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Disclaimer

This document has been produced in the context of the ENEPORTS Project. The
ENEPORTS project is part of the Interreg Atlantic Area (IAA) Program for research
and development and as such, funded by the European Commission. All the
information in this document is provided because of research undertaken by
Partners of the Consortium. The user thereof must use the information taking into
consideration the unique characteristics of the Partners included in the research.
The user will use the information at its sole risk and liability. For the avoidance of
all doubts, the Interreg Atlantic Area (IAA) Authorities have no liability concerning
this document, which merely represents the authors’ view.
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Executive summary

This deliverable aims to provide information related to the deployment and design
of internal energy markets in Port Areas. The profound transformation undergone
by Ports due to decarbonisation objectives open some room for developing such
markets besides the integration of renewable energies as new agents within the
Ports’ ecosystems. This report presents a replicable methodology for designing
Internal Energy Markets in Port Areas that will ensure efficient coordination of
multiple energy assets and actors while establishing a coherent interaction with
external electricity markets.

About ENEPORTS

ENEPORTS’'s main objective is to promote energy efficiency and reduce
greenhouse gas emissions in the maritime sector through the implementation of
renewable energy and low-carbon impact technologies at Atlantic Area Ports. Not
only the implementation of those technologies but also an Energy Management
System will try to optimize the energy consumption of the unique ports energy
ecosystems.

Three ports of the Atlantic Area located in Spain and Portugal will serve as
experimental areas for simulating the energy environments integrating both
renewable and/or low-carbon energy and energy efficiency protocols. The interest
relies on simulating different integrations for each port, considering a diverse range
of energy ecosystems that will help develop a tool able to manage all energy inputs
of the ecosystem towards the decarbonization and boosting energy efficiency at
ports. Eventually, ports could become Energy HUBs generating, through renewable
sources, all necessary energy to match their demand. Technologies included in the
different ports are onshore wind energy, offshore (fixed and floating) wind energy,
photovoltaic energy (floating and onshore), Onshore Power Supply, sea energies
(tidal and wave energies), batteries, electric vehicle charging stations and green
hydrogen through hydrogen electrolyzers.

The aim is to decarbonize a difficult-to-decarbonize sector through innovative
energy technologies, digitalization and intelligent models that will manage all
information and help improve the energy efficiency of each port, setting a
replicable model that could be worldwide implemented by other ports.
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1. Abstract

This deliverable presents a replicable methodology for the design and deployment
of Internal Energy Markets in port areas, supporting the transformation of ports
into active energy hubs within the energy transition. As ports integrate increasing
shares of renewable generation, storage, electrified services and new energy
vectors such as hydrogen, coordinated energy management becomes essential.
The proposed methodology defines a Port Internal Energy Market (PIEM) as a
structured, multi-actor and multi-asset market mechanism that enables local
energy exchange and flexibility services while remaining fully aligned with external
electricity markets and regulatory frameworks. The report establishes a
conceptual framework, governing rules, market layers and digital architecture
adapted to the technical, operational and regulatory constraints of port
environments. It also addresses interaction with national and European electricity
markets, ensuring regulatory consistency, system reliability and economic
efficiency. The methodology is designed to be scalable and adaptable, providing
port authorities and stakeholders with a practical roadmap for implementation and
replication across diverse port contexts

2. Introduction and Scope

2.1. Ports as emerging energy hubs in the
energy transition.

Traditionally considered as large energy consumers, Ports are progressively
evolving into active energy hubs as they have to comply with decarbonization
objectives. The deployment of renewable energies in Ports becomes more
attractive due to Port’s unique characteristics regarding their abundant renewable
resource and a high potential for renewable energies plants’ installation. Ports are
therefore becoming energy hubs with the abilities to produce, store, manage and
exchange energy both internally and with external energy systems.

These abilities or capacities create new roles and actors that Ports did not
originally have, requiring a common techno-economic framework and a new
organisational basis for an efficient and secure operation. These new markets must
be aligned with the existing electricity markets and all national regulatory
constraints.

Ports regularly concentrate industrial activity (offshore wind power industry
increasingly each day), logistics operations and logistics hubs, transport services
and other services making Ports essential players of the industrial and socio-
economic environment. Ports, as critical nodes for their countries, are also
becoming critical nodes in the energy transition. Ships, boats, vessels requiring
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electricity when moored or industries and services increasingly getting electrified
require more electricity supply. This increase in electricity demand comes
alongside an increase in energy demand in form of hydrogen, synthetic fuels,
heat... The overall increase in energy demand creates opportunities for local
energy production and flexibility, taking Ports from being passive energy
consumers to be active participants in energy systems.

