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A B S T R A C T

Island electricity generation systems (IES) pose challenges in the integration of renewable energies that are
compatible with security of supply. This work proposes a methodology and a proposed decision tool that allows
the optimization of the production of different generation systems, both renewable and non-renewable, setting a
series of objectives such as the reduction of greenhouse gases (GHG), production costs and at the same time
fulfilling the best coverage in dynamic response, security, scalability, and integration. This tool is based on
operational research, mathematical optimization methods, specifically the simplex algorithm and the generalized
reduced gradient (GRG) and proposes different combinations to achieve an energy production that meets the
demand, minimizing fuel consumption and greenhouse gas (GHG) emissions.

1. Introduction

In previous studies, such as those by (Berna-Escriche et al., 2022),
(Papadopoulos, 2020), and (Vargas-Salgado et al., 2022), as well as
more recent ones, such as those by (Lozano Medina et al., 2024b),
various scenarios have been proposed for studying the transition and
challenges faced by an island generation system in the implementation
of a more sustainable generation and in parallel a promotion of a greater
penetration of renewable energies with guaranteed. Several scenarios
have been proposed which allow the transition and challenges faced by
an island generation system in the implementation of a more sustainable
generation and in parallel a promotion of a greater penetration of
renewable energies with guaranteed supply to be studied supply
(Kennedy et al., 2017) and (Qiblawey et al., 2022). Conversely, to
address the challenges posed by the lack of connectivity in island energy
systems (Katsaprakakis, 2016; Paspatis et al., 2023), energy storage
systems are proposed (Ferreira et al., 2013), the implementation of en-
ergy storage systems by hydroelectric pumping has been proposed for
the Canary Islands. One of the most prominent examples of this
approach is the PHES project “Chira-Soria.” This system and its inte-
gration into the island energy system has been studied by (Lozano

Medina et al., 2024a), who concluded that its implementation would
maximize the integration of renewable energies. However, they also
identified a need for the development of an advanced tool for the
optimal selection of systems in the island energy mix. The methodology
employed in the analysis of generation in power generation systems has
been studied at the continental level (Gkonis et al., 2020; Gómez-Calvet
et al., 2019) or at the island level (Paúl Arévalo et al., 2022; Paul Arévalo
et al., 2022; Lobato et al., 2017; Sigrist et al., 2017). The Hybrid Opti-
mization of Multiple Energy Resources (HOMER) model (Berna-Escriche
et al., 2022; Vargas-Salgado et al., 2022) has been employed in this
context. However, it does not consider other scenarios such as existing
systems or the use of other types of renewable or lower emission fuels
applied in conventional generation systems (Lozano Medina et al.,
2024b).Table 1.Table 2.Table 3.Table 4..

The objective of this study is to develop a tool that relates all the
variables of energy production through thermal systems, with the aim of
minimizing costs and emissions and covering the energy demand that
cannot be covered by energy production through renewables. For the
purposes of this study, the 2021 energy data for the island of Gran
Canaria and its generation system have been made available (Lozano
Medina et al., 2024b). The objective of this tool is to optimize the energy
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production system using combustion technology (non-renewable) and
combine it with energy production using renewables that meet expec-
tations in terms of dynamic response, safety, scalability, and integration
with renewable energy systems. The achievement of the objective will
be based on operational research, mathematical optimization methods,
namely the simplex algorithm (Alekseyev et al., 1990; Hardt et al., 2021;
Kasprzyk and Jaskuła, 2004; Msabawy and Mohammad, 2021) and the
generalized reduced gradient (GRG) applied in various domains
(Haggag, 1981; Msabawy and Mohammad, 2021; Qiu et al., 2022), In
2022, a number of different combinations will be proposed in order to
achieve energy production that meets the demand while minimizing fuel
consumption and greenhouse gas (GHG) emissions. As a case study and
validation of the model, it has been applied to the case of the electricity
system of the island of Gran Canaria.

2. Materials and methods

2.1. Methodology

The methodology followed for the achievement of the possible
operational improvements sought in the energy generation process has
been outlined in Fig. 1.

