
����������
�������

Citation: Rodríguez-Pérez, M.L.;

Mendieta-Pino, C.A.; Ramos-Martín,

A.; León-Zerpa, F.A.; Déniz-Quintana,

F.A. Inventory of

Water–Energy–Waste Resources in

Rural Houses in Gran Canaria Island:

Application and Potential of

Renewable Resources and Mitigation

of Carbon Footprint and GHG. Water

2022, 14, 1197. https://doi.org/

10.3390/w14081197

Academic Editor: Carmen Teodosiu

Received: 8 March 2022

Accepted: 7 April 2022

Published: 8 April 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

water

Article

Inventory of Water–Energy–Waste Resources in Rural Houses in
Gran Canaria Island: Application and Potential of Renewable
Resources and Mitigation of Carbon Footprint and GHG
Melania L. Rodríguez-Pérez 1 , Carlos A. Mendieta-Pino 1,2 , Alejandro Ramos-Martín 1 ,
Federico A. León-Zerpa 1,2,* and Fabián A. Déniz-Quintana 3

1 Department of Process Engineering, University of Las Palmas de Gran Canaria (ULPGC),
35214 Las Palmas de Gran Canaria, Spain; melania.rodriguez103@alu.ulpgc.es (M.L.R.-P.);
carlos.mendieta@ulpgc.es (C.A.M.-P.); alejandro.ramos@ulpgc.es (A.R.-M.)

2 Institute for Environmental Studies and Natural Resources (i-UNAT), University of Las Palmas de Gran
Canaria (ULPGC), 35214 Las Palmas de Gran Canaria, Spain

3 Department of Electrics Engineering, University of Las Palmas de Gran Canaria (ULPGC),
35214 Las Palmas de Gran Canaria, Spain; fabian.deniz@ulpgc.es

* Correspondence: federico.leon@ulpgc.es

Abstract: The potential application of renewable energies is diverse, and they have demonstrated
their suitability in their application to the size and operation of activities. Rural tourism is one of
the products with the greatest potential for growth within the tourist offer of the island of Gran
Canaria, as it combines sustainable development and respect for the natural environment. Among
the renewable energies with high applicability in rural environments, we highlight photovoltaic solar,
low-temperature solar thermal and the methanation of waste and wastewater generated in tourism.
This article shows a methodology adapted and developed for the study of the water-energy-waste
nexus, considering parameters of waste generation, water and energy consumption, the occupied
area and potential renewable energy generation in rural houses in Gran Canaria and evaluates their
environmental profitability. It has been concluded that applying these renewable technologies can
significantly reduce the carbon and ecological footprint of the activity of rural houses based on the
available surface. This contributes to achieving the energy and environmental objectives proposed by
the EU to achieve decarbonization by 2050.

Keywords: water–energy–waste; carbon footprint; ecological footprint; GHG; rural tourism

1. Introduction

Geographic overview. The island of Gran Canaria, with an area of 1560.1 km2, is the
third largest island and forms together with the rest of the Canary Islands and the archipela-
gos of the Azores, Madeira, Cape Verde and Salvajes, called Macaronesian biogeographical
region. It is also one of the most densely populated of the Canary Islands with 851,231
inhabitants and a population density of 545.6 inhabitants km−2 (2019), housing 39.53% of
the population of the archipelago, in a territory that represents 20.82% of the total. The
island has a rugged and complex topography, with the highest point, located in the central
area, being 1949 m high.

Gran Canaria possesses variety, richness, and uniqueness, both in ecological terms,
i.e., in terms of botanical and faunal species, diversity of climates, habitats and biotypes,
and in geographical and geological terms, due to the multitude of existing forms of relief.
This fact means that approximately 50% of its territory are protected areas as can be seen in
Figure 1. The tourist activity has been organized around two axes, the southeastern coastal
strip and the midlands and summits, by means of accommodation apartments-hotels and
rural houses, respectively. Different publications have studied the application of renewable
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energy sources (RES) in isolated areas where the supply of energy from the main grid can
be a challenge [1–3].
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Figure 1. Location of the rural houses (in red), protected natural areas, and Biosphere Reserve of
Gran Canaria [4].

Tourism overview. In 2019, Gran Canaria received 4,267,384 tourists (28.24% of the
total of the Canary Islands), with an average stay of 7.34 days, having 29,597,873 overnight
stays and the tourism sector representing 35% of the local GDP [5]. Tourism in the Canary
Islands develops from the late nineteenth century, having a high growth in the second
half of the twentieth century, with the mass tourism of sun and beach and covering the
tourist season throughout the year. Since the end of the twentieth century, there has been a
change in the demand for tourist services and products and rural tourism have come to
signify a return to the land of urban societies and as an alternative to traditional sun and
beach tourism [6].

Within tourism, rural tourism is becoming increasingly important. In the last two
decades, it has grown in many regions all over the world. The term “rural tourism” has
been defined in various ways, it varies from country to country and that is why the
European Union (EU) adopted this definition for “tourism in areas with low population
density, rural areas and villages” [7,8]. The growth of rural tourism is partly given by
a population increasingly concerned about the environment that tries to look for more
environmentally friendly alternatives and this type of tourism is presented as an alternative
to the current mass tourism [9]. Dogan has studied the influence of the tourism sector on
CO2 emissions, GDP, and energy consumption in EU countries [10]. Furthermore, different
sources suggested to promote agrotourism as a tool to obtain a sustainable economic and
environmental development of rural areas [11–13].

Water and wastewater overview. A particular problem of tourism activity is the in-
crease in demand for water and the production of wastewater. Different studies have anal-
ysed the water needs linked to the tourism industry and the capacity of natural resources
to meet this demand, as well as the implementation of efficient water use practices [14,15].
According to the report [16], the total volume consumed on the island of Gran Canaria is
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492 L per capita per day to satisfy the uses corresponding to the development of all socio-
economic activities that take place on the island. Each activity is a determining factor that
conditions consumption, and that allows to delimit and classify the demands of nominal
and unitary form. The factors analyzed are the population with respect to domestic supply,
tourist overnight stays, about tourism, employees of the industrial sector in this sector, and
hectares of irrigation, as well as the heads of cattle in terms of agricultural consumption.
The analysis of these terms returns an average consumption in households of 182 L per
inhabitant/day, which represents 38% of total water consumption and 448 L for each place
occupied in the tourism sector.

Waste production overview. As for the generation of waste in Gran Canaria, according
to the study of composition and characterization of municipal solid waste of the Canary
Islands, [17] 532,507 t are produced annually, that is, approximately an annual per capita
generation of 615 kg where the organic fraction represents approximately 40% of the total
waste generation. With respect to the solid fraction, waste generation in the predominantly
rural autonomous communities does not differ significantly from that of the predominantly
urban communities; however, the Canary Islands show a higher rate of waste generation
mainly due to the impact of the tourist factor [18].

