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University of Bologna  Fluid Machines and Energy Systems Research Group Speaker: Maria Alessandra Ancona

RESEARCH TOPIC: COMPLEX ENERGY NETWORKS

Partners for Mini Grid Topics:

» Chalmers University — Goteborg (Sweden)

« CNR

GENERATION SYSTEMS AND
STORAGE TECHNOLOGIES:

e ORC Laboratory

e Ravenna Laboratory
e Power-to Gas (P2G)
e Liquefied Natural Gas (LNG)

THERMAL DISTRIBUTION
NETWORKS:

* DTU - Technical University of Denmark
« ENEA

e Software IHENA
o Smart District Heating

« EPFL - Ecole Polytechnique Fédérale de Lausanne

» Ferrari Technology
STRATEGIES FOR OPTIMAL
MANAGEMENT IN

e QGraf Spa POLYGENERATION GRIDS:
e Star Eng ine * Software EGO - genetic
algorithms

» University of Ferrara
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GENERATION SYSTEMS: ORC LABORATORY e
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GENERATION SYSTEMS: ORC LABORATORY s

RC Laboratory

ol
« Ravenna Laboratory
« Power-to Gas (P2G)
« Liquefied Natural Gas (LNG)
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Collaboration: University of Ferrara, Star Engine — ORC manufacturer
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GENERATION SYSTEMS: ORC LABORATORY

S8

Hydraulic pump driven by a micro-ORC
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Test Bench

System characteristics:

* R134a

« Pressure Head = 0.6 ~ 1.8 bar

* Tyz0not =50+ 75°C

* Thzocota = 24+ 26°C

» Pump and expander: double acting-piston machines
» No electronic control system required

Maria Alessandra Ancona

GENERATION SYSTEMS AND
STORAGE TECHNOLOGIES:
« ORC Laboratory
« Ravenna Laboratory
« Power-to Gas (P2G
« Liquefied Natural Gas (LNG)
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GENERATION SYSTEMS AND STORAGE: RAVENNA LABORATORY

Micro-grid Test Bench
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LOAD
EMULATOR

GENERATION SYSTEMS AND
STORAGE TECHNOLOGIES:

* ORC Laboratory

« Ravenna Laboratory
« Power-to Gas (P2G)
« Liquefied Natural Gas (LNG)

SYSTEM

MAX. INPUT CURRENT, PHOTOVOLTAICS
SYSTEM VOLTAGE, PHOTOVOLTAICS
MAX OUTPUT CURRENT 12 V DC

MAX. CONTINUOUS OUTPUT 230 V AC
MOMENTARY PEAK LOAD

OUTPUT VOLTAGE FREQUENCY

30A

24V DC

2A

700 W

1050 W ( 10 SEC)

230V, 50/60 HZ, TRUE SINUS

SOLAR MODULES (EACH)
TYPE POLYCRYSTALLINE
SYSTEM VOLTAGE 24V DC
MPP OUTPUT 220 W
EFFICIENCY >13% @AM1.5
SHORT CIRCUIT CURRENT 8.62 A
MPP VOLTAGE 27.54V

BATTERIES (EACH)

TYPE LEAD-ACID BATTERY
SYSTEM VOLTAGE 12V DC
CAPACITY 55 AH

HYDROGEN GENERATOR
TYPE PROTON EXCHANGE MEMBRANE

PRODUCTION CAPACITY
HYDROGEN PURITY
INPUT VOLTAGE

MAX. CONSUMPTION

30 SL/H @10.7 BAR
6.0 (99.999%)

120 VAC /50- 60 HZ
300 VA

ELECTRONIC DC LOAD EMULATOR

INPUT VOLTAGE RANGE
INPUT POWER RANGE
INPUT CURRENT RANGE

0-360 V
0-300 W
0-30A

Maria Alessandra Ancona
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GENERATION SYSTEMS AND STORAGE: RAVENNA LABORATORY /s

* ORC Laboratory
Ravenna Laboratory

.
« Power-to Gas (P2G)
« Liquefied Natural Gas (LNG)
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STORAGE TECHNOLOGIES: POWER TO GAS

CO: from external processes methanation
(capture & storage,
gassification, pirolisys, CH.

anaerobic digestors, etc.) D

users

GENERATION SYSTEMS AND
STORAGE TECHNOLOGIES:

