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Abstract—The recent ongoing digital transformation of
the energy landscape provides new opportunities to
decarbonise energy-intensive industries, including the fish
processing sector. The paper explores the potential of
deploying multi-vector smart micro-grid solutions in fishery
ports, sourced from dispatchable renewable generation,
including solar energy. This is demonstrated in the Milford
Haven Port in South Wales, United Kingdom. The proposed
system is modelled using control scenario developed based on
data and energy models of the port. The control scenario
makes energy use decisions based on the availability of
dispatchable renewable sources and the price of energy from
the local energy market. Also, we consider local energy
storage by utilising the local electric fishing boat fleet as an
alternative energy storage system. The results demonstrate
optimised energy use through multi-vector smart micro-grid
model by providing more than 70 percent reduction of energy
use from grid.
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I. INTRODUCTION

The fish processing industry is a high consumer of fossil
fuel energy with commensurate levels of carbon emissions
[1-4], circa 4% of total global greenhouse gas emissions [5,
6]. Furthermore, the total human consumption of seafood
has increased from 20 million tons in 1950 to more than
136 million tons in 2014 [7]. This rapid growth in seafood
consumption has led to increased demands on the fish
processing industry, reflected by a drastic increase in its
energy use. The global investment in fish products has
increased significantly during the last 40 years from EUR
8 billion to about EUR 133 billion in 2017 [7]. In this paper,
the fish processing industry is considered to include all
operations required to catch and prepare fish and other
seafood to create the final product delivered to customers
[8]. This activity requires intensive on-site energy [9]
throughout the fish production lifecycle—from the fishing
stage to the freezing and packaging process—that is mainly
derived from electricity and liquid fuels [10]. Electricity is
typically used to power processing equipment, lighting,
cooling, and freezing [11]. A wide range of variables
impact energy consumption in the fish processing industry,
including the age of the plant, level of automation, and type
of production process. Furthermore, a seafood product
production line can involve heating, cooling, and other
types of equipment [12]. According to the Irish seafood
development agency, Bord lascaigh Mhara, about 15% of
global fish processing industry energy consumption is
related to refrigeration and air conditioning [13].
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Considering the intensive energy use of such cooling
systems, any inefficiency can result in sizeable quantities
of emissions from refrigerant gases such as ammonia [14].
However, the smart grid concept presents a significant
opportunity to upgrade the fish processing industry to use
smart, sustainable, and clean dispatchable energy sources,
which can also deliver long-term economic benefits [3, 15].
A smart grid is “an electricity network that efficiently
integrates the behaviour and actions of all users connected
to it (suppliers, consumers, and those that do both) in order
to ensure economic efficiency and to provide sustainable
energy systems with low losses and high levels of quality,
the security of production, and safety” [16]. Prousalidis et
al. [17] discussed the role of port site smart micro-grids in
decreasing environmental impacts and investigated the
capability of reverse cold ironing to meet the energy
requirements of berthed vessels. Another study [5]
examined the application of a smart micro-grid at a seaport
to study the applicability of installing renewable energy
resources and using compressed air energy storage. Two
port authorities using offshore energy management systems
are compared by [18]. The study found that implementing
an energy management system in ports would help
minimise energy costs and improve energy quality at the
port. In previous study by the same researchers developed
a model of a smart micro-grid [19] on a fishing port, and
the study showed the feasibility of the effectiveness of the
microgrid to achieve the required balance and autonomy
with renewable energy sources available at the port with the
importance to provide energy storage systems to meet the
energy demand in 24 hours a day.
This study investigates the energy usage of the fish
processing industry at a case study port and evaluates a
method to maximise the use of renewable energy sources
in these energy clusters via a smart grid approach while
applying price-based control considering optimised trading
of energy. Given the above review of the state-of-the-art of
smart grids in the fishing industry and smart grid
technology, this study makes the following contributions:
e A price-based control model is developed for the fish
processing industry informed by complex energy
flows and the price of electricity.
e Utilising the local electric fishing boat fleet as an
alternative energy storage system.
e A P2P energy sharing control algorithm is proposed to
manage intra-industry energy surplus at the site level.
Section II reviews related studies in the field of smart
micro-grids, Section III presents the methodology, Section
IV and V present the technical aspects including algorithms
©2021 IEEE
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used to test various scenarios. Section VI presents scenario
results. The conclusions are presented in Section VII.

