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Abstract:- This paper analyzes the design of an
autonomous electric power generation system for homes
in rural areas of the Cafiar province, located in the
southern part of Ecuador, specifically in places where
public companies that supply electric power cannot
reach or economically the expansion projects of energy
networks are not feasible. A house that has a daily
consumption of 9444Wh/day was analyzed, that is, a
social housing. The number of photovoltaic panels
needed, the charge controller, the inverter, and the
number of batteries needed to supply the house were
calculated. Households found in agricultural production
areas were used as the basis for the study, as these are
located in the most remote parts of rural communities. A
total of nine 375 W photovoltaic panels and twelve
batteries were found to be sufficient to provide 120% of
the demand. Taking into account that the study area of
the present investigation is in a temperate climate most
of the year, factors such as heating equipment for the
interior of the house or thermal components such as the
construction materials of the houses were not analyzed.
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. INTRODUCTION

The 58% of the total population in the province of
Canar is located in rural areas or classified as such, and this
percentage of inhabitants is engaged in agricultural and
livestock production, which are their main sources of
income. Therefore, generating plans for decent housing for
this group of inhabitants is of utmost importance.

Access to an electric power grid is often impossible in
many rural households due to the geographical location of
the dwellings, causing the population to seek alternative
ways of energy generation. The condition of the roads
leading to different communities in the province of Cafar
creates a situation where public companies responsible for
providing electricity to the population are unable to reach all
inhabited areas. There are even communities that lack access
roads, and the only means of reaching them is by foot or on
horseback.
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The use of firewood for heating water, cooking, or
generating heat inside homes is very common in rural areas
of the province of Cafiar, which results in suboptimal living
conditions for this population.

According to the Provincial Development and
Territorial Ordering Plan (PDyOT) of Cafar Province [1],
only a percentage of 0.04% of the total households in the
province use electricity generated by solar panel systems.

Table 1 Generation of Electric Power in the
Province of Cafiar.

Type of Origin Houses | %
1. Power network provided by state companies | 56188 | 95,26
2. Solar Energy 22 0,04
3. Own light generator 47 0,08
4. Other 206 | 0,35
5. Does not have 2521 | 4,27
Total 58984 | 100

Origin of electric light

100

—
%

B 1. Power network provided by state companies
2.Solar Energy
3. Own light generator
4, Other

5. Does not have

Fig 1 Origin of the Electric Light

Only a small percentage of global electricity
production is generated through solar energy, but over the
years this method of energy generation has been growing
rapidly, not only because it has gained popularity among
users, but also due to the support of state entities for these
alternative design methodologies. It is also worth noting that
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there has been technological maturity and significant
economic competitiveness over the years, which has made
solar energy a viable alternative source of generation to
conventional methods [2].

The scarcity of fossil fuels and their negative impact on
the environment are driving humanity to seek renewable and
sustainable fuel alternatives. Thanks to technological
advancements, the search for alternative energy sources to
conventional ones has intensified, and the efficiency in
renewable energy collection has been continuously
improved. One of the most viable options is solar energy, as
it is clean, renewable, and widely available in most regions.
In fact, in just 90 minutes, the sun provides enough energy to
cover the world's energy demand for a year. Despite this,
solar energy represents a small fraction of the world's current
energy mix, but this situation is changing rapidly due to
global initiatives to improve energy security, ensure access,
and mitigate climate change [3].

Power

= —— - —
inverter
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The energy obtained from solar generation has a high
initial cost compared to conventional generation sources, but
over time, its cost will decrease as the investment for
production and maintenance is minimal. Additionally, we
must consider that solar energy generation is
environmentally ~ friendly, durable, and sustainable.
According to statistical data, for every 100 kW of solar
power installed in civil infrastructure, we can avoid emitting
approximately 75,000 kg of carbon dioxide into the
environment each year, which significantly helps mitigate
climate change [4].

Autonomous electrical power generation systems for
rural areas in the Province of Cafiar are a way to obtain
sufficient energy to meet the electricity needs of rural
households. These systems provide the opportunity for
residents in remote locations to have decent and fully
habitable homes. A typical autonomous system is shown in
figure 2.

