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What country are you joining us from?

᷉  Start presenting to display the poll results on this slide.
AGISITN Webinar - Perspectives on Grid Connection Network for Energy Storage
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I am a...

᷉  Start presenting to display the poll results on this slide.
AGISITN Webinar - Perspectives on Grid Connection Network for Energy Storage
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AGISTIN -  Overview
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AGISTIN will enable industrial grid users to rapidly deploy 
renewables through advanced integration of innovative 
energy storage technologies at the interface with the grid.

13 partners
1 associate 

partner
9 countries

January 2023
December 2026

January 2023
December 2026
ϛ͖Π͖ϐ±
Project total cost

EU contribution
͕Ο͗ϐ±ϛ
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AGISTIN -  Specific Objectives
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Demonstrate the performance and value of innovative storage technologies 
providing flexibility and grid servicesSO1

Design advanced grid interfaces to integrate energy storage with industrial grid 
users and on-site generation, enhancing economic and technical performancesSO2

Demonstrate the technical feasibility of the innovative coupling of multiple forms 
of energy storage, production and demand into novel energy systemsSO3
Enable advanced coupled storage solutions to provide new grid services  needed 
for the clean energy transitionSO4

Reduce material use and embedded emissions by innovative approaches for 
energy storage integration with industrial grid usersSO5

Propose innovative business models to easily enable energy storage integration 
with industrial grid usersSO6
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Advanced Grid Interface (AGI)
DC coupling of hybrid load, renewables, storage 

24/05/2024 11

AGISTIN proposes innovative integration of energy storage with grid users that contain loads and onsite 
production using an innovative Advanced Grid Interface.

ΪrƨȍƳƝȍŝϐ͑ϐƳǙϐƦƳǙŝϐįǡǡŝǭǡϐƳƨϐǭƀŝϐŸǙƆŕϐǵǡŝǙǡσϐ
side (e.g., motor, electrolyser , battery, solar 
PV)

Ʒ Integrate multiple assets 

ΪGrid forming or fast frequency containment 
reserve (FCR)

Ʒ Provide enhanced grid services

ΪControls the grid facing inverter and the 
ŎƳƨȍŝǙǭŝǙǡϐǭƳϐŸǙƆŕϐǵǡŝǙǡσϐįǡǡŝǭǡ

Ʒ Implement a plant level controller

ΪAllows addition of further assets in time

Ʒ Extendable 
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Innovative forms of energy storage
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ÅRedox Flow batteries

ÅIrrigation systems

24/05/2024

ÅAqueous electro recuperators
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AGISTIN Laboratory Test Sites
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Proposed approaches and storage technologies will be tested in an environment reflecting the actual power 
system conditions.

FGH fast charging of electric 

vehicles application testing

CDR-CIEMAT 

pumping tests

FGH-IWES electrolysis 

application tests



AGISTIN Two Major Demonstrations
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ÅGreen Hydrogen 
Production

ÅIrrigation 
Systems
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AGISTIN Green Hydrogen production demonstrator

ÅShell facility in the Energy Transition Campus Amsterdam 
(ETCA) in NL is designed for green hydrogen production for 
industrial usage and long term storage
ÅIncludes 50kW electrolyzer , 25kW Supercap and 72kWp of 

PV
ÅSite has restrictions on power injection because of grid 

capacity
ÅFast load transient for electrolyzer  need to be regulated 

with fast electrical storage
ÅAGI integration allows dynamic control and optimization of 

load, storage and generation
ÅCombination of storage, generation and electrolyzer  allows 

for different operating modes
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AGISTIN irrigation canals demonstrator

ÅSegria Sud (SP) irrigation facility includes a multi -
reservoir reservoir irrigation system
ÅIncludes 16.9MW pumping loads and 0.9MW of PV, with 

10GW/h total energy demand
ÅTotal energy demand represent almost 70% of annual 

operational costs
ÅHigh dependency on seasons, with peak consumption in 

Spring -Summer and low operations in Winter
ÅLocal generation can help reducing grid absorption and 

reduce operational costs while alleviating grid stress
ÅDuring low operations period combination with storage, 

both short and long term, can improve business 
sustainability
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HORIZON-CL5-2022-D3-01-11
Demonstration of innovative forms of storage and their successful operation and integration into innovative energy system and  grid architectures

