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Abstract: The increasing daily rate of environmental pollution, due to electrical power generation
from fossil fuel sources in different societies, urges the researchers to study alternative solutions.
These solutions can be summarized into either finding other clean, renewable sources or managing
the available sources optimally. This research represents smart electrical interconnection management
between some of the Egyptian seaports for optimal operation, with a clean sustainable environment
as the target. The optimum ports’ commitment operation works through certain technical constraints
to attain optimal economic and environmental factors. One of the main objectives of this study is the
reduction of carbon dioxide (CO2) emission, which is released from the electrical power generation
that covers the seaports demands. It is progressed through the green port smart commitment,
by incorporating unpolluted and renewable energy resources. This study depends on the redesign
of some Egyptian seaports to be green ports with eco-friendly electrical construction. According to
the new electrical design, two out of the six studied seaports can be considered as renewable energy
generation units consisting of Photovoltaic (PV) electrical generation resources. The new design of the
seaports electrical network can be considered as a hybrid network, collecting both fossil fuel electrical
power generation and PV sources. To gain benefits from the diversity in geographical behaviors,
ports on the red sea and Mediterranean sea are integrated into the network cloud. Connecting ports
on red and Mediterranean seas construct a network cloud, which supports the operation of the
whole network under different conditions. Hybrid (weighted-discrete) Particle Swarm Optimization
Technique (HPSOT) is an effective optimization technique which is applied to provide the optimum
interconnection management between the eco-ports. It is developed based on some technical
constraints which are the availability of the network buses interconnection, the voltage and frequency
levels, and deviations due to the smart unit interconnection and the re-direction of the power flow.
The HPSOT is targeted to minimize the economical cost and the harmful environmental impact of the
seaport electrical network, while covering the overall network load. The HPSOT is programmed
utilizing the Matlab program. It is tested on the six Egyptian seaports network that consists of El
Dekheila, Alexandria, and Damietta on the Mediteranean and Port Said, Suez, and Sokhna port on
the Suez canal and Red sea. It verifies its accurateness and efficiency in decreasing the combined cost
function involving costs of CO2 emission. CO2 emission is reduced to 6% of its previous value for the
same consumed electrical energy, that means it has a positive impact on retarding the greenhouse
effect and climate change.

Keywords: Eco-ports smart commitment; environmental sustainability; Egyptian seaports; green
ports; Hybrid Particle Swarm Optimization Technique (HPSOT); optimization techniques; Photovoltaic
(PV) power generation; renewable electrical energy resources.
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1. Introduction

Egypt has joined the 20 20 20 agreement that, by the year 2020, 20% of its generation will be
replaced by renewable energy, towards decarbonizing the electrical power sector. The 20 20 20 goals
are 20% increase in energy efficiency, 20% reduction of CO2 emissions, and 20% renewables by 2020.
It depends on the reconfiguration of the electricity grid into a “smart grid” [1]. The transportation
sector is one of the main sectors affecting eco-environment behavior. The vehicle routing problems
are studied, considering environmental costs, which are composed of noise, pollution, and fuel
consumption [2,3]. Reducing the companies costs and greenhouse gas emissions through horizontal
transportation collaboration are described in [4].

Eco-ports are new trend recently started to arise to decrease the emission exhausts mainly CO2

emissions [5–7]. Eco-ports are mainly dependent on having its electrical energy from renewable
resourses. Eco-ports management is dependent on scheduling its available sources along the day.
This part of management is unit commitment study. To support decarbonizing, unit commitment
must be integrated to optimally schedule all available renewable resources, such as wind energy,
photovoltaic, biomass, wave and tidal energy. Traditionally, the main objective for unit commitment is
to find the optimal output generated energies from each participating sources along the 24 h to decrease
the production costs [8–11]. The unit commitment study is normally subjected to network constraints
and operational constraints. The emission factor has been integrated into the unit commitment problem
based on two criteria; either consider it as a constraint limit not to be violated or consider the CO2

emission cost as a part of the objective function costs [12–15]. With the combination of production
cost to the emission cost, a new objective function is generated, which is called Combined Economic
Emission Dispatch [16].

