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1Y A Einstein Telescope Research Infrastructure:
Challenges and Long-Term Sustainability

Workshop on Challenges and Long-Term
Sustainability

Real Time Systems for Energy Technologies Alessandro Corsini

Sala del Chiostro, Chiostro San Pietro in Vincoli (Sapienza University) 13:40 - 14:05

Sustainable transportation Domenico Borello

Sala del Chiostro, Chiostro San Pietro in Vincoli (Sapienza University) 14:05 - 14:30

CERN'’s energy management strategy Nikolaos Sapountzoglou

Sala del Chiostro, Chiostro San Pietro in Vincoli (Sapienza University) 14:30 - 14:55

Off-shore wind energy Claudio Lugni

Sala del Chiostro, Chiostro San Pietro in Vincoli (Sapienza University) 14:55 - 15:20
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Einstein Telescope Research Infrastructure: Challenges and Long-Term
Sustainability

Time-dependent analysis and design of .
energy systems with high penetration of
RES
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Energy system impact

L

Global greenhouse gas emissions by sector FiGE
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R . . - ‘ in Data
I'his is shown for the year 2016 - globhal greenhouse gas emissions were 49.4 billion tonnes CO.eq.
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Energy system evolution o (¥
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UNITED STATES AIR FORCE PROJECT RAND
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FIG. 1+ = Centrohized, Decentralized ond Oistributed Networks
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Energy system evolution
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Energy-positive infrastructures o NG

COMMUNITY ENERGY MANAGEMENT (CEM) BUILDING MANAGEMENT SYSTEM (BMS) ENERGY PLATFORM (PIATTAFORMA ENERGETICA)
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A The EU promotes energy-positive infrastructures through directives and regulations, setting binding targets that require

buildings and districts to produce more energy than they consume over their lifecycle
EU funding instruments support large-scale deployment of energy-positive solutions by financing smart grids, storage, renewables,

and digital energy management, accelerating market uptake and reducing technological risk

A Energy-positive infrastructures are framed as key enablers of climate neutrality, integrating renewable generation,

flexibility, storage, and sector coupling (electricity, heat, transport) to reduce emissions while increasing resilience

an d en erg y Secu rlty +'*. Project: 101079696 — ET-PP — HORIZON-INFRA-2021-DEV-02

Grant agreement: N2 101079696
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Key concepts in smart energy systems

Inter-operativity
Among a diversity of operators asthkeholders
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Zwave l . P l . = '. TCP/IP
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/7 WIHART Data transport Data ingesti Persistence r— E
RFID broker d proces: and concurrenc
satellite P i 2 « ” l. 20
Sensor » Ethernet T T E Dat * E
ata as
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Sensor Storage -
4-L> " & =
Sensor s g o
= 4]-’ MQTT, HTTPS, Metadata %
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‘ XMPP, p— r— 2
Sensor vo B DDS, and Compute > . o
Lz soon PRI Services =<
g < s
Actuator TCP/IP orchestration
E
Analytics
UPAL
Intel’s loT reference model (Intel, 2015).
g
Inter-operability

G¢CKS TYUGAOALI 0SR 0SYySTAGa
cannotmaterialisewithout guaranteeing appropriate levels

of interoperability- i.e. theability of smart grid actors,
components and applications work together by exchanging
data and informatio®é¢ W2 Ay U wSa S

Smart grid projects outlook 2017: facts, figures and trends i
Europe (JRC Science Hub, 2017)
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DIMA

Flexibility

100 4 —— PV production 2000 g [kV%I]ODO:
—— Prosumer demand o, \ i
Surplus 1500 1500
Deficit 1000 o]
807 Self-consumption s
500 500 |
— 0 0
E 50 | 2000 4000 6000 5000
. (2)
[
= Vo Fsoc
o H [
=8 L
40 ~ 1k
05l
20 0 7060 2000 6000 5000
Hour
(c) (d)
Figure 14. Charge and discharge hourly power behavior and storage fractional state of charge for (a,c)
0]

scenario 1; (b,d) scenario 2.