Energetic overview. For the island of Gran Canaria, the electricity coverage was
3,028,054 GWh from non-renewable sources (52.8% combined cycle, 40.7% steam turbines,
5.5% diesel groups and 1.0% gas turbines) and 553.88 GWh from renewable sources (90%
wind and 10% photovoltaic). Specifically, the island of Gran Canaria had 1220.53 MW
installed in 2019, divided into renewable (196.47 MW) and non-renewable (1024.06 MW)
source technologies. Within the non-renewables, we find technologies such as steam
turbines, gas turbines, diesel cycles and combined cycles. In the case of renewables, we find
mainly wind and photovoltaic. The participation of the different sources and technologies
in covering the demand for electrical energy mix in terms of gross energy is 34.4% for
groups with steam turbines, 44.6% for combined cycle groups, 4.6% for diesel groups, 0.9%
of gas turbine groups and 15.5% of renewable groups [19,20].

Carbon and Ecological Footprint Greenhouse Gas Emissions (GHG) from electric-
ity production overview. It is possible to call the carbon footprint as the totality of green-
house gases (GHG) emitted by direct or indirect effect of an individual, organization, event
or product where greenhouse gas emissions are expressed in kg equivalent of CO2. It is
also interesting to use the concept of ecological footprint, since it can give a better notion of
the situation, since it indicates the surface of the natural environment necessary to produce
the resources that a human population consumes and absorb the waste that it generates, it
is measured in hectares per year [21–23]. In order to meet the targets set by the European
Commission (EC) to achieve a competitive low-carbon economy by 2050 and the reduction
of GHG emissions by 55% by 2030 [24], the Regulation (EU) 2020/852 of the Parliament
European and Council of June 18, 2020, established a framework to facilitate sustainable
investments, whose purpose is to establish the criteria to determine if an economic activity
is considered environmentally sustainable [25]. The regulation establishes an emissions
threshold of 100 g CO2-eq/kWh for sectors classified as climate change mitigation activities.
Although the Platform on Sustainable Finance recommends raising the threshold between
100 g and 270 g CO2-eq/kWh as a transition to a substantial contribution, this can accelerate
investment and improve emissions performance [26].

To meet these objectives and improve the current energy and environmental situation,
the Canary Islands have drawn up an energy strategy with specific objectives for 2025
(Canary Islands Energy Strategy, EECan25) where the aim is to increase the share of
renewable energies in the final energy consumption of the 2% in 2015 to 15% in 2025 [27].
One of the basic principles of the EECan25 is to achieve the maximum penetration of
renewable energy sources to obtain electricity (RES-E) in Canary Islands, as a way that
is compatible with the preservation of the natural environment advocating sustainable
development, following the example of islands such as Ireland or Greece [28–31].
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The aim of this paper is to define a methodology to inventory in tourism rural envi-
ronments, including the available water, waste and removable resources and their carbon
footprint for the application of RES-E.

2. Materials and Methods

Model. For this article, we have developed a methodology adapted from that indicated
by [32] focused on tourist accommodation, in which a comprehensive methodology is
developed for the study of the water-energy-waste nexus, considering parameters of waste
generation (wastewater and urban solid waste), energy consumption (water, electricity,
domestic hot water), occupied area and renewable energy generation. A similar evaluation
is carried out by Karagiorgas et al. where a sample of 200 hotels is taken to implement five
types of renewable energies (solar thermal, passive solar, solar photovoltaic, biomass and
geothermal) in different regions of the EU, evaluating the results obtained in the technical-
economic field [33]. Additionally developed by Cadarso et al. is a methodology based
on an input–output life cycle assessment model (LCA-IO) applied to the Spanish tourism
sector for the period 1995–2007 [34]. Analysed by Filimonau et al. [35] is the potential of Life
Cycle Assessment (LCA) used for the environmental assessment of tourist accommodation
facilities and its contribution to the global carbon footprint.

A methodology is developed by means of an integral model, Figure 2, for the energetic
and environmental evaluation of rural hotel facilities in Gran Canaria, also considering the
mitigation parameters of greenhouse gases [13]. With the aim of reducing the energy con-
sumption of the facilities, the carbon footprint and the ecological footprint, from the control
of waste management and consumption of electricity, hot water (DHW) and occupied area.
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Carbon Footprint and Ecological Footprints Methods.
Electricity generation systems in the Canary Islands in general and specially in Gran

Canaria have a high emission of greenhouse gas emissions (GHG) compared to continen-
tal systems due to the energy mix used with a high dependence on fossil fuels. In the
Canary Islands, the mix of production technologies generated in 2019, 5,454,909 tCO2-eq

(2,063,910 tCO2-eq for Gran Canaria), and the average emission is 0.652 tCO2-eq MWh−1,
corresponding with the island of Gran Canaria’s of 0.637 tCO2–eq MWh−1 as opposed to
continental Spain’s of 0.190 tCO2–eq MWh−1 [20]. The average emission in the Canary Is-
lands in 2009 was 0.802 tCO2–eq MWh−1 and for Gran Canaria it was 0.789 tCO2–eq MWh−1.
Tourism contributes significantly to GHG emissions with energy-intensive activities such
as accommodation (heating, air conditioning, restaurants, laundries, pools, . . . ) that must
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be taken into consideration [36–40]. We used Equation (1) to calculate CF takin into account
the emission factor and the energy consumed.

EmF · energy consumed = CF (1)

where, EmF (Emission Factor), identifies the CO2 emissions, these are calculated from
emission factors expressed in kgCO2 per kWh of electricity produced, grouped according
to generation technologies (CF: carbon footprint). These emission factors make it possible
to obtain the total tons of CO2 emitted by a generator or group by multiplying the emission
factor assigned by the energy produced (kWh) by the generator or group [20]. In this
way, we can calculate the total CO2 emissions associated with electricity generation in the
electricity system from non-renewable sources as described in the paper by Leon et al. [32]
(Equation (2)).

MF = MFde + MFtg + MFgt + MFst + MFcc (2)

where, MF: emission factor of the electricity mix (kgCO2 kWh−1), MFde: diesel engine mix
factor (kgCO2 kWh−1), MFgt: gas turbine mix factor (kgCO2 kWh−1), MFst: steam turbine
mix factor (kgCO2 kWh−1), MFcc: combined cycle mix factor (kgCO2 kWh−1).

With Equation (3), it is possible to calculate the carbon footprint of the CFMIX energy
mix (kgCO2) as the sum of the energies of each technology by its emission factor:

CFMIX = Σ Ei MFi (3)

Once the above parameters have been obtained, the calculation of the ecological
footprint (EF) is developed from Equation (4):

EF = CFa/2 = CFd · 365 days/2 (4)

where CFa: carbon footprint (tCO2 year−1); CFd: carbon footprint (tCO2 day−1); EF:
ecological footprint (ha year−1).

