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1 | Introduction

Maritime ports handle over 80% of global trade but are significant contributors to greenhouse gas emissions. The International Maritime Organization
targets carbon neutrality by 2050, pushing ports to adopt clean, electrified energy systems. DC grids have emerged as key enabling technology: high
efficiency, native compatibility with PV, BESS, and EV charging, plus the ability to supply ships at both DC and AC (50/60 Hz). Real-world port
demonstrations remain limited, motivating this proof-of-concept at Port of Funchal within the Shift2DC project.

2 | System Architecture: Four Layers 5 | Digital Twin Architecture

L1 — Existing Port Grid: Smart meters continuously monitor 32 circuits,
providing real time data for the digital twin.

L2 — Physical Demonstrator: DC microgrid (350VDC) with distributed
droop control enabling decentralized coordination between converters wit
no central controller (implemented as per CurrentOS specifications).

L3 — Port Energy Hub: Virtual layer representing the port as a full energy
hub. Integrates large-scale PV generation, a BESS and a hydrogen system
comprising an electrolyzer, hydrogen storage, and a fuel cel.

L4 — Shore-Side Energy: Planned infrastructure to supply power directly to
docked cruise ships
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Fig. 1 — Left: DC Demonstrator in Port — Single Line Diagram;
Right: DT System Simplified Architecture

3 | Physical Demonstrator Specifications

DC Bus: 350 V DC P-V droop controlled with 11kW AC Interlink.

PV subsystem: 11 kW DC-DC converter with droop adapted MPPT.

BESS: 250 V nominal, 25 kWh total, 11 kW DC-DC converter.

EV Charging: 2x22 kW, OCPP1.6/2.01. Bidirectional (ISO 15118-20)
Forklift Charger: 50 V nominal, 11kW DC-DC converter

Enclosure: All converters installed in 19" industrial racks for modularity
and ease of maintenance.

4 | Control & Communication Architecture

Each converter connects via CAN bus (CANopen protocol). A Python
supervisory layer handles power setpoints, droop curve adjustment, and
real-time V/I/P acquisition.

A Raspberry Pi controller with Kvaser CAN interface communicates via
TCP/IP to a central server aggregating device states and operational
measurements. Initial commissioning was performed at IST, Lisbon, with
programmable supplies emulating PV and BESS before on-site
deployment.

Data acquisition (SSOT): Smart meters forward data to central EMS.
Middleware polls every 5s and pushes via WebSockets.

Vessel modeling microservice: Scrapes port authority website daily and
generates predictive energy demand profiles for each vessel.

DC power flow microservice: Runs automated power flow simulations
every 60 seconds using live data.

Visualization Interface: Aggregates live metrics Stacked area chart shows
per-device power distribution.

2.5D geospatial map: Live electrical topology projected onto geographic
layout of Funchal. 3D vessel models linked to energy demand profiles.
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Fig. 2 — Left: Main dashboard of the Digital Twin 2.5D geospatial interface
Right: Funchal port demonstration commissioning

Conclusions & Future Work

v 350 V DC bus validated at Port of Funchal integrating PV, BESS,EV/forklift
charging, and bidirectional AC/DC converter

v Stable multi-converter coordination via distributed droop control

v Digital Twin enabled real-time monitoring, vessel demand forecasting,
and automated DC power flow simulations

v Physical and digital layers successfully synchronized in near real-time

v Bidirectional EV charging under 1SO 15118-20 (V2G)

Future: Scale to higher power levels, integrate hydrogen assets

(electrolyzer + fuel cell), validate ship-to-port energy exchange, assess

long-term operational and economic performance.
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