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Abstract.It will be presented a collector to be used in a system to heat water for bath, which main characteristic is its
low cost. The collector consists of five plates of PVC with 10 mm thick, 200 mm in width and 1400mm in length, with
an area equal to 1.4 meters. The plates were connected in parallel to the ends of PVC tuld€®d ahm. The plates

were coated on one side with aluminum sheets of soft drinks and beers cans. The system worked on thermosiphon
regimen and was tested in two configurations: the plates uncoated and coated with metallic material, to determine the
influence of material on the efficiency of the collector. For both configurations was used EPS plates below the surface
to minimize heat losses from the botton. The thermal reservoir of the heating system is alternative and low cost, since it
was constructed from a polyethylene tank for storing water, with volume of 150 liters. Will be present to thermal
efficiency, heat loss, water temperature of the thermal reservoir at the end of the process and simulation of baths for a
home with four residents. The heat will be demonstrated thermal, economic and material viability of the proposed
collector, whose main innovation is the use of recyclables materials, cans of beer and soft drinks, to increase the
temperature of the absorber plate
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1. INTRODUCTION

In the last two decades the alternative energy was the focus of discussion especially in more developed countries.
Aware on the planet does not support much more aggressiveness, it's necessary to find alternative ways to generate
energy, not producing evils as significant as those produced by fossil sources. The shares of renewables energy in the
matrix of various countries had increased substantially. Several developed nations and until underdeveloped, to a lesser
extent, have sought ways of renewable energy supply and energy generation of technology that represent a source of
generation of substantial resources, it is clear that these new sources will be used to ensure the preservation of life on
Earth.

Countries like the United States, Spain, England, Germany, Portugal, Australia, China, India and others are
investing and developing technology to replace fossil fuels for clean energy. A great example of that investment is to
obtain a photovoltaic cell with efficiency of 40%, when commercial level reaches only a maximum of 16%. This
represents a major advance for the prospect of increase generation of photovoltaic electricity. Countries such as Brazil
with potential medium, in the northeast, around 600W/m?, have potential for use of this form of energy conversion
extremely significant; adding to the fact that our electricity is generated around 80% hydroelectric, that is a conversion
of the least hits the environment.

This interest in alternative energy is not primarily the consciousness of the fossil fuels evils. The search for such
sources is made by the successive increase in the price of oil. This happened in the 70s where the barrel price went from
U$ 3.00 to U$ 40.00 and in this actual decade the barrel price surpassed the mark of U.S. $ 150.00. With this price the
use of renewable energy could become competitive.

The most pessimistic forecasts of global scientific community on global warming have been confirmed and the
urgency to change course toward renewable sources of wins essential contours. The solar heating of water, the indirect
generation of electricity through the use of solar concentrators and the direct conversion of solar energy into electric



energy through the use of photovoltaic cells preseny viable applications and their use has graxponentially
around the world, especially at more developed t@mm

Brazil is a privileged country in relation to ityalable solar potential, and the northeast redias a potential
average around 600 W/m2, reaching peaks of abod®W0mz2. This potential raises the Northeast regisma very
viable for any deployment of solar installations its various applications.

According to the National Energy Balance (BEN), 2085% of electric power consumption in Brazil isedted to
the sector of construction, and 80.0% correspomdisisinesses and residences and public administr2€i%, reaching
13.8% of the country's Bruit Internal Product (wwwwme.gov.br).

The residential sector corresponds to 23% of natioonsumption of energy and consumption of eletniower is
the second largest in a residence, correspondi@§%a losing only to the refrigerator / freezerm®0%. Its use affects
the peak hours of 18:00 to 19:00 hours, correspaonth 8.5% of national demand for energy at thiseti(Santos,
2008).

These data suggest the importance of replacingpofeer source by the solar source to get hot watnlgnto
reduce the consumption of conventional energyevaig the Brazilian energy matrix.

This paper presents the thermal and economic ityabil a solar heating of water, using a colledtailt from PVC
plates, utilized in environments coverage. It sogbresents an innovation on existing work witls tiype of surface
coverage, which is made with cans of beer for thiiaing of a higher temperature in the absorbateplit will be
studied two configurations, namely: uncoated aratenb plates. The storage tank is alternative (astwell below the
thermal tanks used in conventional solar heatirsgesys (Santos, 2008).

The heating system proposed is destined for olpigiof hot water for bathing of a four people familyreplace to
the electric shower. It will be presented average dor the proposed heating system, for two camditions, working
in thermosyphon.