Operational research will be used to optimize the use of energy
production equipment in such a way as to minimize emissions and costs,
as well as to assist in the integration of renewable energy. To this end,
representative equations of the operation of the equipment are investi-
gated and reproduced, being the representation of this operation a
complex and novel work.

2.2. Mathematical methods of optimization. Simplex algorithm and
Generalized reduced gradient

Operations Research or management science is a set of tools that are
used in mathematical and statistical models to find the best solution,
with the objective of helping in decision making. Although this area is
very broad and covers various models. For the resolution of the equa-
tions, both linear and non-linear, which are raised with the tool, linear
programming and non-linear programming will be used respectively,
this procedure will focus on the following methods:

- Simplex algorithm. For linear programming with constraints, and
more than two variables, where all the expressed terms are going to
be linear, the sim-plex algorithm will be used. Operating with linear

Table 1
Decision variables. Instant Power (MW).

Type Technology Acronyms

Gas Turbine Power PTG
Steam Turbine Power PTV
Combined Cycle Power PCC
4-Stroke Diesel Engine PD4T
2-stroke diesel engine PD2T

Table 2
Restrictions according to technology.

Power Ranges (MW)

Inequality1 Gas Turbine Power 2.7 < PTG < 125.0

Inequality2 Steam Turbine Power 18.0 < PTV < 500.0
Inequality3 Combined Cycle Power 18.0 < PCC < 500.0
Inequality4 4-stroke diesel engine power 1.3 < PD4T < 130.0
Inequality5 2-stroke diesel engine power 1.4 < PD2T < 45.0
Inequality6 Power to be covered PTG + PTV + PCC + PD4T + PD2T = P

Total Demandada − P Eólica-P Fotovoltaica

Table 3
Decision variables. Instant Power (MW).

Type Technology Acronyms

Gas Turbine Power PTG
Steam Turbine Power PTV
Combined Cycle Power PCC
4-Stroke Diesel Engine PD4T
2-stroke diesel engine PD2T

Table 4
Restrictions according to technology.

Power Ranges (MW)

Inequality1 Gas Turbine Power 2.7 < PTG < 125.0

Inequality2 Steam Turbine Power 18.0 < PTV < 500.0
Inequality3 Combined Cycle Power 18.0 < PCC < 500.0
Inequality4 4-stroke diesel engine power 1.3 < PD4T < 130.0
Inequality5 2-stroke diesel engine power 1.4 < PD2T < 45.0
Inequality6 Power to be covered PTG + PTV + PCC + PD4T + PD2T = P

Total Demandada − P Eólica-P Fotovoltaica

Fig. 1. Methodology.
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problems may seem at first very complex, but if the correct steps are
followed, the optimal solution will be reached. First identify the
decision variables followed by the objective function and finally the
constraints. When you have reached this point, you can solve in two
ways: numerically or graphically. But to find the solution to this type
of problem graphically, you would have to deal with linear models
with two variables. For three or more variables, another more spe-
cific method of resolution should be applied, such as the method of
interior points or the Simplex method. The difference between these
two techniques is that if it is applied for interior points, one will
operate in the interior of the feasible region while with the Simplex
method one will operate with the exterior points of the region, which
can take less time to find the optimal solution. The Simplex method is
a mathematical practice that, by searching and checking the different
solutions, provides the optimal solution of the linear problem.

- Generalized Reduced Gradient, (GRG). For constrained nonlinear
programming, a nonlinear optimization code, Generalized Reduced
Gradient, will be used. For the optimization of unconstrained
nonlinear programming models, there is a category of methods
called “General Descent Algorithms”, among which the Gradient
Method or Steepest Descent Method (also known as Cauchy Method)
stands out, which reduce the computation of a local minimum to a
sequence of linear search problems (or one-dimensional search).