2.2. Objectives of the methodology

By proposing a methodology to create internal energy markets in Port ecosystems,
the objective is to provide a replicable framework for Port Areas aiming to
coordinate distributed energy resources and flexible demand while complying with
all regulations and aligning to external and conventional electricity markets.

Ports haven't traditionally been energy operators and with this methodology a new
business model is being presented as an alternative evolution that adapts to both
Ports capacities and their surrounding’s requirements or needs.

An implicit objective when creating internal energy markets is to facilitate
economic viability and a transparent value allocation. With the proposed
methodology, Ports have a scalable approach that can adapt to each different
context.

2.3. Scope, assumptions and target audience

The proposed methodology seeks to reach medium and large Ports that are
considering or actually undergoing the necessary actions for becoming energy
hubs. In essence, ports integrating multiple energy assets and actors, willing to
operate in an internal network and with an external network through a physical
connection.

The target audience is therefore Port Authorities, Ports’ energy grids System
Operators and Project developers interested in developing their energy
production, storage and management facilities within Port Areas as part of the
Port’s decarbonisation initiatives.

3. Conceptual framework for internal
energy markets in Ports

3.1. Definition of a Port Internal Energy Market
(PIEM)

9
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A Port Internal Energy Market (PIEM) is defined as a local, multi-actor and multi-
asset structured market mechanism that enables energy and flexibility services
among port stakeholders under a common set of operational and economic rules.

Transactions of energy and performance of flexibility services will be coordinated
by the PIEM, respecting physical network constraints and external market
obligations. PIEMs are designed to coexist with national or regional electricity
markets, preserving regulatory compliance while enhancing local optimisation and
system efficiency. Members and participants of this PIEM are renewable energy
producers, Port-owned utilities, Port concessionaires (consumers of any kind),
storage operators, system operators...

The PIEM will have the same elements as other markets, being able to use hedging
instruments to allocate price, volume and operational risks differently among
market participants. Therefore, all participants manage the risk they are able to,
preserving efficient price signals and enabling market investment.

3.2. Internal energy markets versus microgrids
and energy communities

A PIEM is just an adaptation to a smaller scale of the working principles making
possible national or regional energy markets. At a technical level, this methodology
could be applied to microgrids established at Port areas.

By giving those microgrids a layered price-based network, microgrids would have
a market based decision-making process for allocating costs, benefits and energy
flows. At the same time, it would be easier to determine which and how flexibility
and ancillary services are provided when operating the microgrid/Port Energy
structure connected to the regional grids.

3.3. Market layers adapted to port
environments

Ports implementing a Port Internal Energy Market (PIEM) should adopt a multi-
layered market architecture that mirrors wholesale electricity market layers but is
adapted to the port's physical, operational and regulatory constraints. As a
wholesale market, these internal markets are layered-structured, integrating a
short-term layer, a medium and long-term layer and a complementary mechanisms
layer.

Markets operate with different time horizons, and that’'s why all layers must be
coordinated and coherent to one another. The evolution of energy grid and energy
technologies are decentralising the energy systems, forcing short-term markets to
cover wider spaces with a finer temporal granularity. On the other hand, the same
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evolution is forcing medium and long-term markets to use specific mechanisms to
solve liquidity problems.

3.3.1. Short-term layer

This layer is where operational scheduling and balancing within the port take part
at the intra-day and real-time level. It manages the intra-port balancing, and all
possible “sudden”/short-notice flexibility offers. This market translates real-time
port conditions (generation, storage of any shape and technology, OPS state and
forecast, crane operation schedules, hydrogen production forecast, etc.) into
price/dispatch signals that coordinate energy resources and avoid local
congestion of the grid.

This layer will integrate different products and spaces for trading with energy
asset’s output depending on the Port assets and context. These possibilities could
be alocal day-ahead schedule (for predictable assets), an intraday trading window
(for variable loads and resources that can change within a one-hour period), Real-
time balancing window (for minutes and below minutes adjustments), ancillary
services market (though it requires a high-level technical development of physical
Ports’ energy grids. The shorter the timeframe covered is, the more value the
market is capable to make the most out of the available resources.