In this study, the amount of waste generated by the tourist exploitation of rural houses
has been analysed. The average consumption of electricity and consumption of domestic
hot water for the activity of a rural house and the area available to carry out said activity.

Waste production (USW and wastewater) and water consumption. The amount of
waste generated USW (urban solid waste), by each accommodation unit will be obtained
because of a study in which the generation of waste per inhabitant in Spain is determined
by the autonomous community, also indicating the rurality index that each community
represents. With respect to the solid fraction, waste generation in the predominantly rural
autonomous communities does not differ significantly from that of the predominantly
urban communities. The Canary Islands show a higher rate of waste generation mainly
due to the impact of the tourist factor. For this article, we have chosen to take 1.81 kg
inhabitant−1 day-1 for the number of available places in each rural house, which is higher
than 1.35 kg inhabitant−1 day-1 in predominantly rural environments. It uses the expression
in Equation (5) to calculate waste production by kg day-1.

Waste
[
kg day−1]= bed [inhabitant]·1.81 [kg inhab−1day

]
(5)

The composition of this waste is diverse, so it cannot be used in its entirety for
methanization. The amount of organic waste of domestic origin generated by an average
citizen varies according to the study, which means that in rural or quasi-rural municipalities,
compared to urban municipalities, the percentage can vary considerably. In different
studies, it has been determined that this percentage is usually between 40–45% of the
total domestic waste generated [18,41,42]. For our study, we have chosen to use the value
indicated by the National Integrated Waste Plan of 44%.

Regarding the liquid fraction, in addition to the solid waste generated because of the
tourist exploitation of the rural houses, a biodegradable liquid fraction or wastewater will
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also be generated. The determination of the flows of wastewater to be eliminated from
a given population is essential for designing the appropriate facilities for its collection,
treatment and disposal. It is thus necessary to know the flows to be treated. Average
household water consumption in Spain was 133 L inhabitant−1 day−1 in 2018, which was
a reduction of 2.2% with respect to that recorded in 2016 [43]. This average consumption
is calculated by the quotient between the total volume of water recorded and distributed
to households and the population. However, a higher average water consumption was
recorded in the Canary Islands, reaching a value of 150 L inhabitant−1day−1. In this way, it
is possible to obtain the flow rate of each accommodation unit (Equation (6)).

Flow
[
L day−1]= bed [inhabitant] · 150 [L inhabitant−1day−1

]
(6)

About the characterization of wastewater, in the Canary Islands, values can be estab-
lished between 400 to 800 mg L−1 and taking an average value of 500 mg L−1 of Chemical
Oxygen Demand (COD) [44]. In addition, one of the most widely used concepts to char-
acterize the pollutant load of wastewater is the term inhabitant equivalent (Inhab.Eq.).
In populations where these are mostly made up of domestic wastewater, the number of
population-equivalents will be like the number of inhabitants of the population or agglom-
eration. This concept is very useful because it makes it possible to compare pollutant loads
regardless of the origin or nature of their wastewater [45,46]. The expression to calculate the
number of inhabitant-equivalents of each accommodation unit is as follows in Equation (7):

inhabitant − equivalents =
Flow

[
m3day−1

]
· COD

[
g O2 L−1

]
60
[
g O2 inhabitant−1day−1

] (7)

Domestic Hot Water consumption (DHW). The amount of energy consumed in extra-
hotel accommodation such as rural houses vary depending on the size, location and
number of occupants. The excellent climatic conditions of the island mean that energy
consumption for heating, air conditioning, etc., is lower than in other geographical areas
with a similar standard of living. It is estimated that a single-family dwelling in the
Canary Islands has an average consumption of 10.87 kWh day−1 [19] and the average
number of inhabitants according to the National Institute of Statistics in the Canary Islands
per dwelling is 2.60 inhabitants, which means an average consumption per inhabitant of
4.49 kWh d−1. Regarding DHW demand, and according to the Spanish Technical Building
Code (CTE) (Ministry of Development, 2019), it establishes a consumption in liters, at
60 ◦C person−1 d−1, tabulated according to the type and use of the building, taking 34 L
per person−1 d−1 (such as a two-star hotel ). In terms of energy (Equation (8)):

EDHW
[
J day−1

]
= DDHW ·ρwater·Cpwater·(TDHW − Tnet) (8)

where: EDHW is the Energy required for DHW (J day−1); DDHW is the DHW Demand
(L day−1); ρ water is the density of water = 1 kg m−3. Cpwater: heat capacity of water
= 4182 J kg−1 K−1. TDHW: DHW supply temperature, (ref. 60 ◦C). Tnet: supply water
network (◦C) (ref. 15 ◦C).

Waste potential. The potential of organic waste from wastewater and USW will be
evaluated (Equation (9)) from the amount of biogas generated from the solid and liquid
organic fraction by anaerobic digestion, where we can consider COD is a conservative
parameter, i.e., in an anaerobic digester:

COD influent = COD effluent + COD methane (9)

Therefore, and knowing that the biogas produced consists mainly of methane CH4
(65%) and CO2 (35%) and that the COD of CO2 is zero, it would result that (Equation (10)):

COD methane = COD removed = 2.857
[
kg COD m−3 CH4

]
(10)
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For every 100 kg of COD that is removed in the digestion process, the following is
produced 35 m3 of CH4 is produced under normal conditions of pressure and tempera-
ture [47,48]. In this way, it is possible to obtain the number of cubic meters of biogas per
day that is produced in each accommodation unit, both from the solid and liquid organic
fraction, we have used Equation (11) to calculate it.

Biogas
[
m3day−1

]
=

COD
[
kg day−1

]
·35 m3 CH4

100 [kg COD]
(11)

Applying the typical lower calorific value (LCV) of biogas of 6 kWh m−3 [49] the
amount of energy produced from the organic waste generated from the cottage is calculated
(Equation (12)).

Energy produced
[
kWh day−1

]
= biogas

[
m3day−1]×LCV[kWh m−3

]
(12)

Electricity consumption. The total energy consumed in a rural house depends on the
renewable and non-renewable energy of the electricity system and the local renewable
energy produced by itself, and we will define it as kWh square−2 d−1. The Equation (13)
that represents it is the following, which has been expressed by Leon et al. [32]:

ETC = ERn + ENRn + ELR (13)

where, ETc: total energy consumed from the system (kWh); ERn: renewable energy from the
grid (kWh); ENRn: non-renewable energy from the grid (kWh) and ELR: local renewable
energy (kWh).