44— Solar panel

o

Electrical
equipment

Charge

bank

controller

Battery

Fig 2 Example of Solar Power Generation System

Currently, there are several social housing programs in
the country that are focused on rural areas, aimed at
providing low-income individuals with decent housing.
However, a problem arises when these individuals own land
in remote locations far from main roads, and public utility
companies cannot access these areas or have to lay lengthy
electrical connection lines for just one house. In such cases,
autonomous  electrical  power  generation  through
photovoltaic panels becomes a viable solution, as it can be
compared to the cost of laying an entire new electrical wiring
network and monthly service charges, versus the cost of
acquiring all the elements that comprise an electrical
generation system.
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1. GEOGRAPHY OF THE STUDY AREA

The Province of Cafar is located within the territory of
the Republic of Ecuador, which is comprised of 24
provinces. It is situated in the southern part of the country in
the Sierra region, also known as the inter-Andean region.
The capital city of Cafar is Azogues. According to the
division by Planning Zones of Ecuador carried out by "La
Secretaria Técnica Planifica Ecuador", the province of
Cafiar is part of the Central-Southern Region of the country,
also known as zone 6, which it shares with the provinces of
Morona Santiago and Azuay [1].

Table 2 Geography of the Study Area

Total area 4106,76 Km2
Population Growth Rate | 0.98% (according to the census
2010)
Population 231508 people
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Fig 3 Location

Relief is the main modifying factor of climate and
plays a significant role in this aspect. In fact, the different
climate types are closely related to the relative altitude
determined by the relief. This factor influences all the
biophysical elements of the system, making its analysis
fundamental for understanding the climatic characteristics
of a region. In Ecuador, relief is the primary factor that
determines four distinct geographical regions (Secretaria
Nacional de Gestidn de Riesgos y Emergencias [5].

The present study focuses on the area of the Cafar
province, which is located at an altitude of approximately
3000 meters above sea level. Altitude and exposure are key
factors that determine temperature and precipitation values
in this area. Maximum temperatures rarely exceed 20°C,
and minimum temperatures are consistently below 0°C.
Annual averages vary considerably, but generally range
between 4°C and 8°C. Annual precipitation amounts range
from 800 to 2000 mm, and most rainfall events are of long
duration but low intensity. Relative humidity is always
above 80%. The natural vegetation, known as shrub land at
lower elevations, is replaced by a dense herbaceous cover
saturated with water at higher elevations, characteristic of
paramo ecosystems [1].
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of the Province of Cafiar

The elevation ranges between 2500 and 3400 meters
above sea level (with temperatures ranging from 13°C to
8°C) is ideal for potato cultivation, making it the most
suitable ecological level for its production. In addition, other
agricultural products native to tropical climates can also be
grown at this elevation, similar to the temperate zone. On
the other hand, potatoes have been introduced in temperate
and cold areas of the Andean mountains with excellent
results, despite being native to the intertropical zone [1].

The annual temperatures in this zone range from 4.1°C
to 24.5°C, although they can be lower in areas with less
exposure to sunlight. The lowest temperatures can reach
3.9°C, while the maximum temperatures do not exceed
13.9°C, depending on altitude and exposure. Relative
humidity ranges from 6% to 80%, and sunshine duration
varies from 2000 to 2200 hours per year. Annual
precipitation ranges from 1000 to 2000 mm, with two rainy
seasons from February to May and October to November.
The dry season from June to September is very pronounced.
The second rainy season, known as "veranillo del Nifio", has
a more random duration and location, but usually occurs in
late December. In this zone, natural vegetation has largely
been replaced by grasslands and crops such as cereals, corn,
and potatoes [1].
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According to the [1], the least served parishes with
basic services in the Province of Carfiar are General Morales
and Chontamarca in the highlands, while the best served are
Guapan, Solano, including the cantons of Azogues, Cafiar,
Biblian, and the coastal canton of La Troncal. Taking into
account the percentage of electricity coverage in the
province, we can observe that 95.26% of the population has
access to this service, while 4.74% do not have electricity
supply, with the canton of Biblian having the highest
coverage at 97.88%, and the canton of Suscal having the
lowest coverage at 90.25%.

Taking into account one of the least served parishes,
such as General Morales, this study will focus on the

Fig 4 Cafiar Province Map.

conditions of this place, considering that it is one of the
economically most vulnerable parishes, mainly reliant on
agriculture and livestock. Our study aims to generate an
efficient solution to provide families in this area of the
Province of Cafiar with a dignified life and a decent place to
live.

Local communities heavily rely on small-scale
agricultural and livestock production for their economy.
Most of the crops are used to meet their food needs, while a
small portion is sold. As for livestock production, it is
mainly done to generate additional income in case of
economic emergencies and to market products such as milk,
cheese, and "quesillo" [1].
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Fig5 Location Map of theJStudy Area
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11. METHODOLOGY

An analysis of the study area will be conducted in
order to determine the location, ambient temperature, and all
necessary conditions for sizing the autonomous system for
electricity generation. Likewise, the basic electronic
components required for a social housing unit will be taken
into consideration. Lastly, using the Biosol software, the
different wvalues of irradiance, luminosity, and sun
positioning with respect to the study area will be determined
in order to position the necessary photovoltaic panels for
supplying electricity to the housing unit.