In this layer, the pricing model would use marginal auctions (pay as cleared),
following the best practice stated at “Electricity Market Design” from IEA [1]. It is
helpful to always have clear what'’s the critical loads and define a capacity reserve
that will ensure reliability of the market and will comply with the critical
infrastructure status of ports. In alignment with this capacity reserve, it is
necessary to clearly identify any internal grid constrain and elaborate ad-hoc
congestion signalling map, able to show participants the best synergies and
flexibility possibilities.

3.3.2. Medium and long-term layer

This layer integrates the internal contracts, bilateral agreements such as PPAs and
investment signals. The goal of this layer is to provide revenue and cost certainty
for capital investments in generation, storage, other energy vectors investments,
electrification infrastructure, digitisation and technological investments...

PPAs considered will include the ones between the energy generators and port
consumers, considering long-term agreements and facilitating risk hedging for
major consumers.

Special market mechanisms apply to those consumers with capability to adapt
their operation to variable predictable generation loads and to concessionaires
that follow consumption stable patterns.
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This layer will also include those products that open possibilities to the
heterogeneous pool of consumers, concessionaires, stakeholders and generators
of different sizes, giving guarantees of operation and access to different adapted
products and therefore, improving liquidity problems.

3.3.3. Complementary mechanisms

This layer aims to fill remaining gaps that markets alone may not address: reliability
for critical operations, investment support for strategic decarbonisation measures
(e.g., hydrogen electrolysers, large batteries), and targeted incentives to unlock
system-value technologies.

Some complementary mechanisms would be:

- Priority capacity allocations: reserve a small share of import/export capacity
for critical port services (e.g., OPS windows).

- Local capacity remuneration: short, tendered capacity payments for
availability of key assets (BESS/backup) during peak port operations.

- Decarbonisation support: port grants or CfD-ish mechanisms for hydrogen
or electrolyser infrastructure that has long payback, consistent with
national/regional schemes. The IEA highlights that complementary
mechanisms are widespread and must be aligned to avoid distorting price
signals [1].

This layer should include all those complementary mechanisms that will essentially
actuate for preserving short and long-term price signals.

4. Governing Rules and Boundary
Conditions

The design of an internal energy market in port areas must be framed within a well-
defined set of governing rules and boundary conditions that guarantee its legal,
technical and operational viability.

These conditions delimit the scope of action of the internal market, determining
which energy models are possible, which agents can participate and under what
restrictions they must operate.

Port areas are uniquely complex, combining critical infrastructure, public and
private agents, and a high degree of energy demand and simultaneity.

From the point of view of electricity market design, this type of environment is
characterised by a strong interdependence between economic decisions and the
physical constraints of the system, which requires special attention to be paid to
consistency between the market, operation and regulation.

12

u = |
o % ~— Port_ [ | Ferrol 7 | Institute Tecnoldgico v de A OLLSCOILNA GAILLIMHI E
l-Lg At Q Authority m Puerto D BOUIIderS @ ITER & reroae: ) Port of Galway OniveRsiTyor GauwAY

IS TS B0 poRTES. TN AtoridedPorturia
BouRosLEXDES vaNA T e 2



interreg Codfunded by
) Atlantic Area the European Union

For all these reasons, the design of the port's internal energy market must be
aligned not only with the European and national energy regulatory framework, but
also with the general principles of the internal electricity market, ensuring that local
energy exchange mechanisms are aligned with the functioning of the electricity
system as a whole and that no conflict is created in the operation of the network.

4.1. Regulatory and legal framework

4.1.1. European energy regulatory framework

At European level, the internal energy market is governed by a set of directives
and regulations that seek to create a competitive, flexible and decarbonised
electricity system. These principles are applicable to the design of internal energy
markets in port areas, although their implementation must be adapted to local
technical, operational and regulatory particularities.

Directive (EU) 2018/2001[2] on the promotion of the use of energy from
renewable sources was a major milestone in strengthening the right to self-
consumption, removing administrative barriers to distributed generation and
introducing the concept of Renewable Energy Communities. This directive
explicitly recognises the right of consumers to generate, consume, store and sell
renewable energy, individually or collectively, which constitutes a key legal basis
for internal energy markets.

The Directive also defines “peer-to-peer" (P2P) energy trading as the sale of
renewable energy through contracts between direct market operators or through
certified third parties, such as aggregators. This approach is particularly relevant
in port environments, where multiple consumers and producers coexist.

Regulation (EU) 2019/943[3] on the internal market for electricity lays down the
structural and operational rules for the internal market for electricity and Directive
(EU) 2019/944[4] on common rules for the internal market in electricity further
increases the flexibility of the electricity system and introduces the figure of the
independent aggregator, an actor distinct from traditional suppliers, capable of
jointly managing the demand and aggregation of multiple consumers or producers.