2.3. Development of a tool for the study of power scaling in thermal power
plants in combination with renewables in isolated island systems

The development of a tool to optimize the power production
equipment and describe the different existing combinations to achieve
the energy production that satisfies the demand, optimizing a) the cost
of fuel, choosing equipment with lower fuel consumption and equip-
ment that operates with the least expensive fuel, b) GHGs, choosing
equipment with lower pollution and therefore GHGs (tCO2eq). With this
tool it is possible to obtain, for the different energy demands, the best
combination of equipment to produce the demanded power with the
lowest GHG and the lowest fuel costs. Once the energy consumption data
have been analyzed, as well as the technical and operational charac-
teristics of the available combustion energy production equipment, the
tool will be developed using mathematical optimization methods, spe-
cifically the Simplex method and Generalized Reduced Gradient (GRG)
from Operations Research.

2.3.1. Development of a tool for GHG minimization
As already mentioned, the aim is to develop a tool to optimize the

choice of power production equipment, with its application to those
existing in Gran Canaria, based on their performance, fuel consumption,
type of fuel, etc., which reduce GHG. In this case, a linear function to be
optimized with linear restrictions is finally obtained, which is why the
Simplex optimization method or Simplex algorithm has been used. As
already indicated, the tool seeks to optimize fuel consumption and type
and therefore minimize GHG emissions. Based on this, the decision
variables, the objective functions, and the constraints will be defined.
DECISION VARIABLES: The instantaneous powers of the different

production teams were taken as decision variables. This is:
TARGET FUNCTION: In terms of the target function, the aim is to

minimize GHG emissions. This objective function defines the hourly
emissions of energy production equipment as a function of the installed
power or power produced in an hour. To achieve the objective function
and determine the decision variables, we work with the emission factor
equations of the producing equipment, transforming them until the
appropriate objective function is reached. For each type of production
technology, the following must be defined:

F(tCO2eq/MWh) =
GHG(tCO2eq)

Energeticproduction(MWh)

F(tCO2eq/MWh) =
GHG/time(tCO2eq/h)

P(MW)

GHG/time(tCO2eq/h) = F(tCO2eq/MWh)xP(MW)

F
(
tCO2eq/MWh

)
P(MW)GHG

(
tCO2eq

)
is the emission factor of each

technology, P(MW) it’s power by technology, and GHG
(
tCO2eq

)
are the

greenhouse gases produced by each technology. Operating with this
equation for each technology we obtain the following objective linear
functions per technology.

GHGTG/t(tCO2eq/h) = 1.133Â⋅PTG

GHGTV/t(tCO2eq/h) = 0.812Â⋅PTV

GHGCC/t(tCO2eq/h) = 0.603Â⋅PCC

GHGD4T/t(tCO2eq/h) = 0.649Â⋅PD4T

GHGD2T/t(tCO2eq/h) = 0.649Â⋅PD2T

The sum of all of them produces the overall objective function of Gran
Canaria’s energy system to minimise GHGs.

GHG/t(tCO2eq/h) = 1.133Â⋅PTG +0.812Â⋅PTV +0.603Â⋅PCC

+0.649Â⋅PD4T +0.649Â⋅PD2T

CONSTRAINTS: The constraints taken are the power intervals at which
the equipment works, as well as the power needed to be reached at the
time to cover the demand. These power ranges are those of the operation
of the power-producing equipment, defined by the manufacturer itself.

2.3.2. Application of the Generalized reduced gradient method
As already indicated, the tool seeks to optimize fuel consumption and

type and therefore minimize production costs. Based on this, the deci-
sion variables, the objective functions, and the constraints will be
defined. Taking into account the behaviour of the production equip-
ment, the current energy production of Gran Canaria is supported by 4
steam turbines, 5 diesel equipment, 5 gas turbines, 2 combined cycles
with double gas turbine and steam turbine. Among the data studied is
the variation of the efficiency (%) versus the instantaneous power (MW)
produced, the fuel consumption as a function of its operating regime,
type of fuel, etc. To achieve the objective functions, we work with the
equations of the power-performance curves of the producing equipment,
transforming them until the appropriate objective function is reached.

