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Abstract. The proposed works consists in the research
on the electric power consumption in a Brazilian
municipality and effective financial economy and demand
the power grid with the installation of solar water heating.
The field research was conducted with the survey method
with questionnaires applied in a sample of 360 households.
As a result it was confirmed that 55,28 % of interviewed
households has electric power consumption between
151-200 kWh; all of them have electric shower with an
average use time 1 hour/day, the use between 18:00 and
21:00 pm, peak time in Brazil. Therefore, the use of solar
thermal energy represents a savings of 12,000 kW / ano for
the city and reduce demand electricity grid. Research has
proven that low-cost solar water heater is viable to be
installed.
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1. Introduction

The energy, as well as its form of production and
consumption is essential for all social, environmental and
economic organization. Environmental and social impacts
arising as a consequence, considering that there is no
economic development without the use and supply of
energy. For the effects of environmental and social
impacts of production and use of energy are mitigated, a
possible alternative is to resort to the use of renewable
energy. In this context, Brazil and especially in the regions
with the highest indices of insolation, the use of solar
energy can be widely used.

Among the various processes of solar energy, the most
currently used are water heating and photovoltaic power
generation. In Brazil, the first one is more found in South
and Southeast regions due to the climatic conditions, and
the second, in the North and Northeast regions, in isolated
communities of the power grid, [1].

The Brazilian market is growing in the use of solar energy
and sectors of the Brazilian government are encouraging
its use through social programs. The main argument is the
economic and environmental benefits of equipment such
as electric showers, which represents 20-30% of electric
power consumption.
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Energy planning grounded in technical studies, with
methods that use a combination of probable and possible
interfering variables in the path of the various social,
economic, financial, environmental and energy
structures, among others, can be defined that allows the
best intervention, with less cost, less environmental
damage, better energy strategy and greater social
benefits. These instruments assist policy decisions to
define development models that society indicated which
are implemented by rulers chosen, [2].

Due to the lack of information on case studies which
evaluate technical and economic viability of the insertion
of solar water heating in households of Brazil's
municipalities, this work contributes to research and
encouragement in this exposed area. Evaluates the
knowledge and acceptance of the insertion of the solar
water heater system with a case study in the municipality
of Tremembé, in the state of Sdo Paulo, Brazil, by social
class. And also analyze the profile of electric power
consumption of the inhabitants and the financial
economy through insertion of the solar technology.

2. Materials and Methodology

The methodology used in this study is divided into two
stages: the first stage it is through the sampling plan used
to evaluate the knowledge and acceptance of the insertion
of solar water heaters in the households. The second step
consists of analyze the profile of the electric power
consumption of sample households and the economy in
the cost of electric power in the installation of solar water
heater.

The registers of the census sectors of the Brazilian
Institute of Statistics - IBGE 2010 [3], were utilized.
Were used format maps kmz (Fig. 1), maps of
descriptions of 85 sectors that totalling the municipality
Tremembé for the location and georeferencing of each
sample household.

The sampling plan must have a maximum error of 5%
within a confidence interval of 95% and it was a sample
of 371 in a population of 10,632 households. Therefore is
within the desired estimate.
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The equation (1) was used for the sample calculation. As for bath time, the data indicate that 90.28% of the
residents use the electric shower in peak time. Which, in

ZE_[(%)_[1— (%)]N Brazil, is stated between 18:00 pm and 21: 00hs. As
= X X (1 shown in Figure 3.
(V= 1).e2+22.(3) . [1-)]
100 4
Where: % | _
n = size of the sample 80
N = size of the population 70 1
e =% error in unitary form 60
Z = confidence interval 50
{ 40 4
1 = expected ratio 30
20
The Figure 1 shows the map in kmz format where the 10 6,94% i o
location of the sampled households were located in each o ‘ ‘
Sector 6as7 12 18 as 21 Apos as 21

Fig. 3 - Graphic with data on bathing time of the sampled
population.
Font: (Author, 2015).

As the use of lamps, research shows that fluorescents
compact lamp 20W is the most used in all dwellings and
residents show knowledge that such lamps have higher
energy efficiency and incandescent lamps ceased to be
used.

Regarding the consumption of electricity, the data
confirm that 5527 % of housing is between

N il @Oogle arth 151 and 200 kWh. As illustrated in Figure 4.

Fig. 1, map in kmz format and the localization of the households 70 -
Font: (IBGE, 2014, Author,2015) 80 - 55,28%

50 4
The information collected through the survey method were 40 |
inserted into worksheets in excel format and the data were 20 1 28.08%
treaties statistically. 20 |

8.61%

107 se81% 4.44%
The Figure 2 shows a sample of the worksheet data in o | — :
excel format about the consumption of electric power in 51100 101180 AsT-ze 201-280 Acimazso
the sampled households. Fig. 4 - Electricity consumption per household

Fonte: (Author, 2015).
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Fig. 2 Sample of the worksheet data about the consumption of
electric power in the sampled households.
Fonte: (Author, 2015)
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The system provides hot water at varying temperatures
between 40 °C and 60 °C, basically meeting the demands
of residential use in kitchens, bathrooms and laundries.

Fig. 3, ASBC installed on Renewable Energy Center of UNESP,
Guaratinguetd, SP.
Fonte: (Author, 2014)

3.1 Cost of Installation

For the installation of a Solar Water Heater Low Cost,
with the use of PET bottles of 2 liters, constructed as
shown in Figure 3, the financial investment is
U$ 497,75 and the description and prices of materials
required are described in Table 1.

Table 1. Description and price of materials necessary for the
construction of a solar heating system built with PET bottles.

Material Description Amount  Unit Price  TotalPrice
Reservoir of 200 L 01 U$ 434,60 U$ 434,60
PVC pipe hot water of 12 mm 02 U$ 4,08 U$ 8,16
PVC pipe of 12 mm (6 mt) 14 Us$ 1,42 U$ 19,88
Connections T of 12 mm 72 Us$0,24 U$ 17,28
Connections curves of 12mm 07 Us$ 0,17 U$1,19
metal tap 02 U$ 6,30 U$ 12,06
Water registry 01 U$ 4,58 U$ 4,58

Total R$ 497,75

3.2 The financial economy and electricity
saving

The electricity savings is 12.000.000 kWh to the city with
over 10.000 inhabitants. The cost of 1 kWh is U$ 0,11.
Thus, with the use of solar heaters can save up to
U$ 2.748.826,08/y, according to equation (1) and also
avoid emissions of CO, in the atmosphere.
Eeconomia = 12.000.000 . U$ 0,11 1)

Ecconomia = U$ 1,320,000

https://doi.org/10.24084/repqj13.257

134

4. Conclusion

The data presented show that 86.11% of households
consumes 201-250 kWh of electric energy. Being that
90.28% of the residents making use of the electric
shower, to which is responsible for almost 50% of the
electricity cost, occurring during peak hours, between
18:00 pm and 20:00 pm. They know the technology of
Solar Energy, but they unaware about the solar water
heaters low cost - ASBC. And 100% of the respondents
from the rural area, have an interest in knowing and
install solar water heaters low cost.

The solar heater with PET bottles can be built by the
dwellers themselves, not requiring specialized labor.

Is necessary to present guidelines for the inclusion of
low-cost technologies that encourage energy saving and
water and such guidelines should be included in
educational systems. Is necessary to present guidelines
for the inclusion of low-cost technologies that encourage
energy saving and water and such guidelines should be
included in education systems, environmental education,
however, without creating a culture of dependency,
offering an instrument of autonomy, so that the residents
will be able to build their equipment and still be a
multiplier actor.
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