Many human activities share in destroying the environment and releasing greenhouse gas
(GHG) emissions, such as industrial, transportation sector, agricultural, commercial and residential,
land use and desertification activities. The Electricity sector, including the generation, transmission,
and distribution of electricity, is one of the main sources of carbon dioxide (CO2). The majority of
greenhouse gas (GHG) emissions from this sector is CO2, but smaller amounts of nitrous oxide (N2O)
and methane (CH4) are also emitted. These gases are emitted from the combustion of fossil fuels
(thermal) sources to produce electricity. To reduce emissions from electricity sector, the efficiency of
the power plants should be increased, the fossil fuels electrical power sources are recommended to be
replaced by renewable and clean electrical power resources, and/or Carbon Capture Sequestration and
Storage (CCSS) should be utilized.

If the problem considers integrating more than one area (port) to satisfy the power demand
required in certain area, the general solution will be divided into two parts, selecting the appropriate
area to supply the consumer (load) network, then obtaining the unit commitment algorithm to find
the power generated by each supplier. Many techniques have been applied for solving such types
of problems, including heuristic search, fuzzy logic, mathematical programming, expert systems,
multi-agent systems, etc. [17–25]. Artificial intelligence optimization techniques, such as whale, flower
pollination, grey wolf, water cycle optimization algorithms [7,16,17]. Particle swarm algorithm is one
of the successful optimization metaheuristic techniques which has proved its efficiency in both binary
and distributed solutions for many operational case studies [26,27].

This paper discusses a smart, eco-friendly, and optimal unit commitment for the electrical power
generation resources in seaports to form a green unified power network. The targeted research utilizes
HPSOT to maintain optimum environmental and economic conditions of operation, power generation,
exchange and transmission, within the permissible technical constraints. This developed work is
applied to a sample of six Egyptian seaports, which consists of three Mediterranean ports. The other
three ports are on the red sea and Suez canal. The results of the studied system illustrate an efficient,
economic, and environmentally friendly system.

The paper is distributed into five sections. An introduction, including a brief literature survey,
in addition to the manuscript objective and construction is represented in Section 1. Section 2 introduces
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the ports’ generation unit commitment idea based on the economic and environmental factors within
the technical constraints frame. Section 3 provides an overview for Hybrid Particle Swarm Optimization
Technique (HPSOT), its algorithm, and application. The studied system simulation and outcomes
are illustrated in Section 4, while Section 5 displays the results’ discussion. Section 6 discusses the
paper’s conclusion.

2. Ports’ Commitment and Interconnection

Ports’ commitment targets are to interconnect the electrical power systems of the possible group
of ports through a well-controlled and efficient system to create a unified power system for ports.
This unified power system aims to fulfil the electrical power requirement of the connected ports using
the “environmentally friendly” concept. A schematic diagram of the ports’s unified power network is
represented in Figure 1. The ports’electrical power systems interconnection should be built based on
some technical constraints, economical and environmental factors.

Figure 1. Schematic diagram for the ports’ commitment controlled system.

2.1. Technical Constraints

In this research, three main technical constraints are considered.

2.1.1. Electrical Interconnection Constraint (Con1)

The first constraint is the electrical interconnection of the port to the controlled unified
power network.

Con1 =

0 i f the port is not connected

1 i f the port is connected
(1)

2.1.2. Voltage Constraint (Con2)

Voltage deviation (∆V) is a vital significant constraint, which it is essential to check to be certain it
is within a definite limit. It is the maximum voltage deviation between corresponding bus and nominal
voltage (Vb and Vnominal). The voltage difference should be kept within the limit of ±∆VM = ± 5% to
avert any failure or damage in the electrical system [28].

∆V = Max (Vb −Vnominal) (2)
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where Vnominal = 1 p.u.

Con2 =

0 i f ∆VM < ∆V < −∆VM

1 i f ∆VM > ∆V > −∆VM
(3)

2.1.3. Frequency Constraint (Con3)

Frequency deficiency (∆F) is the maximum frequency variance between the bus and the nominal
frequency (Fb and Fnominal). Deviance in frequency, will possibly lead to a catastrophe, so the maximum
satisfactory variation is ±∆FM = ± 1% [29]. It is denoted as

∆F = Max (Fb − Fnominal) (4)

where Fnominal = 1 p.u.
The frequency difference essential be studied to be established within a definite range.