The International Energy Agency (IEA) highlights that aggregation is a key element
in enabling the effective participation of small and distributed resources in
electricity markets, especially in contexts with highly fragmented players, such as
ports.[5]

More recently, Directive (EU) 2023/2413[6], amending Directive (EU) 2018/2001,

strengthens the regulatory framework for self-consumption and energy

communities, simplifying administrative procedures and promoting collective
13
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generation and consumption schemes. It also recognises the growing role of
renewable energy purchase agreements (PPAs) as a complementary mechanism
to the wholesale market, although it notes that their implementation remains
concentrated among large consumers and in a limited number of Member States.

4.1.2. National regulation of self-consumption, aggregation
and P2P markets

The transposition and application of European energy regulations varies between
Member States, which directly affects the design of internal energy markets in port
areas depending on the country in question.

Following an analysis of the specific rules and regulations of the countries included
in this project's case studies, those considered relevant have been compiled.

In Spain, Royal Decree 244/2019[7] regulates the administrative, technical and
economic conditions for self-consumption, allowing individual and collective
modalities, with or without surpluses. However, the Spanish framework imposes
significant limitations on the direct exchange of energy between consumers and
maintains a strong link with the figure of the electricity distributor. The role of the
independent aggregator, although recognised in Royal Decree-Law 23/2020(8],
has not been fully developed in regulations, which limits participation in the
wholesale market.

The IEA warns that the lack of development of roles such as the aggregator may
hinder the efficient integration of flexible demand and distributed resources,
reducing the potential of local markets to contribute to system efficiency.[5]

In Portugal, Decree-Law 162/2019[9], which partially transposes Directive (EU)
2018/2001, establishes a more flexible framework for renewable self-consumption
and explicitly recognises the role of independent aggregators with clear functions
in energy consumption and demand management.

This framework is further developed in Regulation n°. 827/2023[10], approved by
the Energy Services Regulatory Authority (ERSE), which regulates aggregation
modalities, aggregator obligations, the use of electricity networks and last resort
aggregation mechanisms, creating a particularly favourable regulatory
environment for internal energy markets.

In France, Law n°. 2017-227[11] and the “Code de I'Energie”[12] regulate
individual and collective self-consumption, as well as energy communities. The role
of the aggregator is recognised, although its functions and obligations are not as
clearly defined as in other Member States.

In Ireland, although there is no specific regulation for independent aggregators, the
Micro-generation Support Scheme (MSS) and the Renewable Electricity Support

14
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Scheme (RESS) promote distributed generation through economic incentives and
surplus purchase tariffs, in a context of progressive modernisation of the electricity
market. As highlighted by the IEA, such support schemes must be carefully
integrated with electricity markets to avoid distortions in price signals.[5]

Regarding P2P (“peer-to-peer") trading, Portugal stands out as the only country
analysed that has developed a specific regulatory framework allowing direct
energy trading between self-consumers. In Spain, France and Ireland, this
mechanism does not have specific regulations, although there are pilot projects or
experimental environments.

4.1.3. Portregulatory framework

The design of the internal energy market in port areas must also be aligned with
specific port governance regulations, which establish the principles of access to
infrastructure, service provision and financial transparency.

Environments with multiple actors and shared assets require clear governance
rules to avoid conflicts of interest and ensure the efficient functioning of the
system.

At European level, Regulation (EU) 2017/352[13] establishes a common
framework for the provision of port services and financial transparency, ensuring
non-discriminatory access to infrastructure and competition between operators.
These principles are directly applicable to the management of shared energy
infrastructure within the port and the organisation of internal energy exchange
mechanisms.

At the national level, port governance models differ in the following ways:

e In Spain, management is centralised through “Puertos del Estado” (State Ports),
under Royal Legislative Decree 2/2011[14], which regulates State Ports and the
Merchant Navy.

. In Portugal, management is decentralised, with management delegated to
Regional Port Authorities and private operators, supervised by the Ministry of
Infrastructure, while economic regulation is carried out by the AMT (Mobility and
Transports Authority), in accordance with Decree-Law n°. 298/93[15], Decree-
Law -Law n°. 324/94[16] and Decree-Law n°. 43/2018[17].

. In France, the model is mixed, with the ‘Grands Ports Maritimes’ (GPM),
autonomous public entities under State supervision and regulated by the ‘Code
des Transports’ and Law n°. 2008-660.