LOGARITHMIC HIGH CURVE:

PTG=0.0003Â⋅e33.318Â⋅η ηTG =0.0288Â⋅ln(PTG)+0.2509R2 = 0.9605

PTV=0.0002Â⋅e34.957Â⋅η ηTG =0.0271Â⋅ln(PTV)+0.2447R2 = 0.9461

PCC=0.0092Â⋅e19.494Â⋅η ηCC =0.0434Â⋅ln(PCC)+0.2738R2 = 0.8451

PD4T=2Â⋅10− 5Â⋅e26.707Â⋅η ηD4T =0.035Â⋅ln(PD4T)+0.4181R2 = 0.9348

PD2T=2Â⋅10− 10Â⋅e48.417Â⋅η ηD2T =0.0198Â⋅ln(PD2T)+0.4614R2 = 0.9587

LOGARITHMIC LOW CURVE:

PTG=0.0002Â⋅e43.91Â⋅η ηTG =0.021Â⋅ln(PTG)+0.2055R2 =0.9239

PTV=1Â⋅10− 8Â⋅e79.548Â⋅η ηTV =0.0118Â⋅ln(PTV)+0.2319R2 = 0.9378

PCC=2Â⋅10− 8Â⋅e57.073Â⋅η ηCC =0.0164Â⋅ln(PCC)+0.3203R2 =0.9334

PD4T=0.0001Â⋅e3.369Â⋅η ηD4T =0.0415Â⋅ln(PD4T)+0.3927R2 = 0.9708

PD2T=2Â⋅10− 17Â⋅e85.763Â⋅η ηD2T =0.0101Â⋅ln(PD2T)+0.4588R2 = 0.8625
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HIGH POTENTIAL CURVE:

PTG=6, 087,683.73Â⋅ηTG
11.534 ηTG = 0.2581Â⋅PTG

0.0867
R2 = 0.9432

PTV=56,352,113.2Â⋅ηTV
13.245 ηTV = 0.2599Â⋅PTV

0.0755
R2 = 0.9311

PCC=233,083.76Â⋅ηCC
10.288 ηCC = 0.3008Â⋅PCC

0.0972
R2 = 0.8144

PD4T=94,042.024Â⋅ηD4T
13.175 ηD4T = 0.4193Â⋅PD4T

0.0759
R2 = 0.9201

PD2T=254,075,634.4Â⋅ηD2T
25.062 ηD2T = 0.462Â⋅PD2T

0.0399
R2 = 0.9531

LOW POTENTIAL CURVE:

After this study, decision variables, target functions and constraints
were defined.
DECISION VARIABLES: The instantaneous powers of the different

production teams were taken as decision variables. This is:
OBJECTIVE FUNCTION: As for theobjective function, it seeks to

minimize production costs, this function defines the economic cost-hour
of the energy production equipment based on the installed power or
power produced in an hour and its fuel consumption. To achieve the
objective functions and determine the decision variables, we work with
the equations that relate the performance of the equipment to its pro-
duction, η = f(P), in potential and logarithmic form, transforming them
until the appropriate objective function is reached.

Cost(€/s) = mʹ
combustible(kg/s)x

Pricefuel
mfuel

(€/kg)

mʹ
fuel(kg/s) =

P(MW)

η(%)Â⋅LCV(MJ/kg)

η(%) = aÂ⋅Pb; ecuación en forma potencial (η = f(P)).
Replacing

Coste(€/s) = P(MW)

AÂ⋅PBÂ⋅PCI(MJ/kg)
x
Pricefuel
mfuel

(€/kg)

Cost(€/s) = CÂ⋅P(1− B)(€/s)

mʹ
fuel(kg/s) is the mass of fuel consumption of the equipment-

technologies, LowCalorificValue(LCV)(MJ/kg) is the lower calorific
value of the type of fuel consumed, η(%) is the performance of the
equipment by technology, P(MW) is the power by technology and A, B,
C constant values resulting from the different operations. Working with
this equation for each technology yields the objective nonlinear func-
tions per technology in potential form. With the same procedure, the
objective nonlinear functions would be obtained by technology in log-
arithmic form.