Con3 =

0 i f ∆FM < ∆F < −∆FM

1 i f ∆FM > ∆F > −∆FM
(5)

2.2. Economic and Environmental Factors

2.2.1. Transmission Power Loss Factor (F1)

Transmission Lines (T.L.) are the connecting lines between ports and/or the central control unit,
which enable the transportation of electrical power. They are wide-open to many losses such as copper
loss, which affect the transmitting energy. Copper Loss depends on the length and the impedance of
the line between the ports and/or the central control unit. It is calculated as follows:

PLoss = 3× (
PTran

√
3×VL × cos∅

)
2
×ZL (6)

Energy = Power× time (7)

F1 = p f1 × Etran (8)

where PLoss and PTran are the T.L. power loss and transmitted power (in kW), respectively. ZL is the
impedance of the transmission line. VL is the line voltage (in V). p f1 is the power loss penalty cost,
while Etran is the transmitted electrical energy between ports (in MWh).

2.2.2. Electricity Price (Generation and Maintenance) Factor (F2)

One of the main significant factors in the optimal connecting the ports is the Electricity Price (EP).
As each port may have its own electrical dispersed generators. The owner can sell the electricity to
the near interconnected ports for a different price. The difference in cost is determined according to
the type of the generation source, its capital and running cost, and the deviation of the peak hour.
The electrical power station equipments and installation are considered as part of the capital cost.
They are calculated, and divided on the permissible life time of the station for each MWh, considering
a flat interest. The maintenance cost and storage battery replacement can be considered from the source
running cost. The EP factor is analysed as follows:

F2 = p f2 × Egen (9)

where p f2 is the EP penalty cost, while Egem is the generated electrical energy (in MWh).
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2.2.3. CO2 Emission Factor (F3)

Each port may have its private electrical energy generation resources. Each resource has
different environmental effect. The unified network penalizes the ports according to the level of CO2

emission. Less CO2 emission will lead to minimizing the penalties [30], which constructs F3, not only
an environmental factor, but also an economic one. It is calculated as follows:

F3 = p f3 × Econ (10)

where p f3 is the CO2 emission penalty cost. p f2 and p f3 depend on the type of energy generation
resource. Econ is the consumed electrical energy (in MWh).

3. Hybrid Particle Swarm Optimization

The eco-ports’ smart optimal commitment problem can be deliberated as a multi-objective problem.
The first target in this problem is to determine the best electrical power generation and consuming units
to minimize the CO2 emission cost through the interconnected networks (seaports) under different
operating conditions. The second target is to obtain the optimal exchanged and transmitted energy
capacities between the assigned ports under the frame of the technical constraints to achieve the best
economic and environmental conditions. Due to the critical necessity to obtain the optimal solution,
an optimization technique is addressed. Hybrid (weighted-discrete) Particle Swarm Optimization
Technique (HPSOT) is applied to obtain the optimal inner distribution inside each network and the
appropriate alternative connections to withstand operating conditions.

Nowadays, Particle Swarm Optimization (PSO) technique can be considered one of the main
base-stones in optimization techniques. In 1995, an evolutionary computation procedure was anticipated
by Kennedy, a social-psychologist, and Eberhart, an electrical engineer [31]. PSO is a population-oriented
optimization procedure that was initially motivated by the sociological conduct related with bird
grouping and fish clustering. Hybrid PSO technique, developed in this work, is constructed from the
original weighted PSO and the discrete PSO [32] as shown in Figure 2. Discrete PSO (DPSO) technique
is utilized for obtaining the best fitted supplier and consumer ports’ combination. The optimum
transmitted energy capacities are determined based on the weighted PSO technique.

Figure 2. Hybrid Particle Swarm Optimization (HPSO) descriptive block diagram.

The core of the PSO procedure is to preserve inhabitants of particles, referred to as a “swarm”,
where each particle signifies a possible result to the objective (cost) function concerned. Each element
in the swarm will memorize its present situation that is obtained by the assessment of the objective
function, rate, and the best situation visited throughout its flying excursion in the search space referred
to as “individual best situation”. Here it is meant by the individual best situation, the one that produces
the highest objective value for that particle. For a minimization assignment, the location, having
a smaller fitness value, is observed to as a higher fitness. Also the best location visited by all particles
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is remembered, i.e., the best location between all individual best locations referred to as “global best
location”. The particles of the DPSO are expected to transport the problem search domain in discrete
rather than continuous time steps. At each time step (iteration) the rate of each particle is adapted
using its current velocity and its distance from individual best and global best locations according
to Equations (11)–(15). Figure 3 represents a demo for the position update of swarm particles in
a 3-D [33]. The basic and general flowchart of HPSOT is displayed in Figure 4, however the details
will be discussed in Section 4 “Simulation and Results”. The HPSOT flowchart can be summarized
as follows: (1) the data of the seaports’ network are entered into the program; (2) create an initial
swarm, with a random distribution and random initial velocities for both discrete and weighted PSO;
(3) check the system constraints and conditions; (4) set the global best position of all particles based
on the system fitness functions; (5) calculate a velocity vector for each particle, using the particle’s
memory and the knowledge gained by the swarm; (6) update the position of each particle, using its
velocity vector and previous position; (7) check the system constraints and conditions; (8) update the
personal best position of each particle, and the global best position of all particles based on the system
fitness functions; (9) go to step 5 and repeat until convergence, or the termination criterion is met.