IL RELATED WORK

The smart port concept, including virtual energy plants for
ports, can have a significant impact on energy savings and
can advance the promotion of renewable energy sources
[2].Ramos et al. [20] investigated the use of a tidal energy
farm to meet the electricity consumption of a port in Spain
using a thermal energy storage model. The results indicated
that a tidal farm containing 25 turbines with a 400-kW
capacity could meet the port's electricity requirements.
However, their study focused only on applying renewable
energy sources on site and did not propose an energy
management system for the site. Misra et al. [4] suggest the
use of a renewable energy-based micro-grid for a port site,
estimating that 5 MW of renewable energy was required
and could be delivered by a 6.5 MW windfarm using about
20,000 units of battery storage. However, the increased
amount of battery storage required made this option too
expensive for the community. Prousalidis et al. [17]
discussed the role of port site smart micro-grids for
decreasing environmental impacts and investigated the
capability of reverse cold ironing to meet the energy
requirements of berthed vessels. Finally, Misra et al. [5]
examined the application of a smart micro-grid at a seaport
to study the applicability of renewable energy resources for
compressed air energy storage. Zhang et al. [21] introduced
a strategy for sharing energy from a local microgrid with
the energy market in a research report. The research is
based on distributed generation in a proposed microgrid
that includes diesel engines, fuel cells, and renewable
energy resources. According to the research, the proposed
approach resulted in the discovery of an optimum strategy
for engaging with the energy market and the decrease of
microgrid operating costs. Song and Qu [22] developed a
new real-time pricing algorithm, which aimed to fix the
issues of weak convergence in the current pricing model.
According to the authors, a new approach can improve
convergence efficiency and could be extended to large
clients. Another study authored by Khomami et al. [23]
developed a pricing strategy for energy management in
smart micro-grids which aims to maximize profits of the
operation taking in consideration different constraints. The
study is based on distributed generation in a proposed
microgrid that includes micro gas turbine, smart homes,
and renewable energy resources. The authors claimed that
the simulation results of different scenarios provide
sufficient performance of the proposed strategy. On the
other hand, Peer-to-Peer (P2P) energy trading has been
presented as a next generation energy management system
that can enable prosumers in a smart energy community to
share their extra energy with others. To accomplish such
energy trading, the P2P mechanism needs a robust
decision-making process and a reliable mathematical
model that will ensure shared interest and optimal
motivation between prosumers [24, 25]. Several studies
have applied game theory approaches to P2P energy trading
due to their feasible and effective means of modelling the
energy management system.
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111 METHODOLOGY

The study presented in this paper was developed in the
context of the EU INTERREG piSCES project as the Smart
Energy Cluster for the Fish Processing Industry. The
objective of the piSCES project is to develop smart energy
grids and management solutions to reduce the costs and
carbon footprint of energy networks in the fish processing
industry. Figure 1 schematic of smart grid development
approach for fish processing industries and fishery port for
this study. The initial stage of this study was to capture data
from a fish processing port site consisting of interviews
with district stakeholders, site visits, energy auditing, and
data analysis to obtain detailed information on its energy
systems. We then developed a simulation model for the
processing buildings using three pieces of software:
DesignBuilder, EnergyPlus, and MATLAB/Simulink. The
first step in constructing the simulation model was creating
the processing building geometries using DesignBuilder
based on the site-collected data, including site location,
weather data, operation time, equipment specification, etc.
The DesignBuilder then interacted with the EnergyPlus
simulation engine to calculate the annual energy
consumption, total operation cost, and quantity of
emissions produced during a one-year period for each
building. The next step was to investigate the capability of
simulating energy use at the fishery port to inform energy
usage strategies and reduce carbon emissions.