time [h] Corsini et al. Energies 2019, 12, 3353; doi:10.3390/en12173353
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https://scholar.google.it/citations?view_op=view_citation&hl=it&user=uBFJa9UAAAAJ&sortby=pubdate&citation_for_view=uBFJa9UAAAAJ:artPoR2Yc-kC

(Smart) energy system modelling
DecisioAmakingprocesses

Decision making Process Systems Koy
hierarchy Engineering Economics

Strategic

Tactical

Operational

Level of

aggregation of
technologies

ot t ire economm
Suppy chain e tor Entire economy

Source: Subramanian, Avinash Shankar Rammohan, Truls Gundersen, and Thomas Alan Adams. "Modeling and simulation of
energy systems: A review." Processes 6.12 (2018): 238.
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DIMA

Operational
Focuses on individual components

Tactical

Focuses on The integration of
components at the system or plant
level

Strategic

Focuses on long-term vision,
infrastructure development and
macroeconomic strategies in the
energy sector
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(Smart) energy system modelling
Resolution

/\, Time scale
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Source: Prina, Matteo Giacomo, et al. "Classification and challenges of bottom-up energy

system models-A review." Renewable and Sustainable Energy Reviews 129 (2020):

109917 Project: 101079696 — ET-PP — HORIZON-INFRA-2021-DEV-02

Grant agreement: N2 101079696




. A INANRY AR
Energy system modelling framework i
Kernel e ——
Technologies Optimization
A photovoltaic systems A mu'_t"?bj?c“ve
optimization
Input A solar collectors problems (MILP, Ouput (KPI) inscenarios

Demand forecastlng . GENERATION sorting algorithms) energy performance
Loads: electrical, thermal A hydroelectric systems »'
mobility. A geothermal plants Load control & economic performance
Methods: A bi management _
Statistical models biomass power plants . environmental
(ARIMA), machine » A Heat pumps A flexible load to . performance
learning, deep learning ENERGY USES balance production

A charging stations and demand

A electrochemical batteries

| | ENERGY STORAGE A Preditictive (MPC),

Power forecasting based on rules

Variables: temperature, solar
radiation, wind velocity

Tools

A Data management

Methods: numerical models A Programming language and modules (Python ( Pandas, NumPy,SciPy,
(NWP), machine learning

Scikit-learn))

A Forecasting (TensorFlow/PyTorch)
A GIS Tools (QGIS/ArcGIS)
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Energy system modelling framework L
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Case studies o
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Castro PretoritvioD Urban Smarbistrict

A Aims: designing a SMART MoD istrict with increased | bk
RES, energy resiliency and clean energy transition
while coping with limitations due to historic

buildings and areas
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high-efficiency CHP, reduced environmental T Cosling Cosmeor? B
attery ata ———

E Tajalli-Ardekani, G Delibra, | Pizzuti, A Corsini
A Rome district transition towards optimal and sustainable heat and power generation
Applied Thermal Engineering 255, 124001

footprint
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DIMA

EnergyTransitionof Castro Pretorio Urban Smﬁ)lstrlct
r;l:cko

Block 1

A Aims: designing a SMART MoD istrict with increased

RES, energy resiliency and clean energy transition

while coping with limitations due to historic

—— Electric load @
1200 PV

—— Cogens

- Battery
1000 —— From district
From grid

buildings and areas

A Partners: MoD

A Tools: TRNSYS, pyRES, pymoo

Power [kW]

A Technologies: PV, CHP, BESS

A Achievements: digital twin of the ex-ante district,

design of an improved district with solar panels,

0 : e
Jul 3rd 4th 5th 6th 7th 8th 9th 10th

high-efficiency = CHP, reduced environmental
. E Tajalli-Ardekani, G Delibra, | Pizzuti, A Corsini
fo otp rint A Rome district transition towards optimal and sustainable heat and power generation
Applied Thermal Engineering 255, 124001
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Case studies
Power &Heatenergy communities