. In Ireland, port management is decentralised, with the “Port Companies”
operating the ports on a semi-state basis, under the supervision of the Department

of Transport and in accordance with the Harbours Acts of 1996, 2009 and 2015.
15
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These governance frameworks directly condition the role that the port authority
can play in an internal energy market, whether as a facilitator, coordinator or owner
of common energy infrastructure, and must be taken into account as an essential
boundary condition in market design.

4.2. Standards, interoperability and existing
systems

The design of an internal energy market in port areas cannot be approached solely
from a regulatory or economic perspective, but must be governed by technical
standards, interoperability requirements and compatibility with existing energy and
digital systems.

These elements ensure the efficient and secure operation of the internal market,
as well as its proper integration with the electricity system.

In port environments, characterised by the coexistence of different operators,
heterogeneous infrastructures and energy assets, interoperability and compliance
with standards are particularly critical.

4.2.1. Interoperability

Interoperability, in the context of the internal electricity market, refers to the ability
of different energy systems, digital platforms, devices and agents to exchange
data and energy securely, operating in a coordinated manner and using common
standards and procedures.

This principle is explicitly set out in Directive (EU) 2019/944[4], Article 24 of which
establishes the obligation for Member States to facilitate the full interoperability of
energy services, linking it directly to access to electricity metering and
consumption data. The Directive emphasises that interoperability is a necessary
requirement for promoting competition in the retail market, reducing administrative
burdens and enabling the effective participation of new players, such as
independent aggregators and energy communities.

Regulation (EU) 2019/943[3], for its part, reinforces this approach from an
operational and market perspective. In Article 59, it empowers the European
Commission to adopt implementing acts to ensure uniform conditions for the
application of the internal market by establishing interoperability standards
covering both data exchange and the technical operation of the electricity system.
These provisions ensure that the different levels of the system — from distributed
resources to wholesale markets — can interact in a coherent manner.
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Furthermore, the International Energy Agency (IEA) report “Electricity Market
Design”emphasises that the effective integration of distributed energy resources
requires mechanisms that enable their coordinated participation in the different
layers of the electricity market, avoiding the creation of structures that are isolated
or incompatible with the overall system. In this context, aggregation and
technological interoperability are identified as key elements in enabling the
participation of small and dispersed assets in organised electricity markets.[5]

Applied to an internal port market, interoperability is essential for:

e Interaction between each other and with the electrical system through
standardised interfaces for energy resources such as renewable
generation, energy storage, flexible loads, recharging infrastructure, etc.

e Compatibility of internal energy exchange mechanisms with wholesale,
intraday and balancing services markets, acting as complementary layers
rather than parallel systems.

e Access to energy data by the market agents involved.

e Enabling collective self-consumption models.

Beyond electrical infrastructure, internal energy markets also require digital
platforms capable of managing:

Advanced metering and real-time energy data.

Energy distribution among the various participants in the system.

Financial settlement of internal energy exchanges.

Coordination with external agents such as marketers, aggregators and
network operators.

In this area, interoperability between the following is essential:

e Port energy management systems (EMS).
e Network operator systems (DSO/TSO).

e Market or aggregation platforms.

e Billing and settlement systems.

The use of open protocols and standardised data models is a key requirement to
avoid technological dependencies and facilitate the progressive incorporation of
new participants or services.

The experience gathered by the IEA shows that market schemes that do not
guarantee this interoperability tend to limit competition and reduce the efficiency
of the system in the medium and long term.[5]

4.2.2. Standards and Network Codes
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Interoperability in the internal electricity market is based on a set of common
technical standards, established mainly through the European Network Codes.
These codes are developed in application of Regulation (EU) 2019/943 and
constitute mandatory standards for all agents connected to the electricity system.

The European Network Codes cover three areas: grid connection, system
operation and markets.

From the perspective of an internal energy market in port areas, the Connection
Network Codes[18] are particularly relevant, as they establish requirements for:

e electricity generation facilities

e consumption facilities

e storage systems

¢ HVDC links and advanced power electronics technologies.

These include Regulation (EU) 2016/631[19] (requirements for connecting
generators), Regulation (EU) 2016/1388[20] (connection of demand) and
Regulation (EU) 2016/1447[21] (connection of HVDC systems). These standards
ensure that port energy infrastructures meet the same technical and operational
criteria as other assets in the European electricity system.