Depending on the origin, the power system energy mix could be non-renewable energy
(diesel engine, gas turbine, steam turbine and combined cycle), but also renewable, mainly
from wind and photovoltaic energies, where the carbon and ecological footprint vary.

Occupied surface area consumption. The surface area occupied will depend on the
urban planning regulations of the area, the distance to protected natural spaces and the
availability of land to be used for GHG mitigation facilities. The reduction of the carbon
footprint and GHGs is sought by using renewable energies (photovoltaic solar energy, low
temperature solar thermal energy, thermal energy/electricity from biogas, and the mix of
all energies. Therefore, the use of renewable energies is prioritized for the mitigation of the
carbon footprint and GHG.

In this way, considering an average surface for each type of panel and considering
that the available surface in each rural house will be a limiting factor when carrying out the
installation, the Equation (14) is available:

total area to use
(

m2
)
=

surface PV panel·number of PV panel + surface solar panel·number of solar panel
total area available

(14)

where, the number of photovoltaic panel (PV panel): surface PV panel (electric consump-
tion/sloped surface PV potential efficiency) and the number of solar panel: surface solar
panel (DHW consumption/sloped surface mean radiation efficiency). An average area of
1.94 m2 has been considered for photovoltaic panels and 1.2 m2 for solar thermal panels.
Efficiency is considered 80%.

With the data collected, the potential available from the waste generated by the tourist
exploitation of rural houses is analyzed. In addition, the photovoltaic potential, and the
wind potential available according to the geographical location of the houses have been
studied.

Solar potential. There are several indicators to measure the energy performance of an
installation, the most used are the load factor (LF) and the equivalent hours (EqH):

• Load factor (LF): The load factor or also called load factor is the ratio between the
actual energy produced in each period (preferably annual) and the energy generated
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if it had worked at full load during the same period. Typical values for the load factor
of a photovoltaic system range from 10 to 30%. The load factor is dimensionless and
is thus usually expressed as a percentage. This can be calculated by the following
expression (Equation (15)).

LF =
E

Pn × 8760∗
(15)

where, E: real energy obtained (Wh); Pn: nominal power (W); *8760 h of a calendar year
(for photovoltaic solar energy, 4380 h are considered as total hours of reference, equivalent
to 12 h a day).

• Equivalent hours (EqH): The term equivalent hours represent, in this case, the ratio
between the energy produced during the whole year and the total installed photo-
voltaic power of that year. This ratio is a function of the photovoltaic potential of the
area where the installation is located and the efficiency of its operation.

Wind potential. As in the case of photovoltaic installations, the most used indicators
to measure the performance of wind installations are the equivalent hours (EqH) and
the Load Factor (LF). Analyzing in greater detail the characteristics of the wind resource
available in each of the locations, the data shown in Table 1 are obtained, speed and Weibull
constants C and K. With these data, the Weibull distribution or probability density function
of the distribution of wind speed has been calculated to obtain the theoretical power density
of each housing unit [50]. A value of K close to 1 corresponds to a highly variable wind
regime, when it is around 2 the regime presents moderate changes, while values higher
than 3 correspond to more regular winds. On the other hand, a high C value means a
longer period of high-speed winds [51].

Table 1. Data by altitude of solar and wind potential.

Altitude (m)
Rural

Houses
Found

Total Beds
Average

Number of
Beds

% Wind Speed
(m s−1) Weibull

Power
Density
(W m−2)

400–600 13 93 7.15 16.67% 5.66 0.15 103.12
600–800 23 101 4.39 29.49% 4.39 0.20 48.28

800–1000 11 48 4.36 14.10% 5.07 0.16 66.73
1000–1200 19 98 5.16 24.36% 3.96 0.23 35.27
1200–1500 12 75 6.25 15.38% 3.75 0.24 29.81

Statistical analysis
To carry out the proposed calculations taking into account the starting data, different

statistical tools have been used. These statistical tools or methods are set out below.

- Interval data. For a better treatment of the data, it has been decided to group them
by intervals; the calculations made have been obtained as a result of the grouping by
number of beds in the rural houses. In addition, the rural houses have been classified
according to the altitude at which they were located, creating intervals from 400 m to
1500 m.

- Arithmetic average, maximum, minimum and standard deviation. Arithmetic mean
is the most widely used measure of a mean, or average, in our case study, it has been
used to define the average values of beds per rural house, average altitude of the
location of the rural houses studied, average consumption of water, DHW, electricity
and waste production. It has also been used to calculate the average solar radiation as
well as the available wind potential according to altitude. In addition, the maximum
and minimum values and the standard deviation of the EqH of operation of the solar
photovoltaic and wind installations have been calculated.

- Relative frequency. When making the calculations based on the grouping by the
number of places offered by accommodation, the relative frequency with which each
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grouping is obtained has been calculated, generating an idea of which are the most
representative groups of the total sample.

3. Results and Discussion

This methodology is proposed to be applied to the case of rural houses in Gran Canaria.
In 2020, the island has an offer of 183 rural houses with a total capacity of 1071 beds. For
this article is the area or region called “Medianías” covers a territory of 537.55 km2 (34.46%
of the island’s surface area) and 88.9% of its land is classified as rustic. Seventy-eight
rural houses will be analyzed out of 183 lodging units registered as rural houses on the
island. This represents 43% of the total number of registered rural houses and they are
located between 405.52 and 1530.93 m above sea level. These rural houses have an average
capacity of 5.32 beds and can have in their daily activity, an average consumption of
9.46 kWh d−1 for sanitary hot water (DHW) at 60 ◦C and an electrical consumption of
23.89 kWh d−1, on the other hand, they generate 13.14 kg d−1 of solid urban waste and
798.08 L d−1 of residual water. In absolute values, 78 rural houses represent 14.10 m3 of
DHW consumption, 1863 kWh d−1 of electricity consumption, 750 kg d−1 of MSW and
62.25 m3 d−1 of wastewater, as can be seen in Figure 1, and are mostly developed within
or bordering spaces with environmental and/or landscape protection characteristics and
usually in isolated environments.

Taking into account the previous energy consumptions and applying Equations (3)
and (4), for an MF in Gran Canaria of 0.6881 kgCO2 kWh−1, the following results are
obtained per rural house:

- An average consumption of 9.46 kWh d−1 for domestic hot water (DHW) at 60 ◦C
means a CF of 4.465 kgCO2 day−1 and an EF of 0.815 ha year−1;

- As for the average electricity consumption of 23.89 kWh d−1, this means a CF of
16.439 kgCO2 d−1 and an EF of 3.0 ha year−1;

- In total, the 78 rural houses account for around 1863 kWh d−1 of electricity consump-
tion, causing a CF of 1281.93 kgCO2 day−1 and an EF of 233.952 ha year−1.