Logarithmic Target Function:

Price/t(€/s) = 0.46504Â⋅PTG

0.0288Â⋅ln(PTG) + 0.2509
Â⋅42.8885

+
0.37998Â⋅PTV

0.0271Â⋅ln(PTV) + 0.2447
Â⋅41.2124

+
0.46504Â⋅PCC

0.0434Â⋅ln(PCC) + 0.2738
Â⋅42.8885

+
0.37998Â⋅PD4T

0.035Â⋅ln(PD4T) + 0.4181
Â⋅41.2124

+
0.37998Â⋅PD2T

0.0198Â⋅ln(PD2T) + 0.4614
Â⋅41.2124

Potential Target Function:

Price/t(€/s) = 0.0420108480114703Â⋅PTG
0.9133

+0.0354753388623078Â⋅PTV
0.9245

+0.0360472070204804Â⋅PCC
0.9028

+0.019956797771242Â⋅PD4T
0.9601

+0.0219891260918526Â⋅PD2T
0.9241

PTG=305,809,752.73Â⋅ηTG
12.52ηTG = 0.2099Â⋅PTG

0.0799
R2 = 0.9029

PTV=1,480,368,843,832,330.0Â⋅ηTV
24.21 ηTV = 0.2363Â⋅PTV

0.0413
R2 = 0.941

PCC=378,757,475,895.23Â⋅ηCC
23.75ηCC = 0.3255Â⋅PCC

0.0421
R2 = 0.9242

PD4T=22,536.66Â⋅ηD4T
10.79 ηD4T = 0.3949Â⋅PD4T

0.0927
R2 = 0.9623

PD4T=12,710,359,419,211,600.0Â⋅ηD4T
47.62ηD2T = 0.459Â⋅PD2T

0.021
R2 = 0.8592

Fig. 2. GHG emissions.
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CONSTRAINTS: The constraints taken are the power intervals at which
the equipment works, as well as the power needed to be reached at the
time to cover the demand. These power ranges are those of the operation
of the power-producing equipment, defined by the manufacturer itself.

3. Results

3.1. Simplex method

3.1.1. Application of the tool to minimise hourly emissions of energy
production equipment

The developed tool is applied. It is analyzed 24 h a day on August 17,
2021, the day when the highest annual energy demand occurred at
2:53p.m., with 529.0 MW of instantaneous power. In this case, as
already indicated, the tool seeks to minimize GHGs. As a result of this
application, in the 24 h we have a combination of power-producing
equipment that makes emissions as low as possible, meeting the en-
ergy demand. The following graph shows, among others, the “GHG”
curve that indicates the actual emissions produced during the 24 h and
the “GHG Minimized” curve, emissions produced by the best combina-
tion of equipment based on the restrictions andmethodology established
by the tool.

The algorithm established a new combination (it exclusively chose
combined cycle technology for energy production), which decreases
emissions in 24 h by 388.0 tCO2eq, (8.83 %). In Fig. 2, in addition to
representing the two curves: “GHG”, which are the actual emissions
produced on August 17, 2021, and “GHG Minimized”, which represent
the emissions that would have occurred on August 17, 2021 if the com-
bination of equipment proposed by the algorithm to minimize GHGs had
been used, The “GHG for Minimized cost” curve is also represented,
which indicates the GHG emissions that would have occurred on August
17, 2021 if the combination of equipment proposed by the algorithm
had been used to minimize costs. As will be seen in the corresponding
section, cost minimization involves another combination of different
equipment and therefore a different GHG production. This new combi-
nation of technologies results in a 24-hour decrease in GHGs by 338.3
tCO2eq (7.61 %).Fig. 3..

