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Abstract

In this study, different hybrid systems based on renewable energies are modeled to cover the energy
demands of isolated residential houses on the Canary Islands. The study will cover the energy
requirements of a residential house, including fresh water production with a reverse osmosis
desalination plant. The system will be designed to be uncoupled from the electrical grid. The tool
used to model and optimize the hybrid systems was the HOMER software. The data input to the
model were the electrical demand of residential homes (including the consumption of the small
reverse osmosis desalination plant) and the technical specifications of the different devices and
renewable energies, such as solar radiation and wind speed potentials. The software considers
different arrangements to optimize hybrid systems, selecting the best configuration based on the
renewable energy sources at the selected location. The data used in the research were taken on the
eastern islands of the Canary Islands (Gran Canaria, Lanzarote and Fuerteventura). The knowledge
from this research could be applied to other geographical areas of the world that have similar
conditions, namely a shortage of water and plentiful renewable energy sources.

Keywords: renewable energy; hybrid system; desalination; residential house; Canary Islands

1. Introduction

The Canary Islands are located in the north Atlantic Ocean, northwest of Morocco, Africa. The
archipelago is made up of eight main islands: four western ones, El Hierro, La Gomera, Tenerife and
La Palma, and four eastern ones, La Graciosa, Fuerteventura, Lanzarote and Gran Canaria (see Figure
1). The stable population on the eight islands exceeds 2 million people. These volcanic islands are
very popular, receiving an average of more than 12 million tourists a year (more than 15 million in
2024, a record) [1]. This demographic fluctuation would be a problem anywhere in the world, but
particularly on small and isolated islands with limited food, energy, water and other resources.

On the Canary Islands, energy and water are a challenge, especially on the eastern islands, with
the islands of Gran Canaria, Fuerteventura and Lanzarote receiving over 50%, 86% and 99%
respectively of their water from desalination plants. Obviously, the only way to meet water needs is
through the use of efficient reverse osmosis (RO) desalination systems [2-4], which consume between
5% and 10% of all the electricity generated on the islands (6.6% on Fuerteventura and 10% on
Lanzarote of the total energy generated on these islands) [3-5]. This not only places a high strain on
the electrical grid, but also on the environment due to the greenhouse gases produced by burning
fossil fuels.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 1. Map of the Canary Islands. Location of the meteorological stations selected for the study

The energy system of the archipelago is isolated, with no connections to any continental system,
and connections between the islands are very limited due to the depth of the surrounding water.
More than 98% of the energy that the Canary Islands need comes from fuels purchased on the
international market [3-6]. Having analyzed all this information, it is easy to conclude that the eastern
Canary Islands are the most affected by the shortage of water and electricity necessary for their
survival.

Therefore, renewable energies in an isolated system or coupled to the energy grid can be used
on these islands to reduce the dependency of fossil fuels and avoid their polluting emissions [7,8].
Given these problems, the main objective of this research is to propose the appropriate hybrid
renewable energy system (HRES) to cover the energy loads of isolated residential homes, including
the production of fresh water with a small reverse osmosis (RO) desalination plant, on the Canary
Islands, from a technical-economic standpoint. Renewable energy sources in the region are taken into
consideration. Knowledge from this study could be transferred to other regions with similar
conditions to those studied.

The tool used to develop this study is the HOMER computer software, version 2.75 [9]. The main
input data in the study were: the electrical needs of an isolated family home near the coast (including
a small reverse osmosis plant), the technical specifications of all the systems, and the renewable
energy sources (RES), such as solar radiation and wind speed, on the eastern islands. HOMER models
the HRES and proposes the most convenient one, using “load-following” dispatch strategies, where
the electric generator (if necessary) only produces the energy needed to cover the electricity load, not
to charge the batteries [10].

The HOMER software is an interesting tool that has been used by various researchers around
the world, such as to simulate the optimization of different renewable energy systems for insertion
into the energy grid of certain regions, isolated islands or countries [11-13]. HOMER has also been
used in many cases to identified the best HRES to supply energy in a village [14], health clinic [15],
hotels [16], desalination systems [2,4,8] and isolated houses too [17].