International Journal of Innovative Science and Research Technology
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V. SYSTEM CALCULATION

» According to [7], it is important to keep in mind four
things in order to conduct a proper analysis and meet
the necessary or required energy supply:

e Daily Energy Amount Required by the Home or
Business.

e Autonomy Days.

e Battery Discharge Limit.

e Ambient Temperature at which the Batteries will be
Exposed. [7].

Solar panel / Electrical
equipment

—
Autonomous solar | U
energy system I
_ Charge
controller | pr—
> ¢ ) > I ——

" —a—

Battery bank ‘Ei;

o o \

Fig 6 Example of Autonomous Solar Energy System

» The Elements that are Part of an Autonomous Electric
Power Generation System are the following:

Photovoltaic Panels.

Batteries.

Regulator or Charge Controller.
Power Inverter

For the design of the autonomous electric power
generation system, the main appliances that a rural home in
the Cafiar Province could have were analyzed, taking into
account their power, quantity, daily usage hours, daily
consumption, and maximum demand.

A system protection factor of 20% was considered,
which can also include the connection of low-consumption
appliances to the system [7].

The calculation of daily consumption is obtained by
multiplying the number of units of each appliance by its
power and daily usage hours, while the demand is obtained
by multiplying the quantity of each appliance by its power.
In the case of water pump demand, a safety factor of 3 times
the demand is taken into account due to the sudden surges
that this equipment can experience [7].

IJISRT23MAY 1146 WWW.ijisrt.com 1586


http://www.ijisrt.com/

Volume 8, Issue 5, May — 2023

International Journal of Innovative Science and Research Technology

ISSN No:-2456-2165

Table 3 Study of Loads

Electronic Equipment

Number of Equipment

Power of Each Voltage of Each

in the House Equipment (Watts) Equipment (V)
Television 1 150 110
Refrigerator 1 250 110
Lighting 10 15 110
Water pump 0,5HP 1 370 110
Electric Shower 1 4000 110

Electronic equipment

Daily usage time of each

Maximum demand

Daily consumption by per equipment

equipment equipment (Wh/dia) (Watts)

Television 4 600 150

Refrigerator 8 2000 250

Lighting 6 900 150

Water pump 0,5HP 1 370 1110

Electric Shower 1 4000 4000

7870 5660 TOTAL

PROTECTION FACTOR 20%
DAILY CONSUMPTION (Wh/dia) 9444

The daily consumption to calculate the system is 9.44 kWh/day. The equipment comprising the autonomous system are as

follows:
Table 4 System Equipment
EQUIPMENT QUANTITY FEATURES
Solar panels 9 375W

Charger controller 1 48V, 3200W

Batteries 12 12V, 150Ah

Inverter 1 3500W, 48V

V. POSITIONING OF PHOTOVOLTAIC The orientation of a photovoltaic generator is defined
PANELS by the following coordinates:

Using the software presented by [9], we can identify
the optimal tilt and orientation for our photovoltaic panels to
better capture solar irradiation in the study area.

The data for relative humidity,

minimum and

maximum temperature, and daily average global irradiation
values were obtained through the interactive maps from

[10], [11].
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Azimuth (o): It is the angle formed by the projection
on the horizontal plane of the perpendicular to the surface of
the generator and the south direction. Its value is 0° if it
coincides with the south orientation. For a photovoltaic
generator located in the northern hemisphere, as in our case,
the optimal orientation would be towards the south [12].

Inclination (B): It is the angle formed by the panel with
the horizontal surface tangent to the earth at the point. The
best use is obtained when the radiation falls perpendicularly
on the panel [12].
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Fig 7 Solar Graph Equidistant 1st Quarter of the Year
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Fig 9 Horizontal Global Irradiance
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Fig 10 Horizontal Diffuse Irradiance
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Fig 11 Horizontal Direct Irradiance
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Fig 12 Horizontal Global Illuminance
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Fig 13 Horizontal Diffuse Illuminance
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As we can see in the solar graphs, Irradiance and
Illuminance tables corresponding to the study area,
photovoltaic panels should be directed towards the
Southwest. Due to our proximity to the equator, the
inclination of our panels should be between 0° and 10° in
relation to the horizontal.

VI. CONCLUSIONS

An autonomous system with photovoltaic panels can
generate enough electrical energy to supply an average rural
home in the Province of Cafiar, specifically in the General
Morales Parish. This can prevent public companies
responsible for supplying electricity to the population from
having to make large investments to serve extremely
isolated homes.

It should be noted that for very cold areas, we can
analyze the envelope of the home, the amount of glass, and
other materials to improve internal temperature conditions,
in order to avoid the need for additional heating systems that
would increase the daily need for electrical energy and
cause our generation system to be insufficient, ultimately
leading to increased costs.
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