Vk+1
jt = wVk

j + c1 × rand×
(
Pk

PB j
− Pk

j

)
/Dt + c2 × rand×

(
Pk

GB j
− Pk

j

)
/∆t (11)

Vk+1
j = round

(
Vk+1

jt

)
(12)

Pk+1
j = Pk

j + Vk+1
j ∆t (13)

Pk+1
PB j

=

 Pk
PB j

i f f CF
(
Pk+1

j

)
≥ CF

(
Pk

PB j

)
Pk+1

j i f f CF
(
Pk+1

j

)
< CF

(
Pk

PB j

) (14)

CF = F1 + F2 + F3 = p f1 × Etran + p f2 × Egen + p f3 × Econ (15)

where Vk+1
jt is the jth velocity component real value at iteration k + 1, while Vk+1

j is the jth velocity

component integer value at iteration k + 1. rand is random value between 0 and 1. Pk
j is the current

position in the jth dimension at iteration k. c1 and c2 are the cognition and social factors, that are usually
set to 2.0. Pk

PB j
and Pk

GB j
are the personal and global best location in the jth dimension at iteration k,

respectively. ∆t is the time step. i f f means if and only if, and CF. is the cost function. It is a minimum
solution objective function.

Figure 3. The position update of particles in a 3-D [33].
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Figure 4. Hybrid Particle Swarm Optimization (HPSO) flowchart.
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4. Simulation and Results

The discussed research project is suggested to be applied to a tested modal, which is constructed
from six Egyptian seaports. The six ports are Damietta, Alexandria, and El Dekheila on Mediteranean
and Port Said, Suez, and Sokhna port on Suez canal and Red sea as illustrated in Figure 5. The simplified
single line diagram of the ports’ connected system is presented in Figure 6. The data of the six ports,
including the ports’ demand electrical energy (Edem in MWh), the daily average active and reactive
power demand (Pdem in MW and Qdem in MVAR respectively) and the connected transmission lines’
data (Ric, Xic, Bcapic in pu) are presented in Tables 1 and 2. Two PV electrical power generation
units can possibly be built in Damietta and Sokhna ports, with the energy capacities clarified in
Table 3. The average energy capacities of the PV units are calculated utilizing [7] formulas, the solar
insolation map of Egypt that is shown in Figure 7, and a fifth of the areas of both ports. Based on
HPSOT, the optimum energy flow distributions between the six ports are studied in both winter and
summer seasons.

Figure 5. Egyptian seaport map [34].

Table 1. The data of the six studied Egyptian seaports [35].

Port
Area

Average daily Edem (MWh)
Total (km2) Land (km2)

Alexandria 8.40 1.60 96

El Dekheila 6.20 3.50 120
Damietta 11.80 7.9 192
Port Said 3.00 1.30 84

Suez 162.40 (shared) 2.30 144
Sokhna Port 87.80 22.30 480
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Table 2. The transmission lines’ impedance, active and reactive demand power of the six studied
Egyptian seaports.

S.N. Port Name Distance to the
Control Unit (km) Ric (pu) Xic (pu) Bcapic (pu) Average Daily

Pdem (MW)
Average Daily
Qdem (MVAR)

1 Alexandria 213.7 0.14 0.32 0.06 4 1
2 El Dekheila 212.4 0.137 0.3 0.06 5 1.5
3 Damietta 195.2 0.12 0.27 0.05 8 3
4 Port Said 199.2 0.13 0.27 0.056 3.5 1
5 Suez 145.2 0.1 0.2 0.04 6 3
6 Sokhna Port 136.8 0.09 0.19 0.04 20 7.8

Figure 6. Simplified single line diagram of the six ports’ connected system.

Table 3. The impact of the average daily PV generated and consumed energy of the six studied Egyptian
seaport on the CO2 emission.