This paper is structured into four sections. The introduction section has provided an overview
of the topic. Section 2 presents the materials and methods proposed in this research and lists the main
techno-economic input variables for the simulation. The results and a discussion are given in Section
3. Finally, the most relevant conclusions of the research are discussed in Section 4.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202507.2341.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 July 2025 d0i:10.20944/preprints202507.2341.v1

3 of 12

2. Materials and Methods

After evaluating different factors such as water scarcity, renewable energy sources, renewable
energy policies, electrical system, etc., throughout the Canarian archipelago, this study focuses on
the main eastern islands (Gran Canaria, Lanzarote and Fuerteventura).

Once the eastern islands were selected as the most suitable for the study, the research sites were
designated, all of them on the east coast of the islands, near the sea. These locations were selected
due to the accessibility of information from different meteorological stations at the airports of Gran
Canaria, Lanzarote and Fuerteventura, see Figure 1.

2.1. Technical variables input to the HOMER software

The main goal of this software is to support the design and application of any HRES. The basis
of the HOMER software is modeling and optimization based on the general cost of any installation,
also taking into account the operational cost of any HRES during the operational life of the
installation. All the analysis is based on techno-economic benefits [10].

The proposed HRES for the simulation are shown in Figure 2. The simulated systems and
devices proposed include photovoltaic (PV) panels, different wind generators, battery banks and
diesel generators. The system will cover the electrical demand of an isolated house with a small RO
desalination system. The total system is assumed to be disconnected from the electrical system.

at
Residential
Home
A + nd
N -] Desalination
Wind PV
Generator System
E—r A &)
Diesel Converter Battery
generator
AC DC

Figure 2. HOMER software model.

2.1.2. Electrical loads

To carry out this study, a total electrical load of around 32 kWh/day was considered. Figure 3
shows the yearly distribution of the possible electrical energy spent, the typical consumption and the
monthly high and low in the isolated home. The average electrical demand can be 1.34 kW, which
can increase to 2.04 kW during peak hours.
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Figure 3. Annual distribution of electrical energy in the isolated home.
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Table 1 shows the suggested electrical loads based on the possible normal electrical consumption
of a family house. This proposal takes into consideration different household appliances such as:
washing machine, lights, laptops, televisions, refrigerators, fans, microwaves and other loads [17].

A small RO desalination system was also considered, with a daily fresh water production of up
to 1.0 m3. The energy requirements assumed for the production of water for this reverse osmosis
desalination plant were 5.0 kWh/m?. This value was set high because small desalination plants are
more inefficient than industrial desalination plants, where the approximate electrical energy required
to produce fresh water is less than 3.5 kWh/m? [2,4,18].

Table 1. Daily electricity consumption of a residential house with a standard number of appliances.

Device Number of Power Daily Daily electrical
devices (W) operation consumption
time (h/day) (kWh/ day)
Indoor lighting 10 12 10 1.200
Outdoor lighting 6 24 8 1.152
Ceiling fan 2 55 10 1.100
Table fan 3 40 10 1.200
Refrigerator 1 300 24 7.200
TV 2 200 6 2.400
Microwaves 1 700 1 0.700
Electric cooktop 1 4000 2 8.000
Washing machine 1 1500 1 1.500
Other loads - 1000 1 1.000
Desalination 1 210 24
plant 5.040
Total 27 7831 30.492

2.1.3. Solar radiation

The HOMER software receives monthly solar radiation data from NASA. Table 2 shows the
latitude and longitude of the meteorological stations used in the study, on the islands of Gran
Canaria, Fuerteventura and Lanzarote. Graham's algorithm is the mathematical tool used by the
computational software to process solar radiation [2,4,19].

Table 2. Coordinates of the Meteorological stations on the three eastern islands.