3.1.2. Model validation to minimise emissions
When we have obtained the optimal solution to the system, we must

validate the model, that is, check if the result obtained makes sense and
the decisions can be executed ((Mathur et al., 1996)). Therefore, we will
determine whether to accept the model and then apply it later or reject it
in such a way that we will have to rework the modelling process. To
determine the validity of the system, we will analyze the agreement
between the observed data of the real model and those provided by the
model (Ríos-Insua et al., 2006) by choosing the combination of equip-
ment that was used in the real model and running the algorithm with

this combination, and then comparing results. To validate the model
determined to search for the minimum emissions, different simulations
have been made with the simplex method of different combinations of
operation of the production equipment, for which real emissions data
are available and the differences between the algorithm and reality have
been verified. The percentage of deviation has been estimated, all of
which are less than 1.00 %. An example is the validation study that was
carried out where the emissions produced on August 17, 2021 were
studied.

It has been verified that the real GHG on that day was 4,781.0 tCO2eq
and those estimated by the algorithm 4,828.3 tCO2eq, which is a 0.979 %
deviation. Therefore, the tool for GHG estimation is considered
validated.

3.2. Generalized reduced gradient method

3.2.1. Application of the tool to minimize energy production costs
The developed tool is applied. In the case of the logarithmic objective

function, coherent results are not obtained and it is not applicable to the
system followed, so we will work with the potential objective function
that did give good results.

It is analyzed 24 h a day on August 17, 2021, the day when the
highest annual energy demand occurred at 2:53p.m., with 529.0 MW of
instantaneous power. In this case, as already indicated, the tool seeks to
minimise the economic cost of energy production equipment depending
on the installed power and/or production demanded. As a result of this
24-hour application, a combination of power-producing equipment is
produced that makes the economic cost as low as possible while meeting
the energy demand. The following graph shows, among others, two
curves that indicate the real costs during the 24 h and the costs estab-
lished by the tool, algorithm, with its new combination of producing
equipment.

The algorithm established a new combination (it chose the combined
cycle and two-stroke diesel engine technologies for energy production),
which decreases the cost in 24 h by €56,015.3, (10.48 %). Fig. 4, in
addition to representing the “Cost” curves, which are the actual costs
incurred on August 17, 2021, and the “Cost Minimized” curves, which
represent the costs that would have occurred on August 17, 2021 if the
combination of equipment proposed by the algorithm had been used to
minimize them, the “Cost to Minimized GHGs” curve is also represented“,
which indicates the economic cost that would have occurred on 17
August 2021 if the combination of equipment proposed by the algorithm
had been used to minimise GHGs. As seen in previous sections, GHG
minimization involves another combination of different equipment and
therefore another production of different costs. This new combination of
technologies means a reduction in costs in 24 h by €49,255.3, (9.10 %).
Fig. 5..

Fig. 3. Comparison of real GHG vs. estimated by the GHG Algorithm.
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3.2.2. Model validation to minimize economic cost
To validate the model determined to find the minimum fuel con-

sumption, the most economical and most profitable, simulations have
been made with the method of the generalized reduced gradient of
operating data of the production equipment and the differences between
the algorithm and reality have been verified, estimating the percentage
of deviation, all of which are less than 1.00 %. An example is the vali-
dation study that was carried out where the costs produced on August
17, 2021 were studied.

It has been verified that the actual costs on that day were €590,416.9
and those estimated by the algorithm were €592,532.9, which repre-
sents a 0.357 % deviation. Therefore, the tool for estimating the cost of
fuel consumption is considered validated.

3.2.3. Combined solution. Application to minimise energy production costs
and GHGs

Fig. 4, as already indicated, also shows a third curve: “Cost to Mini-
mized GHGs”, with which the costs produced by the combination of
equipment that produce lower GHGs have been represented. As you can
see, it improves the costs of the real case, and equalizes the costs of the

best existing combination to minimize them. On the other hand, in
Fig. 2, a third curve is also shown: “GHG for Minimized cost”, with this
curve the GHGs produced by the combination of equipment that pro-
duces lower costs has been represented. As can be seen, it improves the
GHGs of the real case, and equalizes the minimized GHGs.

4. Summary of applied methods

With all this, it is obtained, in summary, that the maximum daily cost
savings in fuels in power production plants can be estimated for the day
studied of approximately €85,000, if we choose exclusively to minimize
the cost. And it has been obtained that the maximum daily decrease of
GHGs in power production plants can be estimated to be approximately
388 tCO2eq for the day studied, if we choose exclusively to minimize
GHGs as shown in Table 5.