Port

Average Daily PV Egen
(MWh)

Average Daily PV Econs
(MWh) Equivalent CO2

Emission (kg CO2)
Obsoleted

Emissions (kg CO2)
Winter Summer Winter Summer

Alexandria - - 96 96 4800 76,800

El Dekheila - - 120 120 6000 96,000
Damietta 300 910 192 192 9600 153,600
Port Said - - 84 84 4200 67,200

Suez - - 144 144 7200 115,200
Sokhna Port 1065 3240 480 480 24,000 384,000
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Figure 7. Solar insolation map of Egypt. [36].

The HPSOT algorithm is programmed, utilizing the system data which are given in both Tables 1
and 2, and the average energy capacities of the PV units. It is constructed from two sets of solution
particles, which are the discrete set (Pk

Dis) and the continuous set (Pk
Cont). The swarm particle in each set

is clarified as

Pk
Disx

=



STh1 SPV1 Sinj1 Stran11 Stran1 j . . . Stran1N

STh2 SPV2 Sinj2 Stran21 Stran2 j . . . Stran2N

SThi SPVi Sinji Strani1 Strani j . . . StraniN
...

...
SThN SPVN SinjN StranN1 StranN j . . . StranNN


(16)

Pk
Contx

=



EgenTh1
EgenPV1

Einj1 Etran1 Econ1

...
...

EgenThi
EgenPVi

Einji Etrani Econi

...
...

EgenThN
EgenPVN

EinjN EtranN EconN


(17)

where Pk
Disx

and Pk
Contx

are the xth particle in the discrete and continuous sets respectively, at iteration k.
SThi and SPVi are indicators for the thermal and PV electrical power generation of bus i respectively,
while Sinji is the indicator of the injected power to bus i. SThi SPVi Sinji are set to be either 0 in case
of non –connected or non-operated term, or 1 otherwise. Strani j is the indicator of the transmitted
power between bus i and bus j. It can be equal to 0 if there is not transmitted power, 1 if the power is
transmitted from bus i to bus j, or −1 if the power is transmitted to bus i from bus j.

The number of particles, in each set, is chosen to be 40 per iteration (XP = 40 particles/set/iteration).
Each suggested solution particle is subjected to fulfil some conditions and obey some constraints which
are as follows: Con1 in Equation (1), Con2 in Equation (3), and Con3 in Equation (5). To calculate the
required variables (Vb and Fb), for Con2 and Con3, the following non-linear power flow equations,
shown in Equations (18)–(21), are used, in addition to ETAP load flow program.

Pi =
N∑

i=1

[
ViViYi jCos

(
δi − δ j + θi j

)]
f or j = 1, 2, . . . . . . , N (18)
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Qi =
N∑

i=1

[
ViViYi jSin

(
δi − δ j + θi j

)]
f or j = 1, 2, . . . . . . , N (19)

Ptrani j = ViV jYi jCos
(
δi − δ j + θi j

)
−V2

i Yi jCos
(
θi j

)
(20)

Qtrani j = ViV jYi jSin
(
δi − δ j + θi j

)
−V2

i (Yi jSin
(
θi j

)
+ Bcapi j) (21)

Yi j =
1∣∣∣Zic + Zcj

∣∣∣ (22)

where Pi, Qi are the real and reactive power injected to each bus, while Ptrani j, Qtrani j are the real
and reactive power flow from bus i to bus j respectively. Yi j is the admittance magnitude of the line
connected bus i and bus j. θi j is the admittance angle of the line connected bus i and bus j. δi is the
angle of the bus i voltage. Bcapi j is the total line charging susceptance. Zic is the impedance of the line
connected bus i and the control unit.

The solution particle, which fulfils the conditions and constraints, is upgraded to achieve the
discrete and continuous fitness (cost) functions (CFDis, CFCont), illustrated in Equations (23)–(24). CFDis
should reach zero, while CFCont should be minimized.

CFDis =
N∑

i=1

SPViPPVgeni + SThiPThgeni − Pconi − 0.5
N∑

j=1

∣∣∣Stransi j

∣∣∣PLoss

 (23)

CFCont =
N∑

i=1

(F1 + F2 + F3)i =
N∑

i=1

(p f1 × Etran + p f2 × Egen + p f3 × Econ)i (24)

where PPVgeni
and PThgeni

are the PV and thermal electrical generated power of bus i, respectively.
p f1 equals to 0.11 $/kWh. p f2 equals to 0.1 $/kWh (for thermal power generation sources) or 0.12 $/kWh
(for PV electrical generation sources). p f3 is considered to be 6.8 $/kWh (for thermal sources) or
0.4 $/kWh (for PV source).