The use of smart micro-grid systems provides an
opportunity for the fish processing industry to become
more sustainable while reducing operation costs by
reducing energy loss and efficiently using locally generated
energy. Accordingly, a smart micro-grid for the fishery
processing industry was developed using the
MATLAB/Simulink platform in this study.

Control Based Price Strategy in
Smart Grid for Fishery industry
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Figure 1 Schematic of smart grid development approach
for fish processing industries

This smart micro-grid consisted of a load pattern, grid
model, energy storage system, renewable energy
generation, and control strategy. The results of the
integration of these simulation components were used to
identify several critical parameters in the deployment of a
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smart micro-grid in this application, such as the required
battery storage system capacity, the energy consumption
behaviour, and the energy generation and power use from
the national grid. After developing the smart micro-grid, a
surplus power distribution strategy was optimised by
developing a price-based control strategy that considers the
price of buying and selling power to integrate power
sharing across the fish processing industry energy
community that enables energy to be shared within the
community instead of selling power to the grid. It is
expected that this approach can help to build a smart energy
community at fishery ports.

IV. SYSTEM MODEL COMPONENTS

The proposed smart micro-grid was simulated and tested
using MATLAB/Simulink. Simulink is a block diagram
environment for multidomain simulation and model-based
design that supports system-level design, simulation,
automatic code generation, and continuous testing and
verification of embedded systems.

Figure 2 Simulation model of the Packaway building

For the Milford Haven site, a model was defined and
developed using DesignBuilder as it shown in Figure 2 to
build a smart grid model consist of energy consumption
(load profile), PV system, battery system, and grid to
simulate the overall operation of the system. The outputs of
the simulation were used to assess the status of load, energy
generation by the PV system, exchange with the grid, and
the State of Charge (SOC) of the battery system. Each
building in the Port of Milford Haven has a rooftop PV
system with a capacity of 50 kW that includes a direct
current (DC-DC) converter and alternating current (AC)
inverter. The proposed smart grid model includes different
priority levels whereby the energy produced the PV system
is first utilised to operate the equipment in each building,
and when the energy consumption of the building is
satisfied, the excess PV-generated power is used to charge
the battery system. Once the batteries are fully charged, the
excess energy is sold to the national grid or to peer
buildings of the micro-grid. When the PV system is not
generating energy, the battery system provides the required
energy to the building. The model also allows for the
provision of energy from the national grid in the SOC of
the battery system falls below critical levels. The system
was evaluated using different battery capacities to identify
the required number of batteries to meet the energy
consumption of the Packaway building over a 12-month
period. the solar RES data for the Packaway building on the
port site was used for this purpose. The solar PV system has
a capacity of 50 kW, and its energy output was modelled as
direct current (DC). However, this output must be
converted to AC before it can be used to run the different
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equipment in the building. Finally, when excess power was
generated, a three-phase, 50 Hz regulated inverter was used
to feed generated energy to grid. The battery-based energy
storage system (BESS) is generally based on low-voltage
battery modules connected in series or parallel to achieve
the desired electrical characteristics. The typical BESS
comprises batteries, a battery management system, and a
power conditioning system, which is connected to a safety
module used to protect the entire system [26]. Fishing
electric boats use fossil fuels to generate power. This use
has negative impacts on the environment and leads to
carbon emissions, noise, and pollution of seawater [27].
However, with the continued advance of electric road
vehicle technology, similar concepts could also be used to
produce efficient electric boats [28], helping to make
fishing activities more environmentally friendly. Minami et
al [29] detailed the main features of electric boats:
quietness, low vibration, and zero carbon emissions. By
replacing the use of fuel with batteries, not only can the
environmental impact of the boats themselves be reduced,
but their batteries can be integrated into the micro-grid
using bi-directional chargers that can charge and discharge
based on the employed micro-grid control strategy [30]