The IEC/ISO/IEEE 80005-1:2019([22] standards for shore-side electricity supply
systems for ships in port (OPS), which define the general requirements, must also
be taken into account, as well as the regulations associated with electric vehicle
charging infrastructure (IEC 61851-1:2017[23]), which are increasingly relevant in
the port electrification process.

Furthermore, the Network Codes relating to system operation and markets
establish common rules for the provision of balancing services, congestion
management, energy exchange and the participation of aggregated resources.
This prevents the creation of disconnected or incompatible internal markets and
requires any local port market to act as a complementary mechanism to the general
electricity market.

4.2.3. Existing systems and energy data management

The internal port market must be designed in accordance with the principle of
compatibility with existing infrastructure and systems, both in terms of energy and
governance. Among other factors, it must not interfere with the responsibilities of
the system operator or with the mechanisms for balancing and security of supply.
It must respect current metering, billing and network access schemes, as well as
promoting the progressive integration of new assets.

Interoperability is not limited to the physical connection of electrical infrastructure,
but depends critically on the management of measurement and consumption data.
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In this area, the European Union has developed a specific framework aimed at
digitising the energy system and creating an interoperable data market.

Implementing Regulation (EU) 2023/1162[24], adopted pursuant to Article 24 of
Directive 2019/944, establishes the technical and procedural requirements for
access to, exchange and use of electricity metering and consumption data. This
regulation defines a common interoperability model based on:

e clear identification of roles and responsibilities (DSOs, TSOs, suppliers,
aggregators, data managers).

e standardised data access processes.

e standardised information models.

e information security and protection requirements.

The European Commission, through its ‘Guide to Interoperability of Metering and
Consumption Data{25] published in 2024, identifies different national data
management models (centralised, decentralised and hybrid), emphasising the
need for all of them to be compatible with a common European repository of
interoperability practices. This repository aims to facilitate the progressive
convergence of national systems and avoid barriers to the entry of new players.

In Spain, the implementation of Network Codes and data management systems is
coordinated by the system operator and transmission network operator, Red
Eléctrica de Esparfa (REE), as well as national data access platforms such as
Datadis. This ecosystem is the starting point for designing internal energy markets
in port areas, ensuring their compatibility with existing systems and their alignment
with the European framework.

4.3. Technical and operational constraints in
port areas

The design and operation of an internal energy market in port areas are
conditioned by a set of technical and operational constraints that limit the scope
of market mechanisms. These constraints stem from the physical configuration of
port infrastructure, safety requirements and continuity of electricity supply, and
the very nature of port operations, which are characterised by a high concentration
of loads, heavy dependence on electricity supply and limited operational flexibility.

Port electricity networks tend to have a closed or semi-closed topology, managed
by the Port Authority or designhated operators, and connected to the general
electricity system through one or more medium or high voltage supply points.
These networks have been designed with robustness and reliability criteria in mind,
aimed at guaranteeing supply during peaks in demand associated with specific
port operations, rather than facilitating dynamic energy flow management. As a
result, internal reconfiguration capacity is limited and the integration of new
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distributed energy resources is constrained by the physical capacity of the
existing network.

The process of progressive electrification of port activities —including the
implementation of shore-side electricity supply systems (OPS), the electrification
of heavy machinery and the development of new energy vectors such as
hydrogen, wind energy or photovoltaic installations— increases pressure on
internal networks and can cause local congestion. This congestion is not always
visible at the level of the overall electricity system, but it has a direct impact on the
operation of the internal port market, limiting the volume of exchangeable energy
and conditioning the application of competitive tariffs or market mechanisms. In
practice, managing these restrictions often requires internal operating rules and
load prioritisation criteria.

Added to these limitations are the strict safety and continuity of supply
requirements specific to ports, which are considered critical infrastructure. Port
operations involve activities that are essential to the logistics and energy chain,
which means there is very little tolerance for the risk of interruptions. As a result,
a significant portion of port consumption cannot participate in flexibility, demand
response or local energy exchange schemes. Continuity of supply takes
precedence over cost optimisation criteria, reducing the pool of energy resources
effectively available to the local market.

The integration of distributed renewable generation and storage systems also
faces specific constraints related to space availability, compatibility with existing
port uses, and technical and safety requirements. The connection of these assets
must comply with European Grid Codes, which may involve additional investments
in protection, control and communications systems. In many cases, these
requirements limit the scale of projects and affect their economic viability,
especially in existing port infrastructure.