Meteorological Coordinates Altitude (m)
Station (Latitude and Longitude) (Above mean sea level)
Latitude: 27°55' 21" N
Gran Canaria 24

Longitude: 15° 23' 22" W
Latitude: 28° 26' 41" N

Fuerteventura 25
Longitude: 13° 51' 47" W
Latitude: 28°57' 7" N

Lanzarote 14
Longitude: 13°36' 1" W

The monthly average solar radiation readings during one year at the coordinates of the stations

on the eastern islands are shown in Figs. 4 to 6. The daily average radiation is around 4.96 kWh/m?
on Gran Canaria and Fuerteventura, and 4.86 kWh/m? on Lanzarote, the easternmost island.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 4. Annual solar radiation on Lanzarote.
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Figure 5. Annual solar radiation on Fuerteventura.
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Figure 6. Annual solar radiation on Gran Canaria.

2.1.4. Wind Speeds

The monthly average wind speed data were taken from the three meteorological stations located
at each island’s main airport. Figure 1 and Table 2 show the location of each station on the three
easternmost Islands of the archipelago. Wind speed data at an elevation 10 meters above the ground
have been recorded annually at these three stations for more than 40 years. The yearly average wind
speed on Lanzarote is 6.28 m/s, on Fuerteventura it is 5.82 m/s and on Gran Canaria it is 7.0 m/s,
which can be considered high. Weibull distributions of wind velocity for the three stations are given
in Figs 7-9.
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Figure 7. Weibull distribution of annual wind speeds (m/s) on Lanzarote.
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Figure 9. Weibull distribution of annual wind speeds (m/s) on Gran Canaria.

Weibull probability density functions (equations 1,2) are the methodology used by HOMER to
perform the simulations [2,4,8].

A= ()0 e ()]

where, k can be defined as the shape factor, and ¢ as the scale factor.

2.1.5. Wind Turbine System

To model the behavior of the wind turbines, the standard method is used, which relies on

transforming the kinetic energy from the wind into electrical energy using the particular power curve
of each wind turbine [20].

The wind energy density per unit area (P/A) can be calculated with equation 2.

P 1 R
S=—pv 2
Equation 3 is the expression used by HOMER to calculate the wind energy production
per year (Pwind).
1 J 3
Pwind_ET'p'Cp'A'Zx=1f(v)'vx (3)

where 7 is the time frame (one year), Cp is the capacity factor of each wind generator, v is the wind
speed, f(v) is the Weibull distribution and j is the class number of the data [2,4,8,20].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 10 displays the power curves of the three wind turbines (WT) designated for the study,
with nominal powers of 1.0 kW, 1.9 kW and 3.0 kW. Table 3 shows the characteristics of the proposed
wind turbines. The primary economic data for the WT and PV systems are shown in Table 4. The

small wind turbine models suggested could be acquired in the Canarian market and are included in
the HOMER database.

Table 3. Commercial characteristics of wind generators. Source [21-23].

Technical parameter SW 200 E30pro SW500
Rotor diameter (m) 2.7 3.8 45
Nominal Power (kW) 1.0 1.9 3.0
Hub height (m) 10 13 13
Cut-in wind speed (m/s) 3.1 1.8 34
Cut-out wind speed (m/s) 55 60 55
WIND GENERATORS
3500
= 3000
=
= 2500 —e—5W/ 200
2 2000 —e—E30pro
03 1500 —e—SW500
o 1000
E 500
o
0
- 50 10,0 15,0 20,0 25,0 30,0
Wind Speed (m/s)

Figure 10. Power curves of the small wind generator. Source [21-23].

2.1.6. PV System

Table 4 displays the cost of the PV panels used in the study. The study assumes a useful life of
the PV panel of 20 years. The HOMER software does not consider variables such as temperature and
voltage during operation when modeling the photovoltaic (PV) system [10].

The electrical energy produced (Prv) by the PV panels is computed using Equation 4
It
Poy = fpy " Ypy (Z) 4)

where fev is the debating factor, Yrv is the total installed capacity of the PV panel arrangement
(kW), Ir is the incident global radiation (kW/m?) and I; is the amount of radiation used to rate the
capacity of the PV panel arrangement, equal to 1.0 kW/m?2 [10].

Table 4. Economic data input for HRES.

