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The penetration of renewable energy in island 
environments poses a series of challenges, such as 
stability, demand response and security of supply, among 
others. In this thesis, we will study the current conditions 
of the electrical energy demand in Gran Canaria and its 
electrical production system. Based on the data and 
characteristics of the different combustion energy 
production units existing in the two power plants of Gran 
Canaria, a tool will be proposed to optimise the energy 
production system using combustion technology (non-
renewable) and combine it with energy production using 
renewable energy sources that meet the expectations in 
terms of dynamic response, safety, scalability and 
integration with renewable energy systems, reduction of 
greenhouse gases and reduction of production costs. This 
tool will be based on operational research, mathematical 
optimisation methods, specifically the Simplex Algorithm 
and the GRG, and will propose the different existing 
combinations in order to achieve energy production that 
satisfies demand, minimising fuel consumption and 
greenhouse gas (GHG) emissions, optimising the power 
available in Gran Canaria.
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The objective of this work is to create a tool that relates all the variables of energy production through thermal systems, 
minimising costs and emissions and covering the energy demand that cannot be met by energy production from renewable 
sources. For the application of this study, the energy data of the island of Gran Canaria and its generation system for the 
year 2021 were available. This tool will optimise the energy production system using combustion technology (non-
renewable) and combine it with energy production using renewable energy sources that meet the expectations in terms of 
dynamic response, safety, scalability and integration with renewable energy systems.
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• The algorithm developed is a valid and effective tool for the 
management of production facilities, offering the optimal combination 
for the best optimisation of the variables studied.

• The algorithm shows that there is one ideal solution for cost 
optimisation and another for GHG reduction. The results of both 
approaches significantly improve the performance of the production 
equipment mix. In addition, the algorithm facilitates a third 
compromise solution that jointly optimises both cost and GHG 
emissions.

• The algorithm and its methodology successfully address the dual 
problem posed, with operations research playing a crucial role prior to 
programming. 

• The algorithm, using Simplex and GRG methods, confirms that even 
with a large number of variables, an optimal value can always be 
found, provided the problem is solvable. These methods are crucial to 
the decision-making process as they consistently identify the optimal 
solution that maximises the objective function. As a result, Simplex 
and GRG methods ensure effective and efficient solutions to complex 
production facility management challenges.
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Result of GHG and Cost estimates for August 17, 2021, for different combinations of technologies.

GHG emissions

Comparison of real GHG vs. estimated by the GHG Algorithm

[1] Vargas-Salgado C, Berna-Escriche C, Escrivá-Castells A, Alfonso-Solar D. Optimization of the 
electricity generation mix using economic criteria with zero-emissions for stand-alone systems: Case 
applied to Grand Canary Island in Spain. Progress in Nuclear Energy 2022;151:104329. 
https://doi.org/https://doi.org/10.1016/j.pnucene.2022.104329.
[2] Lozano Medina JC, Perez-Baez S, Leon-Zerpa F, Mendieta-Pino CA. Alternatives for the Optimization 
and Reduction in the Carbon Footprint in Island Electricity Systems (IESs). Sustainability 2024;16. 
https://doi.org/10.3390/su16031214.
[3] Qiblawey Y, Alassi A, Zain ul Abideen M, Bañales S. Techno-economic assessment of increasing the 
renewable energy supply in the Canary Islands: The case of Tenerife and Gran Canaria. Energy Policy 
2022;162:112791. https://doi.org/https://doi.org/10.1016/j.enpol.2022.112791.1111

Fuels used (t) and GHG produced (tCO2eq). Gran Canaria, year 2021

mailto:Juancarlos.lozano@ulpgc.es

	DEVELOPMENT OF A TOOL TO OPTIMISE DEMAND RESPONSE IN THERMAL POWER PLANTS. SIMPLEX METHOD AND GRG: �APPLICATION TO ISLAND POWER SYSTEMS

