

3.4  OPERATION, TESTING AND PRELIMINARY RESULTS
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When the systems are operating, excess energy can either be stored as hydrogen or
electricity, or it can be curtailed. In this case study, a supervisory control framework based
on a generic Energy Management Strategy was developed and implemented. This EMS was
realised using a Hybrid Automata (HA) architecture that incorporates propositional-based
logic. This showcased the performance and operation of the hybrid hydrogen energy storage
system for the satisfaction of local real loads. The example case achieved optimal RES
utilisation, fulfilled load demand, while minimising the external use of back-up power and
curtailed energy, and demonstrated uninterrupted load satisfaction. Additionally, this flexible
and systematic approach preserved battery life and ensured the safe operation of all
electrochemical subsystems, including fuel cells and the electrolyser.

The results of the case study simulation are presented in the next figures. Figure 3 shows the
distribution of power among subsystems. Power from biomass gasification and the respective
CHP engine is the major contributor to the load after the RES input from PVs. The curves for
back-up power and curtailment are typical of the operation of autonomous off-grid systems.
Such systems curtail the energy that they cannot spend or store and require external source
back-up in the case of RES and storage depletion. The trend of the state of charge (SOC) for
hydrogen and battery electricity is shown in Figure 4.
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To evaluate the HHESS performance, a set of key performance indicators allows the
assessment of the effects that each technology has to the example case (Figure 5). The
control strategy and its application to the case is examined using these indicators, which are
defined as ratios of the cumulative energy (kWh) of each subsystem divided by the total RES
surplus (kwWh) or total load demand (kwh) over the course of a year. Subsequently, ratios are
converted to percentages (%) to present a clearer definition of the case’s performance.
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FIGURE 5: KEY PERFORMANCE INDICATOR PERCENTAGES FOR THE INDICATIVE CASE STUDY PERFORMED.

Table 3 shows the KPIs with updated values as baseline and their achieved values up until
the time of reporting (M17).

TABLE 3 : LIVING LAB KPIS

Target
Description / . Baselin Value Pre-Demo

Definition (formula) o e Value (estimate Phase Value
d)

Axis |. Demo's Implementation Progress & Outcomes

a. Potential Energy
Storage satisfied by
H2
Share usage of novel b, Potential . E_nergy a. 5% a. >10% a. 5.8%
Storage satisfied by
21 energy storage batter [%] b. 25% b. >40% b. 4.2%
mechanisms y c. 10% c.>20% c. 30%
c. Potential Demand
satisfied by
biomass
gasification
Enerav storage Combined energy
22 gy storag storage capacity in the | [kWh] | 1200 1300 1300
capacity .
Living Lab
New collaborations
between SMEs Number of
24 . ' collaborations with - 1 2 -
industry and . .
. SMEs, industries
academia in the
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Description /

Definition (formula)

Unit

Baselin
e Value

Target
Value
(estimate
d)

Pre-Demo
Phase Value

energy storage
sector
N° of data-driven
32 learning algorithms Tested algorithms B { 5 ~
validated over the within the Living Lab
demos
Ne° of storage-
centric grid
35 supporting services Foreseen Services for B 0 { ~
proposed and the Living Lab
validated through
the demos
Axis Il. Novel stand alone or Hybrid Energy Storage Systems (HESS)
Potential increase of
renewable-based Increase in installed
5 power generation capacity of RES-based [kwW] - 30 N/A
without jeopardising power generation
system security
Energy saving in . . .
termsgcic volun%e of Potential av0|deq diesel [Itoiesel/
20 . fuel consumption for 25,000 35,000 N/A
reduced fossil fuel . . year]
. electricity generation
consumption
35 LESSONS LEARNT AND NEXT STEPS

The preliminary results of the simulation present an example case study of the
implementation of the Living Lab infrastructure for the satisfaction of real local loads of the
Agkistro area. This case study sets the base upon which what-if scenarios will be designed
and run in the next phases of the Living Lab. As a next step, communication with the demos
is necessary to set the range of case studies to be studied for the next phase.
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4 DEMO | - MOLTEN GLASS THERMAL STORAGE FOR AN
INCREASED UPTAKE OF RENEWABLE ENERGY

This update focuses on the pre-demo phase activities of Demo 1, which involves a hybrid
regenerative glass furnace coupled with a PV plant. The demo's objectives include aligning
glass melting with RES availability, optimising energy costs, and providing ancillary services to
the DSO. Key activities during this phase included data collection, model creation, and
preliminary testing of the flexibility platform. The results show promising capabilities in
managing fluctuations in energy demand and supply. The next steps involve a full electric
boosting ramp-up, further model refinement, component integration, and KPI monitoring.