Ęá͐ϐπrŕŝƨǭƆŷƆŎįǭƆƳƨϐįƨŕϐ
enabling innovative business 
models for energy storage 
ƆƨǭŝŸǙįǭƆƳƨϐȎƆǭƀϐŸǙƆŕϐǵǡŝǙǡρ

Francesca Di Gruttola
RINA

Thibault Prevost
RTE
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Overview
AGISTIN and GCN: Contributions, Enablers and Blockers

AGISTIN study cases

Analysis of Regulations and Grid Codes

Functional requirements of industrial users

Conclusions
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Study Cases for AGISTIN

Two demonstrators  are planned for AGISTIN:

ÅAGI-integrated  innovative storage for green H2 production

ÅAGI-integrated  innovative storage for large pumping  loads
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AGI- integrated innovative storage for 
green H2 production

20

Concept of the hydrogen case in Netherland

25 kW

AC

DC

AC

DC

AC

DC

Current
Solar 

Current

ELY 

Current 

Supercap 

50kW

Advanced 
control

Current 
Grid >kW / MW

0 kW

M

72 kWp
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AGI- integrated innovative storage for 
green H2 production

21

Enablers

Advanced Energy Management System

Grid-forming Capabilities of the Battery

Improved Electrolysis Efficiency

Hybrid AC/DC Interconnection

Cost Savings

Blockers

Limited Grid Capacity

Regulatory Barriers

High Initial Investment

Technical Complexity

Intermittency of Renewable Energy

24/05/2024 AGISITN Webinar - Perspectives on Grid Connection Network for Energy Storage



AGI- integrated innovative storage for 
large pumping loads

22

Concept of the irrigation case in Spain 

24/05/2024 AGISITN Webinar - Perspectives on Grid Connection Network for Energy Storage



AGI- integrated innovative storage for 
large pumping loads

23

Enablers

Variable Frequency Drives (VFDs)

On-site Photovoltaic  Panels (PVs)

Short-term Battery  Storage

DC Link Configuration

Integration  with  Water  Storage

Blockers

Initial  Investment Cost

Technical Complexity

Regulatory  Constraints

System Compatibility

Operational  Challenges
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Analysis of Regulations and Grid Codes
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ÅAt EU level
Regulation is manly based on a set of three Network Codes, created by ENTSO-E, under the guidance of the ACER, and in cooperation with DSO Entity:

ÅAt national/regional level
The EU regulation is generally adopted with possible more restrictive requirements

Å AGISTIN for green H2 production must adhere to Dutch grid regulatory authority and Enexis Netbeheer, the regional grid operator, which 
follows the IEE519 -2014

Å AGISTIN for the irrigation pumping station located in Segrià-Sud canal, northeast Spain, must adhere to the new 2020 Spain Grid Code 
ΰȎƀƆŎƀϐƆǡϐŝƨǭƆǙŝƝȔϐŌįǡŝŕϐƳƨϐǭƀŝϐMĀϐǙŝŸǵƝįǭƆƳƨΠϐȎƆǭƀϐƦƆƨƳǙϐƦƳŕƆŷƆŎįǭƆƳƨǡαΠϐǭƀŝϐπ³ƳǙƦįϐùŞŎƨƆŎįϐŕŝϐSupervisiónρϐΰȎƀƆŎƀϐƆǡϐƦįƆƨƝȔϐǙŝƝįǭŝŕϐǭƳϐäMìαϐ
and to the IEE519-2014

DEMAND CONNECTION CODE Commission Regulation (EU) 2016/1388 of 17 August 
2016

HVDC CONNECTIONS Commission  Regulation (EU) 2016/1447 of 26 August 
2016

REQUIREMENTS FOR GENERATORS Commission Regulation (EU) 2016/631 of 14 April 2016
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Analysis of Regulations and Grid Codes
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1. DEMAND CONNECTION CODE - Commission Regulation (EU) 2016/1388 of 17 August 2016

Å Grid  Connection  Requirements : Specifies technical standards and criteria for  the 
connection of demand facilities  to the electricity  grid, ensuring compatibility  and reliability .

Å Connection  Agreements : Defines the process for  negotiating  and concluding connection 
agreements between  demand facility  owners or operators and the relevant  Transmission 
System Operators (TSOs) or Distribution  System Operators (DSOs).