I. Capital Replacement O&M
Element Size Lifetime
Cost(ICC)$  Cost (RO)$ Cost ($)
PV panels 2,500 $/kW 0.015*ICCP 20 years
0-50 kW 2,500 $/kW v
WT- 1.0 kW 6000 $/unit 3700 $/unit
Wind 0.025*ICC
WT-2.5 kW 14,900 $/unit 11,000 $/unit 20 years
Turbines Wind

WT-3.0 kW 14,900 $/unit 11,000 $/unit

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Batteries
(0-32) batt. 350 $/unit 350 $/unit 8.00 $/year 10 years
(360 Ah/6V)
Generator 0-5.0 kW 700 $/kW 700 $/kW 0.40 $/hour 15,000 h
Converter 0-5.0 kW 1000 $/kW 1000 $/kW 50 $/year 20 years

2.1.7. Generator

The generator assumed in the study is a diesel motor connected to an electric generator. The
HOMER software, version 2.75, allows modeling numerous types of electrical generators, from the
simplest, like the system used in the study (generator + internal combustion engine (diesel or Otto)),
to the most complex, like fuel cells, gas turbines, and others. The fuel price assumed in the research
is $0.90/liter. The main generator parameter considered is the power capacity, which can fluctuate
between 0 and 5.0 kW, see Table 4. The generator only produces energy if the isolated house demands
load; it will never start to charge the batteries [4,10,24].

2.1.8. Converter

The main purpose of a converter is to change electricity from direct current (DC) to alternating
current (AC), or to change the voltage or frequency. Table 4 shows the economic properties of the
converters proposed, with the equipment operating in the range of 0 to 5.0 kW, with a possible useful
life of 20 years and an efficiency of 90% [4,10,24].

2.1.9. Battery bank

HOMER models the battery as a device that can accumulate a quantity of direct current (DC).
Based on the number of battery charge and discharge cycles, the software can determine when the
battery needs to be replaced [4, 10, 24]. In this study, the batteries assumed are commercial lead-acid
models, with 360 Ah, 6.0 V and 1075 kWh. Table 4 shows the economic characteristics of the proposed
batteries. The number of batteries in the simulated battery bank can range from 0 to 32 units.

2.2 Economic analysis

The electrical systems of any country are based on conventional energy systems (thermal power
plants), which burn fossil fuels. This happens because these systems have a relatively lower initial
capital cost compared to any RES. However, it is important to note that operating costs in RES-based
plants are lower. As mentioned above, one of HOMER's main advantages is the optimization of
energy processes, where the software establishes a comparison between RES or HRES and
conventional energy systems to recommend the most economically viable system [4, 24].

In their research, Avila et al. [2, 8], Padrén et al. [4] and Hina and Palanisamy [24] present the
bases of the economic analysis carried out by HOMER. This economic analysis uses an economic tool
known as “Levelized Cost of Energy” (COE), which calculates the average (cost/kWh) of the electrical
energy produced by any type of system. The system also implements the “Total Net Present Cost”
(NPC) (%), which is capable of calculating the cost of installing the energy system and its operation.
All the methodology and economic equations involved can be found in the papers mentioned at the
beginning of this paragraph.

3. Results and Discussion

The main problem when designing and proposing any HRES is defining its elements and the
size of each, which is restricted by the renewable energy sources in the area where the system will be
installed.

The HOMER software, version 2.75, is an exceptional tool for simulating numerous HRES
arrangements, allowing the user to identify viable proposals and discard those that are infeasible.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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The technical-economic simulation output by the software and its results are presented below.
For the simulation, the assumed electrical energy cost from RES is $0.15/kWh. The total electrical load
assumed in the simulation is 32 kWh/day, which provides a margin of 5.0% over the estimated actual
need. This energy can cover the needs of an isolated house, with its basic appliances and an RO
desalination plant that produces 1.0 m? of water per day.

3.1. Optimization results on Lanzarote, Fuerteventura and Gran Canaria

Tables 5 and 6 show the result proposed by HOMER after modeling the techno-economic
variables with HRES based on photovoltaic-wind-diesel generator systems working in isolated
conditions, to supply energy to a family home, with an RO plant included in the proposal, on the
islands of Gran Canaria, Fuerteventura and Lanzarote.

Table 5. Technical results.