According to this, the energy consumption is calculated for each cottage according
to its occupancy (DHW and electricity). The results are shown and compared with the
amount of energy available from biogas in Figures 3–5.
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Figure 5. Biogas generation per rural house.

Waste and wastewater potential (biogas). For our article, we have used the indicated
value of 44% [52]. Based on the amount of waste generated per inhabitant per day in the
Community of the Canary Islands of 1.81 kg and considering 44% (0.7964 kg) as the organic
fraction, the COD value for this amount of waste is 0.264 kg inhab−1d−1, thus obtaining
the COD characterization of each accommodation unit shown in Table 1. It is observed
that, because of the operation of a rural house, an average of 9.63 kg of waste is generated,
of which 4.24 kg are of organic origin and are characterized by a COD of 1.40 kg d−1. The
values obtained can change significantly depending on the composition of the organic
matter used, i.e., it will vary depending on the percentage of lipids, carbohydrates and
proteins contained in the waste.

From the data obtained, it can be concluded that the biogas production from the liquid
organic fraction is very small, with an average of 0.14 m3d−1 and would require a very
large digester volume to treat all the wastewater. This is because the volume of the digester
is equal to the hydraulic retention time which on average will be about 39 days because the
average temperature analyzed is 18.5 ◦C for the total volume of waste to be treated. The
production of biogas from solid organic waste is somewhat higher generating an average
of half a cubic meter of biogas per day.

Solar potential. The Canary Islands are in the climatic zone with more annual incident
radiation, within the five climatic zones in which Spain is divided [53]. The abundant
daylight hours of the archipelago allow the production of a solar panel installation in the
Canary Islands to be higher than in other areas. In Gran Canaria, in the period (2012 to
2018), the FC has had an average value of 32.49% ± 0.02, with maximum and minimum
values of 35.10% and 30.10%, respectively. It can be observed that the load factor of the
photovoltaic installations operating in Gran Canaria is higher than the typical values. This
makes the island an ideal place for the installation of this type of technology [19]. In the
period (2012 to 2018), the EF has had an average value of 1423.00 ± 72.02 h, with maximum
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and minimum values of 1536.00 and 1320.00 h, respectively [19]. With this, there is a
solar resource that allows photovoltaic installations to reach higher values of equivalent
operating hours than those registered in the rest of Spain.

For this article, we have used the data of photovoltaic potential, solar radiation and
temperature collected in GRAFCAN [4], and the results are shown in Figure 6, according to
the altitude of the rural houses.
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According to the collected data (Appendix A), the minimum value of radiation on
inclined surface and annual photovoltaic potential is recorded in the rural houses (ID.
21–22–23 and at 479.05 m average altitude) with 5037.3 Wh m−2 day−1 and 1278.5 kWh
kWp−1, respectively. On the other hand, the maximum value of radiation is recorded
in the rural house (ID. 72 and 1530.93 m average altitude) with 6031 Wh m−2 d−1 and
1557 kWh kWp−1 for the annual photovoltaic potential. The average radiation value of the
studied rural houses is 5640.08 Wh m−2 d−1 (inclined surface) and 1448.33 kWh kWp−1 for
the annual photovoltaic potential. As for the temperature, the minimum value recorded
in the rural houses is located in the rural house (ID. 48 and 1260.89 m average altitude),
with a value of 15.8 ◦C, and the maximum value is found in the rural house (ID. 26- and
507.60-m average altitude) with a temperature of 21.7 ◦C. The average temperature value is
18.5 ◦C. The rural houses (ID 32–52 and average altitude of 1015.71 m) would be the most
favorable for a solar–thermal–photovoltaic installation, since their radiation level is good,
while the temperature does not reach too-high values.

This makes the performance of the panels to be appropriate, since there will be no
problems of overheating of these, thus impairing the efficiency of the installation. On the
contrary, the rural houses (ID 18–31 and average altitude of 430.75 m), as shown in Figure 6,
would be the least appropriate because of the areas studied is the one that has less incident
radiation and a higher average temperature, which can lead to problems of overheating of
the panels, especially in the hottest months.

Wind potential. Wind energy is, of the renewable energies, the one that contributes
the most in the Canary Islands. This is thanks to the optimal wind conditions on the islands,
especially the trade winds, which are characterized by northeasterly winds, at constant
and medium–high speed. In Gran Canaria, the evolution of the load factor (LF) of the
wind farms connected to the grid, in the period (2012 to 2018), has had an average value of
32.65% ± 0.03, with maximum and minimum values of 37.33% and 28.50%, respectively.
As for the equivalent hours (EqH), there was an average annual value of 2859.57 ± 300.80,
with maximum and minimum values of 3270.00 and 2494.00, respectively, of the equivalent
hours of operation for the wind farms and wind turbines installed in Gran Canaria. The data
show that the municipality with the best wind potential by far would be the rural houses
(ID 1–7), with wind speeds of 6–7 m s−1 and a power density of more than 100 W m−2. The
other locations show wind speeds between 3 and 5 m s−1.
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For this article, the available wind resource has been studied according to the altitude
of the rural houses and is shown in Table 1, according to the data provided by GRAFCAN.
The locations of the homes under study are in areas of low wind potential and high
turbulence. In addition, if the location of the housing units is analyzed, most of them are in
protected natural areas, so the application of this type of technology would not be feasible.

Mitigation potential of carbon footprint and GHG in rural houses. In accordance
with the procedure followed in the previous section to obtain the carbon footprint and
the ecological footprint produced by the activity generated in a rural house, the following
results have been obtained in Figure 7.
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renewable energy of DHW and electric consumption and organic waste and wastewater production.

From the data obtained, CF of rural tourism represent approximately 15 tCO2-eq per
year, considering the consumption of DWH, electricity consumption and the generation
of waste and wastewater and an EF of approximately 7.5 ha year−1, and considering that
rural tourism is expanding, it is important to reduce its carbon and ecological footprint.
Furthermore, it has been observed that the generation of biogas would only cover 9% of
the total energy demand. If we transfer it to the reduction of the number of photovoltaic
panels needed, it is necessary to reduce the number of panels to be installed by 12%, so
the weight of this technology in terms of mitigating the carbon footprint and the ecological
footprint is not too relevant. Therefore, for the reduction of the carbon footprint and the
ecological footprint, only the installation of solar thermal panels to produce domestic hot
water and photovoltaic solar panels to produce electrical energy has been considered.

With this, it has been achieved that to fully cover the energy demand from renewable
energies and reduce the carbon footprint significantly of the rural houses with more than
four places, an available area of more than 30 m2 is needed. Therefore, and in view of the
results, it will be necessary to analyse for each rural house with the maximum percentage
that can be reduced the carbon footprint according to the available area in said house.