Algorithm (1) Control based-Pricing
Initialisation
l: if YXr P = roC

2: yes; feed all YL,P to XL,P
3: no; go to stage 1

Stage 1
4: if YR P> YE.C
5: then check BESS 1
6: if 20 < SoCc1 < 95
7 then charge BESS 1
8: otherwise go to stage 2
Stage 2
9: if SO0C1 > 95
10: then check Rf”w
11: if Preference < ngrice
12: then sell P to the grid
13: else check BESS 2
13: otherwise go to stage 3
Stage 3
14: if socz2 > 98
15: then sell energy to grid
16: else charge BESS 2
17: otherwise go to stage 4
Stage 4
17: if socz > 20
18: then discharge BESS 2
19: else buy energy from grid
20: end

V. REAL-TIME DECISION MAKING ALGORITHMS

The control algorithms used to manage the power
distribution of the proposed fish processing industry micro-
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grid are (i) the price-based control algorithm and (ii) peer-
to-peer sharing algorithm.

1-  Price-based control algorithm

The price-based smart grid control algorithm for the fish
processing industry was developed based on the total
energy production of the PV panels, the BESS capacity,
and/or the electric boats to consider the price of electricity
to decide between buying or selling energy. As detailed in
Algorithm 1, the system checks for constraints to determine
the optimum instantaneous price at the time of selling or
buying. Such constraints include the SOC of the main and
backup batteries as the battery status is crucial to the overall
system. The control system works instantaneously and
sends signals to the BESS charge controller to store or
release energy according to the results of the control
algorithm. In this decision-making process, the total power
production (Tyyoguction) i the sum of the power produced
from PV panels (Ppy) and the amount of power available in
n batteries of the BESS and/or electric boats PEBstorage as
follows:
Tproductian =Ppy + nx PEBsmmge

The total power consumption (T¢onsymption) 1S the
aggregate consumption of power from the fish processing
facilities in the port (Pyemana) and the power required to
charge n batteries of the BESS and electric boats
(PeB gomanag) @S follows:

TConsumption = Pgemana + N * PEBdemand

To run the simulations, we use Simulink on a Windows 7
computer, Intel (R) Core (TM) i7-6700K CPU @ 4 GHz,
with 16 GB RAM. We test different scenarios in
accordance to input parameters that have been determined
in the sensitivity analysis phase.

2- P2P energy sharing control algorithm

It is widely accepted that P2P energy trading represents the
latest generation of energy management systems. It enables
prosumers in the smart energy community to sell their
surplus energy to other participants. The resulting
monetary benefits and efficient use of resources provides
an excellent motivation to increase local energy generation
from RESs and encourage domestic energy providers to
share their surplus energy to the closest neighbour instead
of selling it to the grid. This helps prosumers generate
revenue and reduce their dependence on energy from the
larger grid. This change, in turn, is reflected in a decrease
in the total proportion of carbon emissions released by
burning fuel or gas in traditional energy plants. The
proposed control system scheme for the smart grid of the
fish processing industry at the Port of Milford Haven based
on P2P energy sharing.
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Algorithm (2)
Initialisation:
1: if YEoP = Y, C

2: yes; feed all YL,P to XL,C
3: no,; go to stage 1

P2P energy sharing

Stage 1

a: if YL P> Y,C

5: then check BESS 1

6: if 20 < socl < 95

7 then charge BESS 1

8 otherwise go to stage 2
Stage 2

9: if Socl > 95

10: then check P,

11: if P, < S0C1

12: then feed all energy to P,
13: otherwise go to stage 3
Stage 3

14: if SoCl < 95

15: then check Bf”w

le: if Preference < P£price

17: then sell P to the grid
18: else check BESS 2
19: otherwise go to stage 3
Stage 4

20: 1if soc2 > 98

21: then sell energy to
grid

22: else charge BESS 2
23: otherwise go to stage 5
Stage 5

24: 1if soc2 > 20

25: then discharge BESS 2
26: | else buy energy from
grid

27: end

VI. RESULT AND DISCUSSION

In this section, we discuss the evaluation of the proposed
smart grid model using four scenarios to understand the
impact of the price-based control strategy. These scenarios
and their results are detailed as follows:

a. Optimise energy use by applying the smart grid approach:

In this scenario, the objective was to maximise the use of
clean energy within the micro-grid site by storing the
surplus energy from the local PVs in the BESS. Each time
an energy surplus is identified, it can be utilised to operate
the fish processing equipment at the port, or it can be sold
to the grid at a fixed tariff price. By utilising the surplus
energy to support on-site operations, costs are also
optimised, and carbon emissions are reduced. For this
scenario, the BESS was configured with two lithium-ion
batteries, a main battery, and a backup battery, to provide
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Figure 3: Optimising energy using price-based control strategy

flexibility in energy use and support the energy demand.
The main battery had a capacity of 7000 Ah and the backup
battery had a capacity of 5000 Ah. The reason for using two
battery systems is to utilise the surplus energy generated by
the PV system during daytime to meet the energy demand
within 24 hours at critical times. This BESS provides a
certain stability to the site while maintaining an equilibrium
when required to feed energy to consuming applications.
The resulting consumption and production state of the
BESS when the excess electricity is utilised to operate the
equipment and other power-consuming units rather than
sold to the grid at a lower price can be observed in Figure
3, which shows the state of power consumption, generation,
and grid exchange over a 24-hour interval. The results show
the quick response of the BESS during charging and
discharging operations as well as reduced energy
consumption from the national grid.

b. Optimise energy use by applying the price-based control
strategy:

The objective of this scenario was to optimise energy use
and associated costs by minimising the capacity of the
BESS and increasing income from trading energy with the
grid. In this scenario, we applied the price-based control
strategy presented in Section V. The controller is connected
to the local energy market to continuously retrieve the

978-1-7281-3401-7/18/$31.00 ©2021 IEEE

energy price based on which a set of rules are triggered to
distribute energy between the local site and the main grid.
For this control strategy, we set a minimum selling price of
4.2 £p/kWh and maximum buying price of 2.6 £p/kWh to
enable a sell/buy decision at the site. The main grid price
was based on the average European electricity market
price. In this scenario, the BESS included a main and
backup battery with lower capacities of 6000 Ah and 4000
Ah, respectively. Figure 3 presents the impact of the price-
based control strategy to manage the overall energy
distribution within the site. As can be observed from the
results, if the grid energy price is too low, then the local
system will use energy from the main grid to meet the
energy demands of the fish processing site. However, if the
grid energy price is too high and there is an energy surplus
in the local site, then the system will sell surplus energy to
the main grid. The results also reflect the fluctuation of
energy price in the European energy market. Finally, it can
be observed that the SOC of the main battery system
discharges at night to meet the incoming energy demand of
the fish processing equipment, whereas the SOC of the
backup battery is stable at night because once the energy
stored in the main battery is consumed, the energy demand
is covered by energy from the main grid due its low energy
price.

c. Optimise energy use by integrating the energy storage
capacity of electric boats

2021 IEEE International Conference on Engineering,
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Figure 4: Optimising energy use when using electric boat battery storage

The objective of this scenario is to optimise energy use by
utilising the local electric fishing boat fleet as an alternative
energy storage system to minimise the main battery storage
capacity on site. The use of alternative energy storage
solutions such as the electric boats is expected to result in a
decrease in the capital cost of energy storage equipment,
considerably  reducing long-term  operation and
maintenance costs. The algorithm for this scenario was
configured to work with several electric boats identified in
the port and use their storage capacities to manage the
peaks in energy demand or store surplus energy once the
site batteries are charged to capacity. The algorithm also
ensures that at any point in time, the batteries of the electric
boats will not be discharged below a threshold of 50%, so
the boats can always be used for fishing. In this scenario,
the site energy storage capacity was set to approximately
5000 Ah for the main battery and about 3000 Ah for the
backup battery.

Figure 4 presents the interactions between consumption
and production units within the fish processing site and
shows the impact of using electric boats with alternative
energy storage. The results show how the electric boat-
based storage system discharges and interacts with the local
battery system at night and charges during the day when
PV energy production is available. The results also show
that the SOC of the main battery interacts with the storage
systems on the electric boats by charging at night and
discharging during the day.

978-1-7281-3401-7/18/$31.00 ©2021 IEEE

d. Optimise energy use with P2P energy sharing control
strategy.