5. Discussion and conclusions

The algorithm represents a valid tool for the management of pro-
duction teams, offering the optimal combination of these teams for the

Fig. 4. Economic costs.

Fig. 5. Comparison of actual fuel consumed costs versus those estimated by the algorithm.

Table 5
Result of GHG and Cost estimates for August 17, 2021 for different combinations of technologies.

Algoritmo Real data Real Combination of Technologies
simulated with the algorithm

Combining technologies for
get the Minimized Cost

Combining technologies for
obtain the Minimized GHG

amount amount % Difference
from Actual

amount % Difference
from Actual

amount % Difference
from Actual

GHG (tCO2eq) 4,781.0 4,828.3 0.979 % 4,442.7 − 7.616 % 4,393.0 − 8.833 %
Cost (€) 590,416.9 592,532.9 0.357 % 534,401.6 − 10.482 % 541,161.7 − 9.102 %
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optimal optimisation of the variable in the studio. The algorithm and
methodology have been employed to resolve the dual problem posed,
with operations research serving as the precursor to programming. This
mathematical tool has enabled us to develop our problem with contin-
uous variables and linear constraints. Indeed, alternative methods have
been employed to address these issues, which can be analysed or
visualised. The graphical method is arguably one of the most expedient
and transparent approaches to problem-solving. However, it is limited in
its applicability to scenarios involving only two variables, a constraint
that is seldom encountered in real-world contexts. This is where the
relevance of both methods becomes apparent. The algorithm has been
demonstrated to be effective even when the number of variables is high,
as long as there is at least one variable. Consequently, it can be posited
that the Simplex and GRG methods are capable of providing an optimal
solution to the decision-making process, as they consistently identify the
optimal value that maximises the target function. In the case under
analysis, two individual solutions were obtained in accordance with the
objective sought, and a third of compromise was also identified.

1. The optimal solution for the optimisation of production equipment in
order to reduce costs was identified, resulting in a cost reduction of
9.102 %.

2. The optimal configuration of production equipment for the reduction
of GHG emissions, resulting in a decrease in GHG of 8.833 %. The
aforementioned methods have been demonstrated to markedly
enhance the outcomes of the equipment combination selected by the
production company.

3. Conversely, it has also served to seek a third compromise solution,
which encompasses the two joint optimisations of cost and GHG,
resulting in a superior compromise solution to that applied by the
producing company. This solution comprises an alternative combi-
nation of equipment that offers the lowest economic cost, as illus-
trated in Fig. 4. This combination is comparable to the one that
minimises GHGs the most, although it is slightly above this mini-
mum. The GHG curve for the Minimised COST, represented in Fig. 2,
shows that this combination of equipment produces GHGs that are
well below those produced by the solution adopted by the producing
company.

Funding

This research was cofunded by the INTERREG V-A Cooperation,
Spain–Portugal MAC (Madeira-Azores-Canaries) 2014–2020 program,
MITIMAC project (MAC2/1.1a/263).

CRediT authorship contribution statement

Juan Carlos Lozano Medina:Writing – review & editing, Writing –
original draft, Visualization, Validation, Supervision, Software, Re-
sources, Methodology, Investigation, Formal analysis, Data curation,
Conceptualization. Vicente Henríquez Concepción: Visualization,
Validation, Supervision. Carlos A. Mendieta Pino: Writing – review &
editing, Writing – original draft, Visualization, Validation, Supervision,
Investigation, Funding acquisition, Conceptualization. Federico León
Zerpa: Writing – review & editing, Validation, Supervision, Resources.

Declaration of Competing Interest

The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing interests:
[Carlos Alberto Mendieta Pino reports was provided by University of Las
Palmas de Gran Canaria. Carlos Alberto Mendieta Pino reports a rela-
tionship with University of Las Palmas de Gran Canaria that includes:
employment. If there are other authors, they declare that they have no
known competing financial interests or personal relationships that could
have appeared to influence the work reported in this paper].