WT(number), Battery  Converter Diesel GEN
Island PV (kW) DG(kW)
(Type) (number) (kW) M (hrs)
Lanzarote 0 1 - (E30pro) 8 2 1 8 24
Fuerteventura 0 1 - (E30pro) 8 2 1 18 57
Gran Canaria 0 1 - (E30pro) 8 2 1 23 71

Table 6. Economic results.

Initial Operating Total
Island . COE ($/kWh)
Capital ($) Cost ($/year) NPC (9)
Lanzarote 20,400 830 29,993 0.223
Fuerteventura 20,400 869 30,372 0.227
Gran Canaria 20,400 843 30,073 0.225

Table 5 shows the technical analyses carried out by HOMER, where the system allows the
simulation and optimization of all possible HRES to supply energy to the isolated house + RO
desalination plant, based on the renewable resources of each island analyzed.

The optimal HRES in all cases (Gran Canaria, Fuerteventura and Lanzarote) was the system
composed of an E30pro wind turbine (WT), eight batteries, a 2.0 kW converter and a small diesel
generator (DG) with a nominal power of 1.0 kW. The penetration of renewable energies in each of
the cases analyzed is greater than 99%. The DG is only used in exceptional situations when the HRES
and batteries cannot meet the demand, fewer than three days a year in all cases. The DG will never
be used to charge the batteries; it will only run to meet the load demand.

Table 6 shows an initial capital cost of $20,400, which is the same for all probable HRES that can
cover the energy needs of an isolated home with a desalination plant. The COE for the different HRES
proposed is between 0.223 and 0.227 $/kWh, with only a small difference between them, with the
renewable energy conditions on Lanzarote being those that allow the lowest cost/kWh.

3.2. Pollution Avoided

This section shows in Table 7, the total emissions of polluting gases in kg/year that can be
avoided with the HRES proposed for isolated homes + RO desalination plant for each of the islands.
The main gas emissions considered in the study were carbon dioxide (CO2), nitrogen oxides (NOx)
and sulfur dioxide (SO2).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Table 7. Pollutants avoided by the HRES.
Emissions Emissions Emissions
Proposed avoided avoided avoided
Pollutant
HRES Lanzarote Fuerteventura  Gran Canaria
(kg/year) (kg/year) (kg/year)
1 WT_E30pro CO: 7244 7214 7204
8 batteries SO; 15 14.5 14.5
1 converter (2.0 kW)
NOx 160 159 159

1 D. generator (1.0 kW)

When the result of Table 7 is analyzed, it can be concluded that the HRES proposed for each of
the cases can avoid the emission of more than 7200 kg/year of COz, more than 14.5 kg/year of SO2and
around 159 kg/year of NOx. The HRES with the least emissions is the system proposed for Lanzarote.
This system only requires operating the diesel generator 24 hours/year, with emissions of 19.9 kg/year
of COz, 0.44 kg/year of NOx and 0.04 kg/year of SO2. This is due to the good renewable energy
resources on the island.

4. Results and Discussion

Having completed the study, different conclusions can be drawn from the proposal to install
HRES to supply electricity to a family home with a reverse osmosis seawater desalination plant, all
of them based on a technical-economic analysis.

The technical and economic analyses carried out on the islands of Lanzarote, Fuerteventura and
Gran Canarias, based on the coordinates of the three meteorological stations located at the islands'
airports, can be considered successful. The simulation and optimization of the system concludes that
the ideal HRES to install on any of the three eastern islands is the system with an E30pro WT, eight
batteries, a 2.0 kW converter and a small 1.0 kW DG. The penetration of renewable energies in all the
cases analyzed is greater than 99%. The COEs for all the HRES are less than 0.227 $/kWh in the three
cases analyzed. This may seem very expensive compared to the price of electricity from the electrical
grid, but in many cases they are offset by the high cost of having to route electrical wiring to homes
isolated from the grid.

Each and every one of the systems proposed for each island can avoid the emission of polluting
gases; namely, more than 7,200 kg/year of CO2, more than 14.5 kg/year of SO2 and around 159 kg
/year of NOx.
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