Our results are in line with those obtained by Fortuny et al. [12] where a complete
evaluation of the transformation towards sustainable tourism is presented, since in both
studies a methodology is presented for the reduction in environmental impacts associated
with tourism development in the island territories, focusing especially on areas such as
energy consumption, water and waste management. According to our study, it is proposed
to use more environmentally sustainable technological alternatives than the current ones
that take advantage of available local energy resources. In addition, the application of
internal management tools to minimize the resources consumed and the generation of
waste. As also mentioned above, the economic feasibility of implementing the selected
renewable technologies should also be studied.

The results obtained by Sun et al. [54] where the relationship between the contribution
of tourism in the economy and its impact on emissions is manifested, are consistent with
those obtained in this study. Taking as reference indicators similar to those used to carry
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out this analysis, such as gross domestic product, water consumption and waste generation
for the calculation of the carbon footprint. Unlike our study, they also consider the GHG
emissions produced by tourists outside the accommodation itself (arrivals and departures,
meals in restaurants, trips, etc.). Therefore, it would be of interest in the future to make a
similar comparison with the insularity conditions given in the present study.

Like our case study, the paper developed by Sun [55] indicates the impact that rural
tourism can have on an island territory, pointing out that this type of activity is generally
found in an isolated area, with a small scale of industrialization, natural resources limited
and a relatively small population. In this article they address the importance of the energy
dependency that exists in this type of territory, for which it is proposed to reduce said
dependency and thus reduce the carbon footprint of both tourists and energy imports,
resorting to more ecological alternatives for balance tourism. Carbon development and
mitigation such as the insertion of renewable energy sources.

In the paper by Díaz et al. [39], a comparison is made between the carbon footprint
of the hotels in the Canary Islands with respect to mainland Spain, although their results
applied to mass tourism located in hotels coincide with ours, showing that the consumption
of water and waste is greater in the archipelago than in the peninsula, as well as the GHG
emission factor. Therefore, his proposal, similar to the one developed in this work, tries to
reduce the carbon footprint to practically zero.

4. Conclusions

The following conclusions can be drawn from this article:

• The application potential of renewable energies is diverse and has proven the suitabil-
ity in their application to the size and operation in the activities;

• According to the results, we must work in the direction of reducing the carbon footprint
generated by rural tourism;

• Among the renewable energies with high applicability in rural environments, we
highlight the solar photovoltaic as low temperature thermal and methanization of
waste generated in tourism;

• It has been shown that the biogas obtained from the exploitation of rural houses
contributes just over 9% to cover the energy demand. Which makes it unattractive
for this type of tourist exploitation energetically speaking. Although other aspects
would have to be assessed, such as the lack of sewers that may exist in these locations,
which would make it essential to treat the waste generated before dumping it into the
environment;

• Although it has been shown that the available area in rural houses is one of the most
determining factors when carrying out an installation that implements renewable
energies (solar photovoltaic, solar thermal, biogas), there are other qualitative factors
that must be considered such as the location of the building (protected area that
hinders the realization of an installation), road access or non-existent sewers are other
factors to be considered;

• This article has discussed the impact that the implementation of renewable energies to
meet their energy demand would have on the carbon footprint and ecological footprint
of rural accommodation. It has been studied from the energy and envirornmental
point of view. It would be pending to carry out an analysis of the economic-financial
profitability for each type of technology.
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Appendix A

Table A1. General data of the rural houses studied.

Rural Houses Consumption Waste Generation Solar Potential Average Average Wind Potential (40 m)

ID. X (UTM) Y (UTM) Altitude
(m)

DHW
(kWh
day−1)

Electric
(kWh
day−1)

USW
Genera-
tion (kg
day−1)

Organic
Matter

Fraction
(kg

day−1)

Wastewater
Genera-

tion
(L day−1)

Total Year
(kWh/kWp)

Daily
Annual
Average

(kWh/kWp)

Average
Annual
Daytime
Tempera-

ture
(◦C)

Wind
Speed

(m s−1)

Constant
C

Constant
K Weibull

Power
Density
(W m−2)