Å Connection  Costs: Determines the allocation  of  costs associated with  grid connection, 
including  connection charges and any necessary grid reinforcements .

Å Connection  Process Timeline : Sets deadlines and timelines  for  the various stages of  the 
connection process, from initial  application  to final  commissioning.

Å Access and Transparency : Ensures transparent  and non- discriminatory  access to grid  
connection services, facilitating  market competition  and fair access to the grid.
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Analysis of Regulations and Grid Codes
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1. DEMAND CONNECTION CODE - Commission Regulation (EU) 2016/1388 of 17 August 2016

Blockers

Grid Constraints

Cost Burden

Regulatory Complexity

Interconnection Challenges

Lack of Coordination

Enablers
 
Clear Guidelines

Standardization

Transparency

Flexibility

Grid Reinforcement
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Analysis of Regulations and Grid Codes
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3. REQUIREMENTS FOR GENERATORS - Commission Regulation (EU) 2016/631 of 14 April 2016

Å Grid  Compatibility : The regulation  aims to ensure that  generators  meet technical standards  
and requirements for  grid connection, including  voltage  and frequency control,  
synchronization, and protection  mechanisms.

Å System Stability : Compliance with  the regulation  helps maintain  grid  stability  and 
reliability  by ensuring that  generators operate in accordance with  grid  codes and can 
provide ancillary  services, such as frequency regulation  and voltage  support .

Å Renewable  Energy Integration : The regulation  facilitates  the integration  of  renewable  
energy sources by providing  guidelines  for  the connection of  wind,  solar, hydro, and other  
renewable  generators  to  the grid, helping  to  reduce greenhouse gas emissions and promote  
sustainable energy development .

Å Market  Participation : Generators must meet certain requirements to participate  in 
electricity  markets, including  eligibility  criteria, registration  procedures, and compliance with  
market rules and regulations .

Å Consumer Protection : The regulation  includes provisions to  protect  consumers and ensure 
transparency in electricity  generation,  such as requirements  for  metering, billing,  and 
reporting  of generation data.
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Analysis of Regulations and Grid Codes
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3. REQUIREMENTS FOR GENERATORS - Commission Regulation (EU) 2016/631 of 14 April 2016

Blockers

Compliance Costs

Technical Challenges

Regulatory Complexity

Market Barriers

Interconnection Issues

Enablers 

Technical Standards

Reliability

Market Efficiency

Renewable Energy Deployment

Grid Resilience
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What Grid Network Code requirement 
do you think will directly impact 
storage operations the most?

᷉  Start presenting to display the poll results on this slide.
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AGISTIN

30

Agistin topology example
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AGISTIN : impact of grid codes
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ÅOpportunities :
Å RfG V2 code covers V2G, and storage
Å DCC V2 covers EV and Electrolysers

DCC

V2G
EV1 EV2 EV3

Art 13 a 1 Frequency range operation & Rocof X X
2 Interface to modulate power X X
3 Autonomous connection criteria X X
4 Autonomous Reconnection criteria X X
5 LFSM-U-EV + dynamics X X
6 LFSM-O-EV + dynamics X X
7 Maintain power for small freq deviation X X
8 Maintain power for small voltage deviation X X
9 FRT X X

10 FRT bis X X
11 FRT ter X X
12 Active power recovery after fault X X

Art 14 a 1 Frequency range operation & Rocof (ref to 13,a) X
2 Maintain power for small voltage deviation X
3 Robustness to event, FRT / HVRT X
4 System Restoration X

5
Power System management (controlability / data 
exchange..) X

6 Voltage Stability (additional req) X

7
Robustness to event, FRT / HVRT (addtional 
requirement) X
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AGISTIN : impact of grid codes

32

ÅConstraints and gaps :
Å Not possible to aggregate different technologies 

when presented before consultation

Å Nothing about different technologies behind the 
same inverter

Å But : 
Å Electricity storage integrated to a power -

generating module used solely for the purpose of 
meeting the respective requirements of this 
Regulation should be considered as part of such 
module while its capacity should not count 
towards the power -generating module capacity 
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Functional Requirements of Industrial 
Users
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Functional Requirements of Industrial 
Users
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AGISTIN : How would you like this to be aggregated ?
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CPCP CPCP

1 PPM gathering all 1 PPM by type 1 PPM by feeder Freedom of aggregation
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Conclusions
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Project Objectives Achieved:
Å Demonstrating the viability  of integrated energy systems combining innovative energy storage technologies, 

renewable energy sources, EV charging infrastructure, and industrial decarbonization.
Å Achieving cost savings , enhancing energy efficiency , and reducing environmental impacts .

