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Research goal:
towards Net-zero multi-energy districts

Maximise districts self-consumption of renewable (thermal and
electric) energy resources through optimal:

* District planning

* Energy systems operation and scheduling

 Demand management

 Sinergies among different networks (electric, natural gas, district heating and
cooling, water,...)

From single user => aggregation of users
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Experimental and modeling activities on single %@“
~) O DELLE MARCHE

DG technologies:
e CHP and CCHP

* Internal combustion engines

* Microgas turbines (TURBEC)

* Small Stirling engines (tests are planned for next year)
* SOFC

* Renewables
* HCPV
* PV plant
e Solar thermal
 CSP

* Energy storage technologies
* electric,
* Thermal

* Liquid Air Energy Storage
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District Energy service demand,
distributed generation, multi energy systems

/ ) Commodities mix/multi National
Energy service demand Energy conversion system energy vector systems energy mix

: Heat pumps
 Thermal energy for heating

{ industrial X Electric motors _ — B
and in UStI’I? process (hot Electric boilers Electricity
water, hot air, steam,

EVs
diathermic oil)
e Cooling energy (chilled water, Absorption chillers Nuclear, coal
air) CHP natural gas, oil,
e Lighting (Lumen) Natural gas boiler - Natural gas renewables,
* Mechanical energy to drive SOFC Fuel cells waste

compressors, fans, cars
* Electricity

PEM/SOFC Fuel cells _ Hydrogen
e Mobility

Diesel engine

Gasoline engine _ )
LPG engine Refinery products 12




UNIVERSITA
POLITECNICA
DELLE MARCHE

Present research activities:
1. Integration of DG energy systems in low
carbon districts

Energy planning for aggregation of users: Urban districts, Mini and microgrids,

< From 2015 on |
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unit

CHP, trigen, PV, thermal
and electric storage, district
heating and cooling
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Present research activities:
2. Optimal planning of multi-energy
systems/microgrids with polygeneration

e Optimal design to minimize investment
and operating costs

 Multiple energy vectors (electricity,
heating, cooling)

* Role of energy storage in locally
exploiting renewable energy generation

 Additional networks:
e Water
e H2

Tool:

* MILP
° GA
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Present research activities:
3. Flexibility and aggregation of microgrids

 How to promote flexible assets penetration in residential, commercial and industrial microgrids

» Aggregation of microgrids for Ancillary Services Market and Balancing Markets

Portfolio management problem

how do we..
e _.prioritize flexibility assets?
* ..incentivize final users?

e ..take into account assets reliability?
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Present research activities:
4. Drivers and Barriers to real
implementation (marginal research activity)

» Understanding of the interactions and interdependencies between energy supply networks (technical,
economic and markets).

*The fragmented institutional and market structures of different energy systems is often a barrier to realise
the benefits of synergies between energy networks (energy networks are often managed by different
market Operators)

*How to overtake this barriers?

This is because we work on several microgrid “living labs”
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Applied research on real microgrids:
four living labs



Pilot 1: Smart village ENEA

Smart building

Smart district heating
Smart street/Public Lighting
Test of DSM strategies
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Pilot 2: Municipal Minigrid Osimo

e 1 PCC with National grid
e CHP/DH system with: 1,2 MWe ICE

e >30 MWp PV installed (100% renewable during summer
weekends)

e 400 kW mini-hydro power plant

e Electric mobility program (2 charging stations and Utility
fleet conversion to EV)

e |t experienced ISLAND OPERATION during national blackout
in 2003

H2020 Proposals submietted and under evaluation:

LC-SC3-ES-3-2018-2020: Integrated local energy systems (Energy
islands)

LC-SC3-ES-5-2018-2020: TSO — DSO — Consumer: Large-scale
demonstrations of innovative grid services through demand response,
storage and small-scale (RES) generation
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Pilot 3:
Loccioni Group Industrial Microgrid

e 1PCC

* 5 buildings (offices and production sites)

e PV

* Heat-pumps 4 )

 Thermal Storage
* Electric Storage
* Mini-hydro \ J
e EV

 Smart Energy management system
(MyLeaf — developed by Loccioni) 2
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Pilot 4: University Microgrid
UNIVPM

Within the framework of the Deprtment of
Excellence on «Industry 4.0 and additive
manufacturing», it will be implemented an loT
monitoring and management system for the
microgrid of UnivPM.

Existing assets:

* 600 kWe CHP/Trigen coupled with District
heating and cooling network

20 kWp PV
 7kWp HCPV
* Natural gas boilers

* loT platform for energy monitoring, data analysis
and management system

e Electric energy storage (to be purchased) 21



Opportunities of cooperation

Next H2020 calls we are addressing:

*RES-8:Combining Renewable Technologies for a Renewable District Heating and/or Cooling System
http://ec.europa.eu/research/participants/portal/desktop/en/opportunities/h2020/topics/lc-sc3-res-8-
2019.html

| C-SC3-ES-1-2019: Flexibility and retail market options for the distribution grid
http://ec.europa.eu/research/participants/portal/desktop/en/opportunities/h2020/topics/Ic-sc3-es-1-
2019.html

National and International Cooperation:

*Interest in investigating Rural microgrids

Join other research groups to exploit common synergies and diversities

*Future UnivPM microgrid as a living lab available for common research with other groups

*Exchange of students and experiences 2


http://ec.europa.eu/research/participants/portal/desktop/en/opportunities/h2020/topics/lc-sc3-res-8-2019.html
http://ec.europa.eu/research/participants/portal/desktop/en/opportunities/h2020/topics/lc-sc3-es-1-2019.html
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Some results

Reduction of supply temperature

New scenarios with
CHP-TES-HP

Osimo Mini Grid
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Some results

Loccioni microgrid: tests on flexibility

Charging and
discharging of TES
With excess of
renewable energy
(PV)

Flexibility with
Thermostatically
Control Load
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Some results

Smart Campus NTU: optimal planning



Some results

White box model

Smart Village ENEA

Black box model (Data driven)
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Other research activities DELLE MARCHE

* |oT monitoring systems for microgrids
* Cloud platform for data collection and storage

* Data analysis on energy systems:
* Investigation of networks losses (thermal, water...)
* Investigation of energy systems performance losses: DG systems, batteries,

* Predicitive maintanance and fault detection of Energy systems

e Barriers for microgrids and optimal synergies...
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