4.1 DEMO STATUS UPDATE

An update to the contents of the Baseline Assessment Report for Demo 1 is presented in the
following paragraphs.

411 Context and Objectives

In section 4.2.1 of the D4 1 report, we have established the context and objectives of the Demo
1. The context involves a newly commissioned hybrid regenerative glass furnace that has been
coupled with a PV plant to form a thermal storage system. The objectives of the demo have
been slightly extended to describe all the capabilities of the hybrid storage system. The
extended objectives of the demo are as follows:

Aligning glass melting with RES availability
= Achieving higher utilisation of PV power plant and lower energy costs
e Optimising energy costs by utilising data from wholesale market

< Opening up glass manufacturing to provide ancillary services to the Distribution
System Operator (DSO), such as peak shaving and increased intake from other local
RES in the vicinity of the factory.

412 Stakeholders

The project involves two primary stakeholders: HRAS, which will use the platform, and COMS,
which is responsible for developing the flexibility platform. In addition, we have also identified
and considered external potential stakeholders. These stakeholders (Table 4) will have the
opportunity to participate in Demo ! once the project is finalised.
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TABLE 4 : DEMO 1 STAKEHOLDERS

Stakeholder

Role(s) in Demo 1

Group

Demo leader, owner, and end-user of the site
infrastructure, that requests a service from the

HRAS . . - . Manufacturers
system under discussion, aiming to achieve the
use case’s main objective.

COMS IP owner & service provider involved in the IT solutions
development of deployed flexibility platform. providers

DSO Participates with ancillary services Energy sector
Wholesale . .
Market Provides data to optimise energy costs Energy market

413 Services, Data and Infrastructures

Demo ! focuses on the development of three key services: PV Forecast, Flexibility Service,
and Furnace Model. For more comprehensive details, please refer to Section 4.2.3 in
deliverable D4.1. Moreover, an exhaustive description of the ancillary services associated with
Demo ! can be found in deliverable D3.4.

Regarding data availability, we have provided more information in Table 5Table 5. Notably, with
the acquisition of new data from the new furnace, there is no longer a necessity to rely on
data from the older furnace, as initially anticipated. Moreover, we have included external
metering data (from external partner DSO, if available), which can be utilised for evaluating
ancillary services.

TABLE 5: DEMO 1 DATA STATUS

Input Data (and Status

Asset/service Output Data

/ Availability)

Data available through
PV Forecast SolarEdge API from
305.2021

Day-ahead PV production
forecast

Meter data (historical
Flexibility service data available for older
and new furnace)
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Input Data (and Status

/ Availability)

Output Data

Input from new Furnace
available from 1.7.2023.

Different profiles of gas and

rurnace Over 40 parameters electric energy usage
available with 2 min gy usag
timestamp
Metering data from
Meter data 9 R

substation

414

Key Performance Indicators

Although the Demo 1 KPIs have not been changed or refined, we have focused our efforts on
achieving these metrics. Further details on the Demo 1 KPIs can be found in D4.1 Table 9.

415  Risk Analysis

In the D4.1 we have reported different risks as shown in Table 6 below. We have also updated
the table with the Status, since some of the risks have been resolved or mitigated.
Additionally, we have opened a new risk related to the Data availability for the new furnace.

TABLE 6 : DEMO 1 RISKS

A Mitigation
Description a Total
.p Likelihood Impact . Measures / Status
of Risk Risk
Strategy
dzlr;);;r:getﬂ e Procurement
RL1 delivery of Medium Critical | Medium pro;::(saz:lmt;ited Closed
equipment and ossigle
materials P
New operational
Impaired glass management
quality due to strategies will be
unpredictable . " " determined
. o Very High Critical
RL2 1 Characteristics yrig Critical based on the Open
of HESS results of
operation continuous
performance
monitoring during
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Impact

Mitigation
Measures /
Strategy

Status

initial furnace
trials
High f
gh costs o Demo partners
goods and have sufficient
RL3 services for High Low Low Mitigated
. reserves to cover
project .
. . the project costs
implementation
Compatibility Application of
issues between established
flexibility standards and
R14 platform and Low Critical Low specifications, Open
HRAS's IT compatibility
systems and testing, version
infrastructure control
Data availability
from the new
furnace may be Create Diverse
limited due to Test Scenarios.
controlled o
-~ ; ; pen
RLS cond!tlons Medium Medium Low Refine Model with
(operating only New Data.
in the setpoint), o
potentially Calculated initial
impacting the parameters.
diversity of
available data

The new RL5 was already partly mitigated and will be furtherly mitigated by:

L

Creating a variety of test scenarios: Implement different test scenarios with higher
variations of input parameters to increase the variety of available data.