Regulatory and Grid Code Implications:
Å Proactive engagement with regulatory bodies to provide valuable insights and recommendations for future 

regulatory frameworks.

Stakeholder Engagement Strategies:
Å Effective stakeholder engagement
Å Education efforts 
Å Lesson Learnt sharing

Business Model Opportunities:
The findings presented in the report lay the foundation for identifying business model opportunities within the 
AGISTIN context, including connection requirements, grid and market codes, and stakeholder engagement strategies 
for broader adoption and impact..
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Audience Q&A Session

᷉  Start presenting to display the audience questions on this slide.
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Funded by the European Union. Views and opinions expressed are however 
those of the author(s) only and do not necessarily reflect those of the European 
Union or European Climate, Infrastructure and Environment Executive Agency 
(CINEA). Neither the European Union nor the granting authority can be held 
responsible for them.

Perspectives on Grid Connection Networks 
for Energy Storage: the i -STENTORE 
Project
Dr. Antonio Di Pasquale
University of Naples Federico II
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Agenda

×The Role of Energy Storage Systems within Modern Power Grids

×i-Stentore Project 
×Overview
ÅBrief introduction to the i-Stentore project

×Main Objectives

×Demonstrators
ÅDescription of pilot sites or demonstrator projects
ÅKey technologies and innovations being tested
ÅExpected outcomes and benefits
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Energy Storage System in Modern Power 
Networks

[1] Farivar, Glen G., et al. "Grid-connectedenergy storage systems: State-of-the-art and emerging technologies."Proceedings
of  the IEEE111.4 (2022): 397 -420.
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Energy Storage Technologies

ÅMechanical:Pumped Hydro Storage, Flywheels , Liquid Air, etc.

Å Thermal: Sensible Heat, Thermochemical, Latent Heat

Å Electrical: Supercapacitors, Superconducting Magnetic

Å Electrochemical: Classic Batteries (Lead Acid, Li-Ion, Ni-MH,

etc.), Flow Batteries

Å Chemical:Synthetic Fuel, Hydrogen
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i-STENTORE Project

The EU-funded i-STENTOREproject will introduce
novel energy storage technologies and propose
hybrid energy storage systems that could help push
towards the next generation of renewable energy
use. Thus, i-STENTORE will create an umbrella
framework to assess the most efficient energy
storage solutions for various applications and
propose innovative tools for their planning and
coordinated operation, endorsing interoperability
and contributing to their operational optimisation
while highlighting the multi -purpose use of
storage.
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The Consortium

ŤEuropean Dynamics Luxembourg SA (Coordinator)
ŤEngineering Ingegneria Informatica Spa (Technical 

Coordinator)
ŤComSensus
ŤAggregering S.A.

ICT Companies

ŤBioeconomy & Environment Cluster of Western 
Macedonia
ŤSteklarna Hrastnik
ŤMontajes Eléctricos Cuerva S.A.
ŤEmpresa de Eletricidade da Madeira
ŤHorizon SA

SMEs / Consumers & Energy End- Users

ŤEnergy Storage Solutions
ŤSAMSO s.p.a.
ŤGreen Power Storage Solutions

Energy Stakeholders 

ŤCEN Solutions
ŤReefilla s.r.l.
ŤNIO POWER EUROPE
ŤSTER

Manufacturers

ŤLuxembourg Institute of Science & Technology
ŤFraunhofer Institute for Applied Information Technology FIT
ŤInstitute of Communication and Computer Systems
ŤInstitute for Systems and Computer Engineering, Technology 

and Science INESC- TEC
ŤVasco Da Gama COLAB
ŤUniv. Carlos III de Madrid 
ŤCenter for Research and Technology Hellas
ŤFederico II University of Naples
ŤUniv. de Málaga

Leading Research technology & Academic 
Institutions

ŤF6S Innovation
ŤRegulatory Assistance Project

EU- Level Associations / Regulators



Objectives

Å Examine the integration of diverse storage solutions and the combinations.