A Aims: test the combination of power&heat in RECs and

assess optimal operations for a biomass-fuelled CHP unit

A partners: Regione Lazio
A Tools: pyRES, pymoo

A Technologies: PV, CHP, biomass gasification, REC

A Achievements:

A optimal sizing of the system for the prosumer and

definition of best operation strategy for the CHP

A optimal assembly of the REC

T 520

sy AN
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Pizzuti, A Corsini, G Delibra, E Tajalli-Ardekani

Integration of photovoltaic panels and biomass-fuelled CHP in an Italian renewable energy community
Energy Conversion and Management: X 24, 100696
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Case studies

Power &Heatenergy communities

A Aims: test the combination of power&heat in RECs and

AN SRR

assess optimal operations for a biomass-fuelled CHP unit

A Partners: Regione Lazio
A Tools: pyRES, pymoo

A Technologies: PV, CHP, biomass gasification, REC

A Achievements:

A optimal sizing of the system for the prosumer and

definition of best operation strategy for the CHP

A optimal assembly of the REC
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Pizzuti, A Corsini, G Delibra, E Tajalli-Ardekani
Integration of photovoltaic panels and biomass-fuelled CHP in an Italian renewable energy community
Energy Conversion and Management: X 24, 100696
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Offshore winebasedgreenhydrogenproduction

Legend
—— Hydrogen
A Aims: analysis and design of a coupled g 7 s
. . ELECTROLYZER SYSTEM

system that integrates offshore wind, a 10 — .
,I\ /[\ Wind production = ' l Hydrogen @

proton exchange membrane (PEM) B
WIND FARM Stared supplied | STEEL MILL

electrolyzer to produce hydrogen, and a ! —.a

battery energy storage system (BESS) .

A Tools: Python ’- @

A Technologies: Wind Turbines, Electrical
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A Achievements: a. Controller
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implementation for the integration of Boneunng)
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multiple vectors. b. Investigation of the
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Pizzuti, I., Conti, M., Delibra, G., Corsini, A., & Castorrini, A. (2025). Energy Storage and
Management of Offshore Wind-Based Green Hydrogen Production “...  Grant agreement: N° 101079696
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Offshore winebasedgreenhydrogenproduction

A Aims: analysis and design of a coupled £, :EZ%
gj 7 110
system that integrates offshore wind, a 2. Fro0
é . oo &
proton exchange membrane (PEM)
electrolyzer to produce hydrogen, and a . Wind-to-Hydrogen Wind-to-Hydrogen
E 1 " v \ ’ “ EZOD-
battery energy storage system (BESS). %;;wn- M/ J d \| = 0o M
g K oL . | | | . ‘
A Tools: Python N Price-Driven Price-Driven
- ] 200
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. . . . %'100 |’—\ m ( % 100
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implementation for the integration of ;onfqution in price-driven, following price zero electrolyzer consumption in price-driven
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multiple vectors. b. Investigation of the
battery's role. Pizzuti, I., Conti, M., Delibra, G., Corsini, A., & Castorrini, A. (2025). Energy Storage and

Management of Offshore Wind-Based Green Hydrogen Production
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Energy-positive infrastructures takeaways o S

DIMA

Scientific ‘

Digital Twin ;
‘ infrastructure

Neighboring Home

Wind + storage

Charge station
+ storage

V2G (Vehicle to Grid)

A Inanyenergyi c o mmu erergydemand and renewable production vary over time with instantaneous fluctuations with weekly and

seasonal patterns, due to weather, user behavior, and electrification, requiring non-stationary analysis and management

A Ensuring reliability and self-consumption in renewable-based infrastructures depends on advanced control strategies that continuously

adapt to changing condition

A Connection and impact on the national power grid must be harmonized - Project: 101079696 — ET-PP — HORIZON-INFRA-2021-DEV-02

Grant agreement: N2 101079696
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