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Motivation

* To study the connection between water and energy system

* Developing innovative solutions for island independence and
decarbonisation

* Implementation of RES with water supply system
* Simulation of water system and power system optimization
* To analyse alternative scenarios
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INSULAE project

Unije island
88 residents
Desalination plant 27 kW

Strategy: , Island Unije — self-sustainable island”

Partners in Croatia:

— FSB

— Ericsson Nikola Tesla

— REA Kvarner

— Water utility Cres i LoSinj
— WWEF Adria

— HEP (associate partner)
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Planned water system

Unije Island

Existing state:
Brackish water well and associated pumps

Legend

Water system
. Planned pressure pipeine from desalination plant
10 WaTEr IOWer

Public water tanks
Desalination unit (80 m3/day) + PV plant 7 kW

Water supply and drainage system under
construction

—NOT impOrtant
Planned water system

Objects

@ Planned drinking water pumping station

@  Existing brackish water wel

© Boatwater carrier dock

B Desaination plant
I Pannedwatersower V=800 m*

I ostog watertank

Planned state:
PV plant (1300 kW) + battery system (400 kW/1600 kWh)
Water tower (800 m3)

Legend

Drainage system

~——Planned drainage network

===Planned pressure pipeline due to terrain

—Planned discharge pipeline from Water Treatmen Plant
Objects

©® Sewage Pumping Station
¥# \Water treatment plant

|0 250 S00 1,000 1,500 2,000
TN W W— 7

~ Planned drainage/sewerage system
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EPANET

Water system simulation \ \ e A
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Ca”IOpe mOdelllng S Electrical lines
X1 >
Heat pipes

framework

Rooftop PV
X3

Boiler

* Energy system optimization

* Wide variety of technology
modelling possibilities

Carrier flow: electricity

* Urban area modelling B ol ot pomr w0t
example 5 el g s

* https://calliope.readthedocs
io/en/stable/index.html HHH |
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https://calliope.readthedocs.io/en/stable/index.html

Mathematical model

Objective function:

max (CexpDexp,i _ Cimp,ipimp,i _ Cdesal,iCdesal,i _ Z CmtnPteh,i) [EUR]-
i

Costs of maintainance:

Z CmtnPteh,i = Cmtn,PV(PPV1300,i + PPV7,i) + Cmtn,bathat,i + Cmtn,destesal,i [EUR]-

i
Energy conservation equation:

Del.en,i + Cdesal,i + Dexp,i — PPV1300,i + PPV7,i + Pbat,i + Pimp,i [kW]

Volume conservation equation:

Dwat,i T Pyati = Cdesal,i [mg/h]
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Validation

Water level values
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Results

Electricity price and desalination plant operation

30 125
B -
= 25 100 2
a ~
S 75 2
g 50
o 3
= 10 8
(v 5 25 ©
3 )
o 0 0o 2

28-Feb 1-Mar 2-Mar 3-Mar  4-Mar  5-Mar 6-Mar  7-Mar -

Hour, h
B Desalination plant operation === Electricity price
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Results

300
250
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100

Generation E, MWh
(Op)
o

PV Plant generation

i

1 2 3 4 5 6 7 8 9 10 11 12

Month

100%
80% PV plant export
60% o [N Battery charging
e
40% » Total PV plant
0% generation
(0]
- Energy for battery
0% charging
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ReSU |tS 200 Power Qutputs
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Hour, h
B Desalination unit PV plant 7kW " Energy import
BN Battery PV plant 1300kW Energy export
——Electricity demand — Pumps
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Results
Battery charge

Energy level E,

Ui 1}

2190 4380 6570 8760
Hour, h

ﬁ&‘l.lL\‘./-lmm



LCOE comparison
140

Additional scenarios i

100

129
86
80 68 14 68
60
40
20
0

0.REF 0.altREF 1.0B 2.0D 4.PS

Symbol Scenario

LCOE, EUR/MWh

Battery optimization OB Battery capacity optimization
oD Desalination unit capacity optimization
Water tower optimization ov Water tower capacity optimization as addition to planned 800
e
PS Connecting existing water tanks to the future water system
KS Connecting house tanks to the future water system
uv Implementation of 20% water saving methods

Gray water recovery RSV Gray water recovery for use in agriculture

NG Wk

68

5.KS

67

6.UV

68

7.RSV




NSULAE

UC1-Joint management of
nybridized RES and storage

Joint EOTRP (optimal technical connection
to the grid)

Battery system design
PV and battery conceptual design

Two meetings on Unije communicating the
project with the locals

Continuous coordination with HEP
(croatian energy utility) for PV — battery
system integration
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INSULAE

UC2-Smart integration and
control of water and energy
systems

7 kW PV instalation on desalination plant
Design and mapping of the pipeline

Continuous coordination with ViOCL and
local government

Soon completion of water pipeline works
Desalination plant ready for operation

Two presentations on Unije island
discussing the use case with the locals
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INSULAE

UC3-Empowerment of islands’ energy
communities through 5G and loT
technologies for flexibility services

Coordination with CIRCE regarding
EnergyBox

HW/SW adjustments made for EnergyBox
to be compatible with several planned
Sensors

EnergyBox testing at Ericsson Lab in Zagreb

Backend infrastructure operational (loT
Consolidator) in Ericsson cloud

Temperatura

Frontend design for data monitoring
(energy consumption, temperature...)

Installation of Meteo station on Unije (near
desalination plant)

Plan for sensors installation and integration
with software completed
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Meteo stanica Unije

—4— Temperatura @ Rel. viaZznost —@— Tlak - Vjetar @ Oborine

On-site installations

Installation of Meteo station on Unije
Plan for sensors installation

T T
12:00 14:00
©7-08 07-08

and integration with software completed :

Data collection — electric power demand

and production monitoring, water system monitoring

Elektricna energija Meteo podaci
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Thank you for your attention
goran.krajacic@fsb.hr
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