5. Discussion

As the PV electrical generated energy varies according to the season, the optimal energy flow
distributions between the six Egyptian ports are represented in Figures 8 and 9, and Table 3, for both
winter and summer seasons. The total average daily PV generated, consumed and excess energy of the
six studied Egyptian seaports, for both summer and winter are displayed in Table 4. In this research,
the required consumed energy of each port and the power losses of the transmission lines are assumed
to be fixed during the various seasons.

Table 3 clarifies the calculated average daily CO2 emission (in kg CO2), released from the equivalent
PV electrical energy that can replace the fossil fuel electrical energy generation. The considered mean
CO2 emission rates of electricity generation from PV and fossil fuels are 50 kg CO2/MWh and 850 kg
CO2/MWh, respectively. The obsolete CO2 emissions (in kg CO2), due to fossil fuel electrical power
sources’ replacement by PV ones, is displayed in the last column of Table 3. The average daily
equivalent PV-CO2 emission compared to the eliminated CO2 emission of the six Egyptian seaports is
presented in Figure 10. The total obsolete CO2 emissions can reach 892,800 kg CO2/day, indicating the
competence and the effectiveness of the simulated research project. This reduction in CO2 emissions
can be processed to improve its positive impact on the rate of climate change and the greenhouse effect.
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Figure 8. The average daily electrical energy flow through the studied system in Winter (the turquoise
colour for Damietta energy distribution and the pink colour for Sokhna port energy distribution).

Figure 9. The average daily electrical energy flow through the studied system in Summer (the turquoise
colour for Damietta energy distribution and the pink colour for Sokhna port energy distribution).
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Table 4. The total average daily PV generated, consumed and excess energy of the six studied
Egyptian seaports.

Total Average Daily PV Egen (MWh) Total Average Daily PV Econs (MWh) Excess Daily PV Eexc (MWh)

Winter Summer Winter Summer Winter Summer

1365 4150 1116 1116 249 3034

Figure 10. The average daily equivalent PV-CO2 emission compared to the eliminated CO2 emission in
the six Egyptian seaports.

6. Conclusions

This paper represents a suggested study for ports’ electrical power systems optimal commitment
based on an eco-friendly concept targeting the green port environment to form a decarbonized
unified power network for ports. The optimum interconnection between the ports’ electrical network
is based on Hybrid Particle Swarm Optimization Technique (HPSOT). The HPSOT consists of
discrete PSO for assigning both supplier and consumer ports, and the direction of the power flow,
while weighted PSO is for determining the transmitted power between the two ports. The optimal ports’
commitment is designed to work under certain technical constraints and fulfil the optimum economic
and environmental conditions. The technical constraints are electrical interconnection, voltage, and
frequency constraints. Transmission power loss, electricity price, and CO2 emission are the studied
environmental and economic factors. The developed work is tested on a sample of Egyptian ports.
The studied sample consists of six seaports. Three of the six ports are Mediterranean ports which
are Damietta, Alexandria, and El Dekheila while the others are on the Suez canal and the red sea
which are Port Said, Suez, and Sokhna. Both Damietta and Sokhna ports are suggested to have PV
electrical power generation units to cover their electrical power demand and optimally share the
excess power with the other connected ports. The average clean electrical generated energy can vary
from 1365 MWh/day in winter to 4150 MWh/day in summer. It is supposed to supply the overall
energy demand of the whole controlled unified power network which is 1116 MWh/day. Based on
the objectivity of this research, the equivalent reduction in CO2 emission is equal to 892,800 kg CO2,
which is the difference in the CO2 emission from PV generated energy and its equivalent from fossil
fuel sources. This reduction in CO2 emissions is equivalent to 94% of its fossil fuels CO2 emissions
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for the same electrical energy generation. It means a positive impact on the greenhouse effect and
climate changes.
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Nomenclature