2. BIBLIOGRAPHIC REVIEW

To promote the heating of water for the bath aedusonventional and alternative collectors. Theveational
collectors consist of a box of aluminum profile glass fiber, thermal insulation of glass wool, altm plate
absorber; absorber grid of copper tubes and traespaglass cover, working on a thermosyphon orinants flow
using a pump for the movement of the working fluid.

The alternative collectors are usually made of melgewith lower cost and have the main purposestisalization
of water solar heating. Several generations ofratéve collectors using absorber plastic tubessHasen developed
and tested in the LMHES/UFRN.

The main objective of the study of these collectst® reduce the cost of manufacturing, searcttingsocialization
of its use in heating systems for domestic and stréhl water. With this objective, several studiesre developed,
demonstrating that the plastics solar collectotewtcost have been studied since the 70s (Sa2008).

Souza (2004) study compared two types of collectansalternative and a conventional plan, demotistrahe
competitiveness of an alternative collector witls@er grid consisting of multiple PVC tubes on ¢b#ector with the
conventional copper tube.

Souza (2005) studied an alternative collector ctimgj of three elements: cash, grid absorber aasisgiThe box
was manufactured in composite material and therhbsarid was composed of multiple PVC tubes cotatkdin
parallel, using a configuration that allowed theluetion of space between the tubes. It was shownthirmal,
economic and material viability of the proposedasabllector.

Souza (2006) studied an alternative heating systetow-cost composed by an alternative solar ctileand a
alternative thermal reservoir. The collector hadasber PVC grid and the tank was made from a ployyetne drum of
200 liters, used for water storage and / or rubliskiered by the composite material based on gypgumnd EPS and
water. It was shown the thermal viability, economi@ material of the system under study.

Souza (2007) studied an alternative heating systensisting of a collector with absorber grid of PVibes
connected in parallel through T connection of saliaeneter and a alternative heat reservoir builinfi drum coated
with a polyethylene cylinder made in glass fibérwhas shown the thermal viability, economic and eriat of the
system under study.

Another alternative heating system at low cost vilie objective of socializing the solar water hegtiwas
developed and built in the Technology Businessthator Center - CIETEC/SP in 1999 and received #menof Solar
Collector of Low Cost - ASBC. The ASBC has simitasllectors to those used in swimming pools, notspssing,
therefore, transparent cover. This system for apauson family is composed of three collector ggatf 0.91 meters of
interconnected PVC and painted in black and a vegenf volume equal to 170 liters. Each plate ectbr consists of a
modular PVC profile of with PVC tubes attachedteit ends. (Varella, 2004).

Another alternative collector was developed anditbmi 2004 by the Society of the Sun, an NGO (non-
governmental organization), using PET bottles aadkages of milk, Tetra Pak. This collection comssist 80 PET
bottles and has absorber grid formed by eight Pi@s connected in parallel. Tests performed wighABBC and the
collector of PET showed that the ASBC is 17.2% nedfigient (Costa, 2007).

Santos (2008) presented an alternative systemofar Beating of water consists of one or two catlex and an
alternative water storage tank also alternativepsghmain purpose was to socialize the use of erter@g primarily
used by low-income populations. The collectors warestructed from the use of PET bottles, canseef land soda



and PVC tubes from %2 ". These collectors were ¢diior only three elements: pet bottle, cans amstders tubes. It
was shown the thermal, economic and of materiddiltig of the collectors studied.

3. MATERIALS E METHODS

The collector developed is composed of five plate®VC 200mm wide and 10mm thick, used in environtae
roofing, connected in parallel through tubes of P\tQvorks under thermosyphon regimen, for a heatatér volume
of 150 liters. It has the following dimensions: déim (1) - 1.40 m, width (b) - 1.0 m, thickness (€0.01 m. Area =
1.40m2

For fixing the PVC plates in tubes of water was madrip in them through the use of drill and saw.sEal the
space between the two areas was used polyester Tés PVC plates that form the absorber grid efdbllector were
painted of black for better absorption of incidsalar radiation

To decrease the thermal losses of the collectoe piced EPS plates of 20.0 mm in the below surface
The processes of manufacture and assembly of tHiecwws are formed by the following steps:
. Cut of PVC tubes of 40mm diameter for entranu exit water of collector;
. Opening of tears in the tubes to plug the P\VaZasl using saw;
. Sanding of features for greater adhesion of¢b;
. Coupling of the plates to in tears of tubes,
. Placing the polyester resin in the spaces betpwkses and tear;
. Cutting of beer cans for the preparation of ahwm plates covered PVC plates;
. Painting the absorber surface;
. Cut of EPS plates for thermal insulation of ¢théector.

coO~NO UL WNBE

The alternative thermal reservoir of 150 liters wiaade from a drum of 200 liters of polyethyleneeThnk was
opened on its top cover and was placed in a drudenmafiber glass with a thickness around 5.0 mhe Tover of the
reservoir was built in fiberglass. In the spaceneein two basic elements, cylinder and drum polyettey fiber was
placed EPS ground.