Furthermore, energy flexibility in ports is limited by the rigidity of logistics
operations and by factors external to the electricity system, such as operating
hours, loading and unloading windows, and contractual commitments. This rigidity
reduces the actual capacity to respond to demand and limits the potential for
aggregating distributed energy resources, making it necessary to design market
mechanisms with caution.

Taken together, these technical and operational constraints require the domestic
energy market in port areas to be conceived as a hybrid system, in which economic
signals must coexist with clear operating rules, priority hierarchies and control
mechanisms that guarantee the security and continuity of supply.
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5. Methodology for the Design of Port
Internal Energy Markets

5.1. Characterisation of the port energy system

This step involves mapping energy assets, demand profiles, flexibility potential and
concessionaires’ roles. Accurate data collection is essential to identify optimisation
opportunities and system constraints, enhancing the ENEPORTS aim to promote
decarbonisation through digitisation in Ports.

5.2. Definition of market objectives and
performance criteria

If the Port is creating the market, the market objectives must be aligned to
decarbonisation and business-oriented goals of the Port. Clear objectives will be
essential to create the perfect market design. Cost minimisation, emissions
reduction, renewable self-consumption and security of supply are basic goals that
Ports and Ports’ energy markets have to follow as critical infrastructures and
Energy HUBs/Energy transition references. Key performance indicators should be
defined to assess market outcomes.

5.3. Market design options and operational
rules

Design choices include pricing mechanisms, settlement intervals, participation
rules and governance structures. Simplicity and transparency are critical to ensure
concessionaires and stakeholders acceptance and effective operation. This point
is directly linked to Section 3.3.

5.4. Digital architecture and data governance

Digital platforms enable real-time data exchange and real-time operation/energy
management, market clearing and settlement. Data governance frameworks must
address data ownership, access rights, privacy and cybersecurity. An example of
digital platform is the one developed in ENEPORTS, whose capabilities will be
developed and explained thoroughly within activity 4.4.2 in deliverable Report R18:
“Definition of smart platform capabilities”.

5.5. Interaction with the external energy

market
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The PIEM must align internal prices and schedules with external market signals.
Import and export strategies, peak management and flexibility provision should be
optimised to avoid distortions and ensure regulatory compliance. Exports to the
external market are not always possible due to access and connection capacity of
the grid, and that's why specially in ports, flexibility and storage assets are
essential to offer good market conditions that allow Ports to retain customers and
agents in the market (concessionaires and stakeholders).

6. Interaction between Internal Port
Markets and External Energy Systems

The design of an internal energy market in a port environment cannot be addressed
in isolation from the external electricity system. Ports are complex energy hubs,
characterised by a high concentration of loads, the growing presence of
distributed generation, storage and process electrification, and a strong
interdependence between operational continuity and security of supply. In this
context, the interaction between the port's internal market and the external
electricity system — whether through the distribution network (DSO) or the
transmission network (TSO) — is a structural element of market design, from an
operational, economic and regulatory point of view.

The internal port market should be conceived as a complementary mechanism
integrated into the general electricity market, capable of optimising local resources
and providing flexibility to the system, without generating regulatory or technical
dysfunctions at the point of connection to the public grid.

6.1. Operational interaction with the external
electricity market

From an operational perspective, the interaction between the port's internal market
and the external electricity system revolves around the scheduling, monitoring and
control of energy exchange at the border point, as well as the management of
technical constraints and exceptional situations.

Regulation (EU) 2019/943 establishes as a fundamental principle that electricity
market participants must be able to adjust their positions as close to real time as
possible, promoting efficient daily and intraday markets and a gradual reduction in
the settlement period for deviations to 15 minutes. This framework requires internal
port markets to adopt a dynamic operating logic, based on updated forecasts and
the ability to continuously re-optimise the internal energy balance.

In practice, the internal market of the port must consolidate the behaviour of
multiple assets (industrial consumption, OPS, renewable generation, storage) into
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a net exchange profile with the public grid. This profile must be consistent with the
programmes sent to the external market or to the system operator, minimising
deviations between programmed energy and energy actually exchanged. The
mechanisms described in the wholesale market operating rules (OMIE[26]/REE
case in Spain, which can be extrapolated as a European standard) show how daily
scheduling is subsequently adjusted through intraday markets, redispatching due
to technical restrictions and, finally, deviation settlements managed by the system
operator.