Appendix A. Supplementary material

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jksus.2024.103345.

References

Alekseyev, A.O., Alekseyev, O.G., Kiselev, V.D., 1990. Application of the resolving
multipliers of the modified simplex method in problems of integer linear
programming. USSR Comput. Math. Math. Phys. 30, 114–115. https://doi.org/
10.1016/0041-5553(90)90116-A.

Berna-Escriche, C., Vargas-Salgado, C., Alfonso-Solar, D., Escrivá-Castells, A., 2022. Can
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Optimization of the electricity generation mix using economic criteria with zero-
emissions for stand-alone systems: case applied to Grand Canary Island in Spain.
Prog. Nucl. Energy 151, 104329. https://doi.org/10.1016/j.pnucene.2022.104329.

J.C. Lozano Medina et al. Journal of King Saud University - Science 36 (2024) 103345 

7 

https://doi.org/10.1016/j.jksus.2024.103345
https://doi.org/10.1016/j.jksus.2024.103345
https://doi.org/10.1016/0041-5553(90)90116-A
https://doi.org/10.1016/0041-5553(90)90116-A
https://doi.org/10.1016/j.est.2022.104774
https://doi.org/10.1016/j.est.2022.104774
https://doi.org/10.1016/j.energy.2013.02.037
https://doi.org/10.1016/j.energy.2013.02.037
https://doi.org/10.1016/j.enpol.2020.111401
https://doi.org/10.1016/j.enpol.2020.111401
https://doi.org/10.1016/j.renene.2018.12.072
https://doi.org/10.1016/0377-2217(81)90277-0
https://doi.org/10.1016/0377-2217(81)90277-0
https://doi.org/10.1016/j.simpat.2020.102214
https://doi.org/10.1016/j.jelechem.2003.11.060
https://doi.org/10.1016/j.apenergy.2015.11.085
https://doi.org/10.1016/j.egypro.2017.03.517
https://doi.org/10.1016/j.ijepes.2017.03.014
https://doi.org/10.1016/j.ijepes.2017.03.014
https://doi.org/10.3390/w16040515
https://doi.org/10.3390/su16031214
http://refhub.elsevier.com/S1018-3647(24)00257-X/h0080
http://refhub.elsevier.com/S1018-3647(24)00257-X/h0080
http://refhub.elsevier.com/S1018-3647(24)00257-X/h0080
https://doi.org/10.1016/j.matpr.2020.12.318
https://doi.org/10.1016/j.renene.2019.12.045
https://doi.org/10.1016/j.renene.2019.12.045
https://doi.org/10.1016/j.epsr.2023.109436
https://doi.org/10.1016/j.enconman.2022.115488
https://doi.org/10.1016/j.enconman.2022.115488
https://doi.org/10.1016/j.ecolmodel.2005.11.034
https://doi.org/10.1016/j.ecolmodel.2005.11.034
https://doi.org/10.1016/j.apenergy.2016.12.076
https://doi.org/10.1016/j.apenergy.2016.12.076
https://doi.org/10.1016/j.pnucene.2022.104329

	Proposal of an optimization tool for demand response in island electricity systems (IES) using the Simplex method and Gener ...
	1 Introduction
	2 Materials and methods
	2.1 Methodology
	2.2 Mathematical methods of optimization. Simplex algorithm and Generalized reduced gradient
	2.3 Development of a tool for the study of power scaling in thermal power plants in combination with renewables in isolated ...
	2.3.1 Development of a tool for GHG minimization
	2.3.2 Application of the Generalized reduced gradient method


	3 Results
	3.1 Simplex method
	3.1.1 Application of the tool to minimise hourly emissions of energy production equipment
	3.1.2 Model validation to minimise emissions

	3.2 Generalized reduced gradient method
	3.2.1 Application of the tool to minimize energy production costs
	3.2.2 Model validation to minimize economic cost
	3.2.3 Combined solution. Application to minimise energy production costs and GHGs


	4 Summary of applied methods
	5 Discussion and conclusions
	Funding
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Appendix A Supplementary material
	References