1 436,243.62 3,100,296.40 1174.06 10.67 26.94 10.86 4.78 900.00 1531.30 4.20 18.80 6.22 6.76 2.3300 0.1354 124.13
2 436,859.20 3,099,594.93 1286.88 8.89 22.45 9.05 3.98 750.00 1394.90 3.80 18.70 7.04 7.62 2.2980 0.1182 177.87
3 436,609.27 3,099,484.28 1222.06 7.12 17.96 7.24 3.19 600.00 1504.80 4.10 18.80 6.58 7.11 2.2920 0.1263 144.96
4 437,326.85 3,100,363.21 1326.59 7.12 17.96 7.24 3.19 600.00 1539.50 4.20 18.70 6.89 7.49 2.3480 0.1231 169.96
5 437,341.17 3,100,339.35 1321.15 7.12 17.96 7.24 3.19 600.00 1539.50 4.20 18.70 6.89 7.49 2.3480 0.1231 169.96
6 436,861.59 3,099,746.73 1270.40 5.34 13.47 5.43 2.39 450.00 1407.20 3.90 18.70 6.62 7.17 2.3090 0.1263 148.55
7 436,596.74 3,099,495.83 1228.34 8.89 22.45 9.05 3.98 750.00 1504.80 4.10 18.80 6.55 7.09 2.2920 0.1267 142.89
8 444,506.28 3,084,447.51 607.07 5.34 13.47 5.43 2.39 450.00 1453.50 4.00 20.50 4.05 4.4 1.9970 0.1791 29.51
9 442,561.70 3,089,977.03 1032.09 10.67 26.94 10.86 4.78 900.00 1526.30 4.20 18.60 5,14 5.53 2.1170 0.1498 64.04
10 437,990.16 3,088,139.82 926.10 7.12 17.96 7.24 3.19 600.00 1537.30 4.20 19.40 3.56 3.83 1.8260 0.1871 18.41
11 445,497.20 3,089,951.30 844.47 10.67 26.94 10.86 4.78 900.00 1392.10 3.80 19.60 4.75 5.15 2.2370 0.1706 53.19
12 445,497.20 3,089,951.30 844.47 5.34 13.47 5.43 2.39 450.00 1392.10 3.80 19.60 4.75 5.15 2.2370 0.1706 53.19
13 443,893.08 3,088,881.86 827.11 8.89 22.45 9.05 3.98 750.00 1500.40 4.10 19.50 4.53 4.9 2.1260 0.1704 43.95
14 445,047.89 3,089,115.69 732.87 3.56 8.98 3.62 1.59 300.00 1480.80 4.10 19.80 4.75 5.16 2.1870 0.1668 52.00
15 444,775.89 3,088,843.69 700.26 5.34 13.47 5.43 2.39 450.00 1436.00 3.90 19.80 4,19 4.54 2.1640 0.1873 35.36
16 444,709.08 3,084,254.25 625.04 10.67 26.94 10.86 4.78 900.00 1455.30 4.00 20.50 3.97 4.32 2.0090 0.1836 27.94
17 444,365.50 3,084,903.23 602.76 14.23 35.92 14.48 6.37 1200.00 1436.50 3.90 20.40 3.96 4.3 1.9840 0.1820 27.41
18 450,912.64 31,017,250.61 430.75 14.23 35.92 14.48 6.37 1200.00 1344.50 3.70 20.20 4.30 5.52 2.5930 0.2201 46.08
19 448,679.36 3,099,912.26 659.92 10.67 26.94 10.86 4.78 900.00 1370.30 3.80 18.20 4.05 4.55 2.6120 0.2275 37.49
20 448,469.39 3,099,635.49 717.50 10.67 26.94 10.86 4.78 900.00 1406.80 3.90 18.60 3.66 4.13 2.6250 0.2522 27.71
21 451,934.14 3,101,318.95 478.50 10.67 26.94 10.86 4.78 900.00 1278.50 3.50 21.20 4.31 4.84 2.5990 0.2129 44.99
22 451,934.14 3,101,318.95 478.16 10.67 26.94 10.86 4.78 900.00 1278.50 3.50 21.20 4.31 4.84 2.5990 0.2129 44.99
23 451,933.84 3,101,304.48 480.49 10.67 26.94 10.86 4.78 900.00 1278.50 3.50 21.20 4.31 4.84 2.5990 0.2129 44.99
24 448,889.33 3,100,692.48 569.52 14.23 35.92 14.48 6.37 1200.00 1372.90 3.80 19.00 3.08 3.46 2.6120 0.2992 16.49
25 451,466.19 3,099,463.70 673.01 5.34 13.47 5.43 2.39 450.00 1367.20 3.70 20.30 4.47 4.95 2.5840 0.2060 50.37
26 450,884.01 3,101,057.53 507.60 7.12 17.96 7.24 3.19 600.00 1314.40 3.60 21.70 3.75 4.22 2.6130 0.2455 29.74
27 447,810.86 3,100,892.90 722.88 17.79 44.90 18.10 7.96 1500.00 1419.90 3.90 18.80 3.57 4.01 2.6070 0.2577 25.64
28 452,731.06 3,102,176.93 450.76 8.89 22.45 9.05 3.98 750.00 1328.20 3.60 20.00 4.86 5.46 2.5920 0.1883 64.33
29 448,903.64 3,100,792.69 626.57 3.56 8.98 3.62 1.59 300.00 1383.50 3.80 19.10 3.03 3.4 2.6150 0.3047 15.73
30 447,560.33 3101668.94 836.47 10.67 26.94 10.86 4.78 900.00 1427.90 3.90 18.90 4.43 5.01 2.6220 0.2078 49.01
31 452,840.51 3,101,181.60 505.33 10.67 26.94 10.86 4.78 900.00 1344.40 3.70 20.50 5.01 5.59 2.5780 0.1825 70.44
32 440,924.91 3,095,672.37 1131.60 10.67 26.94 10.86 4.78 900.00 1430.50 3.90 20,40 6.11 6.55 2.2780 0.1356 115.75
33 439,370.45 3,096,349.69 974.12 7.12 17.96 7.24 3.19 600.00 1481.00 4.10 17.60 4.51 4.8 2.1880 0.1768 44.83
34 438,791.85 3,094,499.21 1161.36 16.01 40.41 16.29 7.17 1350.00 1444.00 4.00 18.00 5.38 5.71 2.1610 0.1466 75.23
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Table A1. Cont.

Rural Houses Consumption Waste Generation Solar Potential Average Average Wind Potential (40 m)

ID. X (UTM) Y (UTM) Altitude
(m)

DHW
(kWh
day−1)

Electric
(kWh
day−1)

USW
Genera-
tion (kg
day−1)

Organic
Matter

Fraction
(kg

day−1)

Wastewater
Genera-

tion
(L day−1)

Total Year
(kWh/kWp)

Daily
Annual
Average

(kWh/kWp)

Average
Annual
Daytime
Tempera-

ture
(◦C)

Wind
Speed

(m s−1)

Constant
C

Constant
K Weibull

Power
Density
(W m−2)