+ ORC Laboratory
« Ravenna Laboratory
« Power-to Gas (P2G)
« Liquefied Natural Gas (LNG)

Production of Synthetic
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h ' 2
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Ha,ric
RO«
Ricircolo H, Ricircolo

Carried out analysis:
Model of the system with ASPEN HYSIS

Electrolysis and methanation optimization

Heat recovery from different sections of the process

Performance optimization

Collaboration: CNR — National Council of Research
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STORAGE TECHNOLOGIES: LNG A

« ORC Laboratory

| « Ravenna Laboratory
|« Powerto Gas (P2G)

« Liquefied Natural Gas (LNG)

\
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Exchanger Exchanger Exchanger Exchanger Exchanger Exchanger E1
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Flash Flash
Primary Line Tank Primary Line Tank
11 11
. . LNG Storage LNG Storage
Carried out analysis: Tank Tank
* Layout definition and optimization (minimum compressors consumption, heat exchange optimization)
* Parametric analysis for the process optimization: maximum pressure, storage pressure, chiller outlet temperature
* Performance evaluation
L]

Waste heat recovery analysis and possible integration with bottoming cycles

Collaboration: Graf S.p.a. (prototype realization), Clean Port project (POR-FESR 2014-2020)
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THERMAL DISTRIBUTION NETWORKS: SOFTWARE IHENA /\

| « Software IHENA
\ « Smart District Heating

R - {1 . Y
Bl i o Software IHENA for the design
g ciiton ¢ 1. NETWORK GEOMETRY : .
; ! IMPLEMENTATION and analysis of traditional or
: (€ ¢ ( Solis fotri ;
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E iOEJ%gES §
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. definition ]
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[ I S AU SN DN : 4. GEOMETRY AND .. p_ ) ( . ,y ) -
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crrzzzzzzzi P ; the utilities
:m : 7| erarnoureur |
P R 3. USERS
DEFINITION
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THERMAL DISTRIBUTION NETWORKS: SMART DISTRICT HEATING

THERMAL DISTRIBUTION
NETWORKS:

* Software IHENA
o Smart District Heating

DHN
return (

J J

v« Design ex novo of a smart user
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dr.
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Carried out analysis:

* Layout (strategy) definition
* Operational logic definition
* Control definition

* Substation design o1

user
return 6

Collaboration: ENEA (Italian National Agency for New Technologies, Energy and Sustainable

Economic Development) and Eurac Research
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STRATEGIES FOR OPTIMAL MANAGEMENT IN POLYGENERATION

GRIDS: SOFTWARE EGO

Software EGO for energy systems’ scheduling

optimization

v’ Scheduling optimization with the aim to minimize the total cost of energy

production

v/ Based on genetic algorithms
Objective Function FF =C; + Cy + Cy + Cp

* (): fuel cost

* (jy: maintenance costs

* (p: electricity purchase costs
* (p: fictitious costs

AUXILIARY
BOILERS (AB)
NATURAL BIOMASS
GAS
BOILERS (BB)

NETWORK

« Software EGO — genetic
algorithms:
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Electrical Priority Cr=Pgrs €ELs  PE
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STRATEGIES FOR OPTIMAL MANAGEMENT IN POLYGENERATION

* Software EGO — genetic

GRIDS: CASE STUDY
//// Total fuel consumption (for heat and €O, Emissions [tons/y]

electricity production)

39%
- ()
17 T - 39% 12000 -
60000000.00 - 10000 -
: 11 50000000.00 - 2000 -
40000000.00 -
6000 -
13 30000000.00 -
] £ 20000000.00 - 4000 -
; 12 . 10000000.00 - 2000 -
16 )11 s : : 0.00 - ! ! 0 1 1
e, Reference Case  New scenario Reference Case New scenario
AL Electricity Grid
01 K
03 . v
e 10000000.00 -
15 Thermal 9000000.00 - _ 58%
Power 8000000.00 -
Station 7000000.00 - W Electric Energy from the
6000000.00 - Grid [kWh/y]
5000000.00 - . . _
4000000.00 - I[EliizAc/Lr/lc]Energylnto the Grid
3000000.00 - y
2000000.00 - 0
1000000.00 - 100%’
Collaboration: ENEA, Efficity project (POR-FESR 2014-2020) 0.00 - ' :
Reference Case New scenario
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