Refining the model with new data: Continuously refine the furnace model after
receiving new data to ensure that it accurately reflects the furnace's operating

characteristics.

Calculating initial parameters: Mitigate this risk by deriving the initial parameters
through calculated values related to the structure of the furnace, such as resistance

and heat capacity.

Co-funded by
the European Union



http://www.istentore.eu/
mailto:info@stentore.eu

www.istentore.eu

J/ i-STE NTORE info@stentore.eu
D4.2

416 Engagement and Implementation Plan

The Gantt chart of Figure 6 presents the planned activities of Demo ! in connection with the
construction of the hybrid furnace. The furnace reached basic operation in January 2024 and
is expected to reach full hybrid operation in January 2025.

Other activities related to the implementation phase are proceeding according to plan. The
main focus is now on building services and models to support the flexibility platform, which
are described in more detail in the following section.

Pre-demo Phase Full Demo Operation Phase

M1 |M2|M3 | M4| M5 | M6 | M7 | M8| M9 | M10 [ M11 | M12 | M13 | M14 | M15 | M16| M17 | M18 | M19 | M20 | M21 | M22 | M23 | M24 | M25 | M26 | M27 | M28 | M29

B1. Furnace monitoring system (FMS)- Procurement
B2. Rack PC for FMS - Procurement

B3. Rack PC for FMS - Installation & Integration in
HRAS IT/OT network

B4. FMS - D

B5. COMS flexibility platform gap analysis and

B6. Upgrade of COMS flexibility platform

B7. Integration of COMS flexibility platform with the
Molten Glass Thermal storage ana its subsystems
B3. Deployment of COMS flexibility platform

BA. Itegration of COMS flexibility platform with the
The i-STENTORE digital platform/ middleware

FIGURE 6: DEMO 1 GANTT CHART

42 DEMO DEPLOYMENT

Since the deployment of services is in its initial phase, we have focused on integrating
together the FMS and flexibility platform provided by COMS. The horizontal components of
the ** technology release will follow, once the internal system is established. The current
conceptual architecture of the flexibility platform is shown in Figure 7 and may change in the
future to better incorporate the common components of the i-STENTORE architecture. The
main focus was on the collection of demo-specific data and the creation of the models.
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7 PV model

/,/ Furnace model

7 ,;4/

weather API

other weather service

FIGURE 7: FLEXIBILITY PLATFORM OF DEMO 1

43 PRE-DEMO PHASE SCENARIOS

During the pre-demo phase of Demo |, several scenarios and hypotheses were investigated
to prepare for the full demo operation phase and improve the performance of the models.
These scenarios aim to test various aspects of the hybrid regenerative glass furnace coupled
with the PV plant and flexibility platform:

1. Flexibility Service Performance:

Scenario: Test the performance of the flexibility service components provided by
COMS under various load conditions and external factors.

Hypothesis: The flexibility platform can effectively manage fluctuations in energy
demand and supply, optimising the operation of the hybrid storage system and
maximising its benefits.

2. Impact of Furnace Model Accuracy:

Scenario: Evaluate the impact of the accuracy of the furnace model on overall system
performance and energy efficiency.

Hypothesis: Continuous refinement of the furnace model based on new data will lead
to improved accuracy in predicting energy usage and optimising furnace operation.

44  OPERATION, TESTING AND PRELIMINARY RESULTS
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During the pre-demo phase of Demo 1, extensive operation and testing activities were
conducted to evaluate the performance of the hybrid regenerative glass furnace, PV plant,
and associated flexibility platform components. These activities aimed to collect data, assess
achievements, address challenges, and provide preliminary results. The progress made during
this phase is summarised below:

Data collection activities

Extensive data collection activities were conducted that included inputs from the SolarEdge
API, meter data from historical furnace operation, input data from the new furnace, and
weather data