Con1 the electrical interconnection constraint.
Con2 the voltage constraint.
∆V the voltage deviation.
Vb the bus voltage.
Vnominal the nominal voltage.
∆VM the maximum limit of the voltage deviation.
Con3 the frequency constraint.
∆F the frequency deficiency.
Fb the bus frequency.
Fnominal the nominal frequency.
∆FM the maximum satisfactory frequency variation.
F1 the transmission power loss factor.
F2 the electricity price (generation and maintenance) factor.
F3 the CO2 emission factor.
PLoss the transmission line power loss (in kW).
PTran the transmission line transmitted power (in kW).
ZL the impedance of transmission line.
VL the line voltage (in V).
p f1 the power loss penalty cost.
Etran the transmitted electrical energy between ports (in MWh).
p f2 the Electricity Price (EP) penalty cost.
Egen the generated electrical energy (in MWh).
p f3 the CO2 emission penalty cost.
Econ the consumed electrical energy (in MWh).
Vk+1

jt the jth velocity component real value at iteration k + 1.
Vk+1

j the jth velocity component integer value at iteration k + 1.
rand a random value between 0 and 1.
Pk

j the current position in the jth dimension at iteration k.
c1 and c2 the cognition and social factors, that are usually set to 2.0.
Pk

PB j
and Pk

GB j
the personal and global best location in the jth dimension at iteration k.

∆t the time step.
CF the cost function. It is a minimum solution objective function.
Edem the ports’ demand electrical energy (in MWh).

References

1. ESMIG. Available online: https://esmig.eu/page/20-20-20-goals (accessed on 20 March 2019).
2. Sawik, B.; Faulin, J.; Perez-Bernabeu, E. A multicriteria analysis for the green VRP: A case discussion for the

distribution problem of a Spanish retailer. Transp. Res. Procedia 2017, 22, 305–313. [CrossRef]
3. Sawik, B.; Faulin, J.; Perez-Bernabeu, E. Multi-criteria optimization for fleet size with environmental aspects.

Transp. Res. Procedia 2017, 27, 61–68. [CrossRef]

https://esmig.eu/page/20-20-20-goals
http://dx.doi.org/10.1016/j.trpro.2017.03.037
http://dx.doi.org/10.1016/j.trpro.2017.12.056


Sustainability 2019, 11, 2218 15 of 16

4. Serrano-Hernandez, A.; Faulin, J.; Hirsch, P.; Fikar, C. Agent-based simulation for horizontal cooperation in
logistics and transportation: From the individual to the grand coalition. Simul. Model. Pract. Theory 2018,
85, 47–59. [CrossRef]

5. El-Amary, N.H.; Balbaa, A. Green energy seaport suggestion for sustainable development in Damietta port,
Egypt. WIT Trans. Ecol. Environ. 2017, 214, 67–77.

6. Balbaa, A.; El-Amary, N.H. Environmental sustainable in seaports through electrical power scheduling.
In Proceedings of the International Maritime Transport & Logistics Conference “Marlog7” entitled: Innovation
in Ports “The Gateway of the Future”, Alexandria, Egypt, 18–20 March 2018.

7. El-Amary, N.H.; Balbaa, A.; Swief, R.A.; Abdel-Salam, T.S. A reconfigured whale optimization technique
(RWOT) for renewable electrical energy optimal scheduling impact on sustainable development applied to
Damietta seaport, Egypt. Energies 2018, 11, 535. [CrossRef]

8. Tumuluru, V.K.; Tsang, D.H. A two-stage approach for network constrained unit commitment problem with
demand response. IEEE Trans. Smart Grid 2018, 9, 1175–1183. [CrossRef]

9. Abujarad, S.Y.; Mustafa, M.W.; Jamian, J.J. Recent approaches of unit commitment in the presence of
intermittent renewable energy resources: A review. Renew. Sustain. Energy Rev. 2017, 70, 215–223. [CrossRef]

10. Cobos, N.G.; Arroyo, J.M.; Alguacil, N.; Street, A. Network-constrained unit commitment under significant
wind penetration: A multistage robust approach with non-fixed recourse. Appl. Energy 2018, 232, 489–503.
[CrossRef]

11. Xiong, P.; Jirutitijaroen, P.; Singh, C. A distributionally robust optimization model for unit commitment
considering uncertain wind power generation. IEEE Trans. Power Syst. 2017, 32, 39–49. [CrossRef]

12. Aghaei, J.; Agelidis, V.G.; Charwand, M.; Raeisi, F.; Ahmadi, A.; Nezhad, A.E.; Heidari, A. Optimal robust
unit commitment of CHP plants in electricity markets using information gap decision theory. IEEE Trans.
Smart Grid 2017, 8, 2296–2304. [CrossRef]
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