The objective of this scenario was to investigate the energy
use when the site identifies high energy production from
local generation sources by exploring the possibility to
share or trade this energy surplus within the community of
neighbouring buildings. This scenario was evaluated to
identify new methods for reducing dependency on the
national energy grid and encourage utilisation of clean
energy resources while incentivising energy community
members to become prosumers. As such, in this scenario,
the surplus of energy from local energy generation was
shared with local energy consumers using the P2P energy
sharing strategy detailed in Section 5.2. In this scenario, we
included main and backup battery systems with capacities
of 7000 Ah and 3000 Ah, respectively. Figure 8 presents
the energy impact when applying the P2P control strategy,
showing trends related to the energy storage system in
order to support a more optimal energy use at the site by
charging and discharging the BESS within a 24-hour
interval. As presented in the figure, when energy generation
is high and the SOC of the BESS is greater than 95%, the
control system will check the energy demand of the
neighbourhood buildings, based on which the controller
will then feed the surplus energy to the neighbouring
buildings. The results also show a reduction in the quantity
of energy consumed from the national grid.
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Technology and Innovation (ICE/ITMC)



25Power generation, consumption, grid exchange considering P2P energy sharing control

0.5
| | | | | | | | | |

T T T
Total Load (B1+B2)| |

S 1 =
1 | 1 | I 1 I

00:00 01:00 02:00 03:00 04:00 05:00 06:00 07:00 08:00 09:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00

Hours

—PV[|

00:00 01:00 02:00 03:00 04:00 05:00 06:00 07:00 08:00 09:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00

Hours

00:00 01:00 02:00 03:00 04:00 05:00 06:00 07:00 08:00 09:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00

Hours

100 F
90 |
80 [
70 -
60
50 |-

0 - T L o

% S0C

30 -
20

SOCB1 - - SOCBZ
| | | | | | | | | |

00:00 01:00 02:00 03:00 04:00 05:00 06:00 07:00 08:00 09:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00

Hours

Figure 5 Optimising energy use based on a P2P energy sharing control strategy

VIL

VIII.  This paper presents an analysis of a smart micro-
grid solution for the fish processing industry based on data
collected from a real fish processing site at Milford Haven
Port. The main objective of this study was to minimise
carbon emissions and provide a more informed energy
management strategy in relation to the surplus energy and
available energy storage systems generated from
dispatchable energy sources. The simulation was run in real
time for 24 hours during the creation of the model in order
to test the system's ability to cope with real-world
conditions. The control scenario was modelled to
demonstrate how smart grid solutions can be implemented
in the fish processing industry. The peer-to-peer control
strategy was developed to prioritise the energy demand of
neighbouring buildings in the micro-grid over selling to the
national grid. The results of simulations using these control
strategies demonstrated how peer-to-peer energy sharing
enables prosumers to participate in smart energy
communities by sharing their surplus energy with other
participants and provides monetary benefits and efficient
use of resources. The results indicated improvements in the
overall operation between agents in the smart grid when
adopting either the price-based control or peer-to-peer
scenarios. The results indicated improvements in the overall
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operation between agents in the smart grid when adopting
either the price-based control or peer-to-peer scenarios. In
the price-based control scenario, the control algorithm
reduced energy losses and maintained energy in the system
using an energy storage system. These techniques can also
help to incentivise the deployment of local, renewable
energy generation within the smart energy community.
Furthermore, the results of this study demonstrated that
applying the price-based control and peer-to-peer methods
can have a significant impact on the amount of carbon
emissions associated with the consumption of energy
produced using traditional fossil fuels.

The findings of this study not only provide guidance for the
development of low carbon smart micro-grids for the fish
processing industry, sourced from dispatchable generation,
but also provide an approach for the analysis of industry-
based micro-grid implementation. In future research, we
intend to deploy and evaluate the algorithms proposed in
this study at the Port of Milford Haven site via trials and
testing to identify the feasibility of the approach and
capability of optimising the energy consumption and
operational phases of the site, scaled up to the local
community through peer-to-peer sharing.

2021 IEEE International Conference on Engineering,
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