35 439,431.29 3,096,851.49 1041.75 8.89 22.45 9.05 3.98 750.00 1505.30 4.10 17.50 5.50 5.87 2.2090 0.1463 82.00
36 439,444.11 3,096,852.98 1043.79 7.12 17.96 7.24 3.19 600.00 1505.30 4.10 17.50 5.50 5.87 2.2090 0.1463 82.00
37 439,438.45 3,096,852.39 1042.78 14.23 35.92 14.48 6.37 1200.00 1505.30 4.10 17.50 5.50 5.87 2.2090 0.1463 82.00
38 439,514.80 3,097,276.94 1069.42 10.67 26.94 10.86 4.78 900.00 1507.50 4.10 17.40 5.48 5.86 2.2310 0.1482 81.85
39 435,165.15 3,095,918.13 644.63 5.34 13.47 5.43 2.39 450.00 1502.60 4.10 19.00 4.50 4.84 2.1880 0.1767 44.39
40 440,656.49 3,096,932.76 1325.26 37.35 94.29 38.01 16.72 3150.00 1521.10 4.20 16.50 5.40 5.79 2.2600 0.1519 79.11
41 439,391.92 3,096,282.29 968.94 8.89 22.45 9.05 3.98 750.00 1484.30 4.10 17.50 4.28 4.56 2.1850 0.1861 38.25
42 438,980.34 3,094,377.38 1255.20 5.34 13.47 5.43 2.39 450.00 1440.10 3.90 17.90 5.47 5.81 2.1630 0.1443 79.12
43 440,915.37 3,095,591.25 1140.08 5.34 13.47 5.43 2.39 450.00 1464.20 4.00 16.10 4.15 4.43 2.2230 0.1951 35.44
44 439,037.60 3,097,386.70 1025.93 8.89 22.45 9.05 3.98 750.00 1489.40 4.14 17.70 5.71 6.1 2.2290 0.1421 92.54
45 435,243.74 3,095,802.33 651.69 5.34 13.47 5.43 2.39 450.00 1487.90 4.10 18.90 4.24 4.56 2.2187 0.1875 37.11
46 439,546.41 3,096,825.84 1055.47 7.12 17.96 7.24 3.19 600.00 1496.60 4.10 17.40 5.50 5.86 2.2110 0.1465 82.11
47 439,561.03 3,096,853.58 1055.43 8.89 22.45 9.05 3.98 750.00 1496.60 4.10 17.40 5.50 5.86 2.2110 0.1465 82.11
48 441,106.25 3,095,347.88 1260.89 10.67 26.94 10.86 4.78 900.00 1497.90 4.10 15.80 4.43 4.73 2.2310 0.1834 43.26
49 439,802.31 3,098,261.76 1166.42 8.89 22.45 9.05 3.98 750.00 1494.10 4.10 17.30 5.03 5.41 2.2980 0.1656 65.03
50 440,323.65 3,095,930.06 1015.04 8.89 22.45 9.05 3.98 750.00 1426.80 3.90 16.80 3.88 4.14 2.2030 0.2069 28.71
51 435,205.12 3,095,837.30 648.35 10.67 26.94 10.86 4.78 900.00 1474.90 4.00 19.00 4.55 4.89 2.1880 0.1748 45.90
52 435,247.77 3,095,802.93 651.69 5.34 13.47 5.43 2.39 450.00 1487.90 4.10 18.90 4.50 4.84 2.1880 0.1767 44.39
53 449,762.60 3,095,596.02 713.24 7.12 17.96 7.24 3.19 600.00 1465.20 4.00 18.40 3.84 4.18 2.6100 0.2444 32.55
54 451,237.13 3,095,371.74 585.44 37.35 94.29 38.01 16.72 3150.00 1427.00 3.90 19.10 4.35 4.74 2.5940 0.2144 47.01
55 450,716.99 3,096,340.44 543.54 8.89 22.45 9.05 3.98 750.00 1429.70 3.90 18.80 3.71 4.05 2.5980 0.2515 29.18
56 453,756.73 3,096,407.25 405.52 10.67 26.94 10.86 4.78 900.00 1428.00 3.90 20.10 4.61 5.04 2.5200 0.1964 54.34
57 450,836.29 3,096,349.99 580.04 7.12 17.96 7.24 3.19 600.00 1438.70 3.90 18.90 3.77 4.11 2.5970 0.2476 30.63
58 449,633.75 3,095,538.75 725.00 10.67 26.94 10.86 4.78 900.00 1467.30 4.00 18.40 3.81 4.15 2.6110 0.2463 31.79
59 450,697.90 3,095,656.86 626.84 10.67 26.94 10.86 4.78 900.00 1453.10 4.00 18.90 4.23 4.61 2.6000 0.2212 43.37
60 446,007.06 3,097,652.73 1020.15 10.67 26.94 10.86 4.78 900.00 1493.00 4.10 17.80 3.75 4.11 2.5350 0.2425 29.38
61 444,823.61 3,099,415.98 857.57 5.34 13.47 5.43 2.39 450.00 1498.90 4.10 17.70 3.68 4.09 2.5520 0.2468 27.72
62 448,612.55 3,098,697.80 724.80 8.89 22.45 9.05 3.98 750.00 1385.30 3.80 17.60 3.57 3.93 2.5900 0.2594 25.81
63 443,382.48 3,098,079.83 1158.72 5.34 13.47 5.43 2.39 450.00 1509.30 4.10 17.10 2.94 3.21 2.4460 0.2995 13.71
64 446,035.99 3,096,909.35 1049.95 10.67 26.94 10.86 4.78 900.00 1493.90 4.10 17.30 3.16 3.45 2.5500 0.2900 17.71
65 447,138.61 3,100,333.69 786.09 7.12 17.96 7.24 3.19 600.00 1442.70 4.00 18.60 3.52 3.93 2.5870 0.2605 24.50
66 448,259.43 3,099,062.85 783.44 8.89 22.45 9.05 3.98 750.00 1444.40 4.00 17.70 3.96 4.37 2.5870 0.2333 35.13
67 449,447.65 3,098,067.90 750.26 5.34 13.47 5.43 2.39 450.00 1408.80 3.90 17.70 3.44 3.78 2.6000 0.2704 23.20
68 441,989.06 3,097,857.93 1302.38 7.12 17.96 7.24 3.19 600.00 1519.10 4.20 16.40 4.40 4.75 2.3570 0.1941 44.55
69 447,820.41 3,098,039.26 851.40 7.12 17.96 7.24 3.19 600.00 1438.20 3.90 17.00 2.97 3.26 2.5830 0.3115 14.85
70 446,026.15 3,097,566.84 1037.77 7.12 17.96 7.24 3.19 600.00 1438.90 3.90 17.40 3.94 4.31 2.5470 0.2321 34.26
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Table A1. Cont.

Rural Houses Consumption Waste Generation Solar Potential Average Average Wind Potential (40 m)

ID. X (UTM) Y (UTM) Altitude
(m)

DHW
(kWh
day−1)

Electric
(kWh
day−1)

USW
Genera-
tion (kg
day−1)

Organic
Matter

Fraction
(kg

day−1)

Wastewater
Genera-

tion
(L day−1)

Total Year
(kWh/kWp)

Daily
Annual
Average

(kWh/kWp)

Average
Annual
Daytime
Tempera-

ture
(◦C)

Wind
Speed

(m s−1)

Constant
C

Constant
K Weibull

Power
Density
(W m−2)

71 447,414.79 3,098,750.29 823.91 8.89 22.45 9.05 3.98 750.00 1458.30 4.00 17.80 3.59 3.96 2.5760 0.2563 26.08
72 442,160.85 3,098,537.93 1530.93 17.79 44.90 18.10 7.96 1500.00 1557.00 4.30 16.80 5.49 5.97 2.3960 0.1576 87.66
73 442,590.33 3,097,736.24 1169.35 3.56 8.98 3.62 1.59 300.00 1492.50 4.10 16.70 3.41 3.69 2.3850 0.2531 20.96
74 449,442.87 3,098,144.25 771.64 5.34 13.47 5.43 2.39 450.00 1412.00 3.90 17.80 3.47 3.81 2.6000 0.2682 23.82
75 447,787.00 3,100,702.02 731.19 10.67 26.94 10.86 4.78 900.00 1422.00 3.90 18.80 3.35 3.75 2.6040 0.2750 21.21
76 445,902.08 3,099,625.94 810.76 5.34 13.47 5.43 2.39 450.00 1470.00 4.00 18.10 2.90 3.21 2.5530 0.3140 13.60
77 447,150.54 3,100,312.81 785.21 5.34 13.47 5.43 2.39 450.00 1442.70 4.00 18.63 3.52 3.93 2.5870 0.2605 24.50
78 444,556.38 3,097,440.38 1215.98 10.67 26.94 10.86 4.78 900.00 1442.50 3.90 17.30 4.54 2.97 2.4980 0.0886 23.05

Average 876.67 9.46 23.89 9.63 4.24 798.08 1448.33 3.97 18.52 4.49 4.88 2.3884 0.2003 54.01
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