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Energy system impact



5.

Energy system evolution
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Unidirectional energy delivery philosophy

smarter, multidirectional and integrated

energy systems

Energy system evolution
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Å 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

Å 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

and energy security

Energy-positive infrastructures
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Energy-positive ecosystems

Land-use planning

energy as a variable of planning

Transport management

Public transport & Electric vehicles

On-site design Energy supply

Distributed energy (w RES), heating and cooling
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Inter-operability

Inter-operativity

Among a diversity of operators and stakehoIders

ά¢ƘŜ ŀƴǘƛŎƛǇŀǘŜŘ ōŜƴŜŦƛǘǎ ǎǘŜƳƳƛƴƎ ŦǊƻƳ ǎƳŀǊǘΣ ŘƛƎƛǘŀƭ ƎǊƛŘǎ 
cannot materialisewithout guaranteeing appropriate levels 

of interoperability- i.e. the abilityof smart grid actors, 
components and applicationsto work together by exchanging 

data and informationΦέ Wƻƛƴǘ wŜǎŜŀǊŎƘ /ŜƴǘŜǊ 9¦

Key concepts in smart energy systems 

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

Corsini et al. Energies 2019, 12, 3353; doi:10.3390/en12173353 

Key concepts in smart energy systems 
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Flexibility

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

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

(Smart) energy system modelling

Decision-making processes



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

Time scale

Multi-year horizon
e.g. 2020-2050

Seasonal level
4 seasons

Weekly level
Working and WE days

Daily level
Day, night 

Hourly level
and fraction of hour

(Smart) energy system modelling

Resolution



Energy system modelling framework

Technologies

Im

POWER 
GENERATION

ENERGY USES

ENERGY STORAGE

Åphotovoltaic systems

Å solar collectors

Åwind turbines

Åhydroelectric systems

Ågeothermal plants

Åbiomass power plants 

ÅHeat pumps

Åcharging stations

Åelectrochemical batteries

Power forecasting

Demand forecasting 

Optimization

Kernel

Input Ouput (KPI) in scenarios

energy performance

economic performance

environmental
performance

Å multi-objective
optimization
problems (MILP, 
non-dominated
sorting algorithms)

Variables: temperature, solar 
radiation, wind velocity

Methods: numerical models 
(NWP), machine learning

Loads: electrical, thermal
mobility.
Methods:
Statistical models 
(ARIMA), machine 
learning, deep learning

Tools

ÅData management

ÅProgramming language and modules (Python ( Pandas, NumPy,SciPy,  

Scikit-learn))

ÅForecasting (TensorFlow/PyTorch)

ÅGIS Tools (QGIS/ArcGIS)

Load control & 
management

Å flexible load to 
balance production 
and demand

Å Preditictive (MPC), 
based on rules
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pyRES features

Å In-house Python software 

Å Object-oriented programming

Å Open-source

pyRES functions

Å creation of digital twins

Å analysis, sizing and optimization

Å techno-economic perfomance

Å quarter-hour loads and end-users profiling 

Å testing management strategies and energy policy

Time resolution

Å down to 15 min

Energy system modelling framework

pyREShttps://github.com/pyRES-project
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Case studies

Castro PretorioMoDUrban Smart District

E Tajalli-Ardekani, G Delibra, I Pizzuti, A Corsini
A Rome district transition towards optimal and sustainable heat and power generation

Applied Thermal Engineering 255, 124001

ÅAims: designing a SMART MoD istrict with increased

RES, energy resiliency and clean energy transition

while coping with limitations due to historic

buildings and areas

ÅPartners: MoD

ÅTools: TRNSYS, pyRES, pymoo

ÅTechnologies: PV, CHP, BESS

ÅAchievements: digital twin of the ex-ante district,

design of an improved district with solar panels,

high-efficiency CHP, reduced environmental

footprint
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Case studies

Energy Transitionof Castro Pretorio Urban Smart District

E Tajalli-Ardekani, G Delibra, I Pizzuti, A Corsini
A Rome district transition towards optimal and sustainable heat and power generation

Applied Thermal Engineering 255, 124001

ÅAims: designing a SMART MoD istrict with increased

RES, energy resiliency and clean energy transition

while coping with limitations due to historic

buildings and areas

ÅPartners: MoD

ÅTools: TRNSYS, pyRES, pymoo

ÅTechnologies: PV, CHP, BESS

ÅAchievements: digital twin of the ex-ante district,

design of an improved district with solar panels,

high-efficiency CHP, reduced environmental

footprint
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Case studies

Power & Heatenergy communities

ÅAims: test the combination of power&heat in RECs and

assess optimal operations for a biomass-fuelled CHP unit

ÅPartners: Regione Lazio

ÅTools: pyRES, pymoo

ÅTechnologies: PV, CHP, biomass gasification, REC

ÅAchievements:

Åoptimal sizing of the system for the prosumer and

definition of best operation strategy for the CHP

Åoptimal assembly of the REC
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

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

ÅAims: test the combination of power&heat in RECs and

assess optimal operations for a biomass-fuelled CHP unit

ÅPartners: Regione Lazio

ÅTools: pyRES, pymoo

ÅTechnologies: PV, CHP, biomass gasification, REC

ÅAchievements:

Åoptimal sizing of the system for the prosumer and

definition of best operation strategy for the CHP

Åoptimal assembly of the REC
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Case studies

Offshore wind-basedgreen hydrogenproduction

Pizzuti, I., Conti, M., Delibra, G., Corsini, A., & Castorrini, A. (2025). Energy Storage and 
Management of Offshore Wind-Based Green Hydrogen Production

ÅAims: analysis and design of a coupled

system that integrates offshore wind, a

proton exchange membrane (PEM)

electrolyzer to produce hydrogen, and a

battery energy storage system (BESS)

ÅTools: Python

ÅTechnologies: Wind Turbines, Electrical

batteries, Electrolyzers

ÅAchievements: a. Controller

implementation for the integration of

multiple vectors. b. Investigation of the

battery’s role
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Case studies

Offshore wind-basedgreen hydrogenproduction

ÅAims: analysis and design of a coupled

system that integrates offshore wind, a

proton exchange membrane (PEM)

electrolyzer to produce hydrogen, and a

battery energy storage system (BESS).

ÅTools: Python

ÅTechnologies: Wind Turbines, Electrical

batteries, Electrolyzers

ÅAchievements: a. Controller

implementation for the integration of

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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Å In any energy ñcommunityò,energy demand 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

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

adapt to changing condition

Å Connection and impact on the national power grid must be harmonized

Energy-positive infrastructures takeaways

Scientific
infrastructure
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