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Port Integrated Energy System (PIES) @ ‘
 PIES considered in the paper
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Methodology

e Deterministic approach
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Methodology

« Stochastic approach
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« Stochastic approach
— Pre-processing data, e.g., Market 1 electricity price
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« Stochastic approach

— Post-processing data

« Weighting results according to the probability of each 24-hour data
set

— Benefits of processing data
« Decouples energy demand from price fluctuations
» Allows for easy incorporation of future uncertainties
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« Sizing of systems

Market1l Market2 Gridonly Grid+BESS  Grid+BESS+PV  Grid+BESS+PV+WT
Port A Yes No Case Al.1 Case Al1.2 Case A1.3 Case Al.4
Case Al.1 0 Port A No Yes Case A2.4
Port B Yes No Case B1.1 Case B1.2 Case B1.3 Case Bl1.4
Case Al.2 I 71
Port B No Yes Case B2.4
Case Al.3 I 68
Case Al.4 M 25 Overview of cases
CaseB1.1 0
Case B1.2 I 82
Case B1.3 I 79 Size constraints
Case B1.4 s 71 Grid (drawn/feed-in) PV (east/west/south) WT
Port A 5/5 MW 0.6/0.6/1 MW 4.5 MW
0 50 100 / PR P
Battery Capacity [MWh] Port B 25/5 MW 0.6/0.6/1 MWp 4.5 MWp

Optimal battery capacity size

Optimal photovoltaic panel (PV) and wind
turbine (WT) sizes are equal to maximum
constraint size, listed in the table above
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Results

« CAPEX

Case Al.1 0
Case Al.2 I 71
Case A1.3 I 68

Case A1.4 mmmm 25
correlated

Case B1.1 0 < >

Case B1.2 NI 32
Case B1.3 Iaaamams 79

Case B1.4 I 71

0 50 100
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Optimal battery capacity size

ik .

Case A1.1 0.0

Case Al.2 IINNNNEESSSS————— 6.8
Case Al.3 IINNNNNNNNN———— 6.6
Case A1.4 IS 3.0

CaseB1.1 0.0

Case B1.2 IIaaams 7.8
Case B1.3 NIaaaaaas 7.7

Case B1.4 NIaamss 7.3
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Levelized CAPEX [M€/year]

Levelized CAPEX cost to build the
system

12



Results Elmtmk_a T ®NTNU ®

« Comparison of deterministic and stochastic OPEX
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* Levelized cost of energy (LCOE)
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Conclusions o

* The deterministic approach offers a precise foundation for sizing
renewable energy components

« The stochastic approach provides a reasonably accurate
assessment of the economic viability of PIES

« The analysis indicates that a combined PV, WT, and BESS system
offers the most cost-efficient solution for grid lock

» |Increasing the capacity of renewable energy sources significantly
diminishes the required capacity for BESS

« The BESS+PV+WT system solution is viable only if grid electricity is
generated from carbon-intensive sources
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Safety assessment

Safety assessment of technical
and operational aspects

Environmental
Assessment

GHG and other
emission reduction

BlueBAGE-Port
interfacing

Connection with port power
supply and charging

BlueBARGE-ships
interfacing

Connection and power
supply to ships

Project 101138694 — BlueBARGE

bluedarge
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