The type of port connection significantly influences this operational interaction:
e Ports connected to distribution networks (DSOs):

In this case, interaction is mainly channelled through the distribution network
operator, which remains responsible for supply quality, power limits, voltage and
local congestion. The internal market must respect the capacities of the
distribution network and may be subject to local restrictions, especially in
scenarios of high electrification or high penetration of distributed generation.
Technical documents (such as NRZ102 in Spain[27]) from distribution operators
illustrate the usual requirements in terms of protections, measurement, control and
operational limits for private installations connected to medium or high voltage
networks.

 Ports directly connected to the transmission network (TSO):

In this scenario, the port acquires greater systemic relevance. Technical
documents from transmission operators (such as “Facilities connected to the
transmission grid: minimum design and equijpment requirements”, from REE in the
case of Spain) reflect requirements that are essentially common to European TSOs:
provision of a Control Centre, real-time information exchange, capacity to receive
active and reactive power instructions, and close coordination in abnormal
operating situations. In addition, specific agreements are required for the
exchange of signals in shared or electrically close substations, in order to
guarantee the safety and selectivity of protections.

In both cases, the internal port market must be integrated with a supervision and
control system (EMS/SCADA) capable of translating economic signals into viable
technical instructions and responding to constraints imposed by the external
system, avoiding behaviour incompatible with grid stability.

6.2. Economic interaction and price signal
alignment

Economic interaction between the internal port market and the external electricity
market is based on the correct alignment of price signals, so that local
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consumption, generation and storage decisions reflect both the value of energy on
the wholesale market and the costs and constraints of the system.

Regulation (EU) 2019/943 reinforces the role of short-term marginal signals and
promotes the participation of distributed resources through smaller market
products, facilitating the entry of demand, storage and distributed generation. This
approach is particularly relevant in port environments, where the fragmentation of
actors makes aggregation essential to achieve critical mass and economic
efficiency.

The introduction of 15-minute settlement periods for deviations significantly
increases the economic value of flexibility. For a port, this means that the ability to
shift loads, modulate OPS, manage storage or coordinate industrial processes can
translate into a substantial reduction in energy costs and deviation penalties. The
market rules analysed show how deviations between scheduled energy and
measured energy are settled economically, exposing agents to additional costs if
they do not manage their balance properly.

In addition to the price of energy, the port faces a series of regulated costs that
must be internalised in the design of the internal market:

e Penalties for excess contracted power.

e Costs associated with reactive energy and low power factor, particularly
relevant in facilities with a high presence of power electronics.

e Economic impacts resulting from supply quality issues (harmonics, flicker,
imbalances), which can lead to operational restrictions or corrective
investments.

The Energy Management Guide for Ports[28] emphasises the importance of
optimising these parameters, recommending reactive compensation, harmonic
control and power scenario simulation. In a well-designed internal market, these
costs should be reflected in local prices or internal cost-sharing mechanisms,
incentivising efficient behaviour on the part of participants.

6.3. Regulatory consistency and system
integration

Finally, interaction between the internal port market and the external system must
be based on a framework of regulatory consistency, avoiding the creation of
‘market islands’ disconnected from the overall design of the electricity market.

Regulation (EU) 2019/943 and Directive (EU) 2019/944 establish common
principles of transparency, non-discrimination and market access, as well as the
recognition of aggregation as a key mechanism for integrating distributed
resources. The internal port market must respect these principles, clearly defining:
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e Who assumes responsibility for balancing with the external system.
e How the costs of deviations and restrictions are distributed internally.
e What rules govern the access of different port actors to the internal market.

From a technical point of view, consistency with European network codes and
access and connection requirements is essential. TSO and DSO documents show
that secure system operation requires minimum control, measurement and
communication capabilities at the border point, regardless of the economic model
adopted internally.

In this regard, the national cases analysed, although specific to Spain, offer
patterns that can be extrapolated to the European context: separation between
market and system operation, constraint management mechanisms, and
settlement of deviations as a tool to ensure system discipline. The internal port
market must be designed in such a way that it can be coupled with these national
schemes, while maintaining sufficient flexibility to adapt to different regulatory
frameworks without losing functional consistency.

7. Replicability, Scalability and
Implementation Roadmap

7.1. Replicable elements and site-specific
adaptations

Core elements such as market layers, digital architecture and governance
principles are replicable, while asset portfolios and regulatory constraints are site-
specific.

7.2. Minimum requirements for implementation

Minimum requirements include advanced metering, digital platforms, clear
governance and regulatory approval.

7.3. Phased deployment and scaling strategy

A phased approach allows gradual implementation, starting with monitoring and
coordination and progressing toward full market operation.
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