Å Examine the applicability  of versatile storage solutions  in mobility,  agriculture, 
industry, household, heating and other sectors. 

Å Promote the introduction of novel business models for the widespread 
deployment of single and hybrid energy storage systems, facilitating the 
participation of storage assets in energy markets

Å Facilitate investment planning on energy storage facilities, strengthen and 
expand the technological European Value Chains on Energy Storage. 

44
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i-STENTORE Demonstrators
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Demo 1 - Molten glass Thermal Storage for an 
Increased Uptake of Renewable Energy 

Á Steklarna Hrastnik (HRAS) is an innovative manufacturer of
premium container glass products located in Zasavje, a
Slovenian coal region undergoing transition . HRAS faces
threats from rising energy and carbon prices, exacerbated by
energy insecurity due to geopolitical instability . To ensure a
secure and clean future, HRAS recognizes the necessity of
utilizing local renewable energy sources. This involves
increasing the electrification of the glass production process
and using clean energy vectors.

Á Replace the existing regenerative furnace with an innovative hybrid furnace that
combines all -electric and regenerative concepts.

Á Install a 521 kWp PV power plant on the roof of the production facility housing 
the furnace.

Á Utilize molten glass within the furnace as a 3 MWh capacity energy storage unit.

Objectives:
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Demo 1 - Overview

DSO/aggregator

PVPP

weather 
forecast

Ppv, gen

FMS

Hybrid furnace
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Demo 2 - Pump Hydro Storage System Combined 
with BESS & Synchronous Condensers 

Á The objective of the Madeira Island
Regional Government and the local utility
is to enhance the sustainability of the
generation system by increasing the share
of renewable energy. However , similar to
other small isolated systems, increasing
the installed capacity of wind parks and PV
units is not economically or technically
feasible due to demand-response issues
during certain periods.

Objectives:

Á Installation of 2 Li-ion BESS 25 MVA/ 16 MWh

Á Installation of 1 VRFB 50 kVA / 50 kWh
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Demo 2 - Overview
Á The installation  of the two  

battery  units (Li-ion BESS and 
VRFB) will  contribute  in 
making the operation of the 
Madeira island generation 
system more flexible,  in terms 
of better  using the existing 
assets 

The objective of integrating  VRFB 
is:
Á test new electrolytes  to 

improve the performance of the 
battery,  increase lifetime  and 
decrease cost;

Á Coordinate its operation  with  
the Li-ion BESS to avoid high 
depths  of discharge and 
increase its lifetime .
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Demo 3 - Virtual Energy Storage System for 
Renewable Energy Integration (VESS)

Á Integration  of  a series of  energy storage assets, namely a Li- ion battery  
(LIB)  and a Vanadium  Redox Flow  Battery  (VRFB), in coordination  with  
a manageable  hydropower  plant .

Á Assets located in the province of Granada, in the south of Spain, and 
distributed  over an electrical  area operated by MECSA.

Markets
 Services

Management  of the assets through  a 
digital  platform  to behave as a single  
Virtual  Energy Storage System 
(VESS), enabling the provision of:

V Ancillary  and flexibility  
services to  the distribution  
grid  operator  (DSO)

V Storage  services to a PV and 
a wind  power  plant  that  are 
located on the same 
distribution  grid.
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Demo 3: Objectives

Optimising the 
storage services 
by combining the 
best 
characteristics of 
each of the 
technologies that 
make up the 
VESS.

01

Reducing the 
levelized cost 
of storage 
(LCOS) of the 
aggregated 
storage system.

02

Improving the 
business case 
for renewable 
plants linked to 
the VESS.

03

Increasing the 
penetration of 
renewable energy 
in the grid area 
supported by the 
VESS. 

04

Improving the 
behaviour of the 
electrical grid 
through the 
dynamic and 
coordinated 
response of the 
storage stations 
that constitute the 
VESS.

05

Demonstrating 
how multiple 
actors (VESS 
operator, 
renewable plant 
operators, DSOs, 
etc.) can interact in 
an open, secure 
and efficient way 
through the VESS 
digital platform .

06

Demonstrating 
how the VESS 
digital 
management 
platform can 
properly interact 
with other data 
spaces to improve 
the overall system 
performance.

07