The heating system proposed works under in therptasyto a volume of water equivalent to 150 litensl was
tested for the diagnosis of their thermal efficigrito determine the flow rate it was considered #ilsthe water in the
reservoir circulated by the collector, correspogdimerefore to relation between the volume of gservoir (150liters)
and time to test the system (seven hours).

It was measured the parameters that charactertz@am@nneeded for the analysis of their thermalgoernce, as
also the susceptibility of the absorber plate tchethe critical level for the beginning of therndalgradation of PVC
tube, around 60 ° C (Duffie, 1991, Souza, 2008k Tdllector was tilted by 15.5 ° S latitude.

It were measured the temperature of entrance amafegollector fluid, the absorber plate temperatat various
points, temperature of water in the thermal resemtovarious points (lower, %, ¥, % and upper)beamt temperature
and global solar radiation. It also measured theethecessary to standardize the temperature ofr watihermal
reservoir.

The temperatures of the entrance and exit fluidewaeasured in the period between 08:00 and 15:06shat
intervals of 30 minutes, the temperature of thdectdr and absorbers tubes were measured from 15 tminutes
between 11:00 and 13:00 hours, period of maximuiiatimn and constant, which evaluates to the mawinmss by
collector, the temperature of the water was meadsafter seven hours of operation. The tests weronmeed on days
with good solar conditions, high rates of directl ghobal solar radiation and low cloud cover t@aila more realistic
comparison between different days.

The susceptibility to the beginning of the procekshermal degradation can be diagnosed througkraperature
levels achieved by the external surface of absertres, which should not reach 60 ° C.

The autonomy of the system was also evaluated neghrd to the number of days in which the systers alde to
provide hot water in the temperature of bath ideah residence with four people.

The baths were simulated at 07:00, 12:00 and 1800@s, taking up 40 liters of hot water reservdiheat, through
a registry located at 2/3 of its height from its&@aEmphasized that the simulation of the bathdbaa a more critical
condition than what happens in the real situatiwithout the mixture of hot water tank with cold watfrom the
network.

To test the thermal efficiency of the heat reserigfilled it and connect to the proposed collectsfter a day of
operation of the heating system, at 15:00 hourgsmed up the temperature of water in the resereoiresponding to
45°C and cut it communication with the collectoptevent the heat exchange between the resenaithencollector at
night.

It has been one of cromel-alumel thermocouple i tiermal reservoir alternative proposed to measoee
temperature of the water, another on the outsidiase to measure its temperature and another tsuneambient
temperature. The test was to measure these tempesatach hour during all the night to quantife tirop in
temperature of the water mass in the reservoir.t&imperatures were measured using a digital theeterm

The heat loss global coefficient (L) was determined by the parameters power absonpédebcollector Pabs),
power transferred to the working fluigj, plate mean temperaturgyf), ambient temperaturd §), collector area A),



the mass flowrf) specific heat of the fluidc(), the difference of temperature of the fluid inlector (T),incident
global solar radiationlf and absorb capacity), using the equations shown below (Santos, 2008fi& 1991). The
heating system proposed alternative is shown in(Big

Pas = 7,0, LA 1)
Where:
P.us.-absorbed power by the collector (W)

T, - coverage transparent transmissivity,

a, - absortivity of tube painted in black

| - global solar radiation ( W/m?)
A — collector area ( m?)

P, =mc, AT @)

Where;
P, - power transferred to the working fluid (W);

M - mass outflow (Kg/s);
C, - specific heat of the fluid — J/Kg.°C)
AT - difference of temperature of the fluid in thesgm (°C)

I:)p = Pabs - I:>u (3)
Where:

P.us.-absorbed power by the collector (°C)
Pp.- - lost power (W)

—_ Pp
U loss — ATpn—Ta) (4)
Where:
Uoss - global coefficient of thermal loss (W/mz2.°C);
Toem - plate average temperature — (°C);

T, - ambient temperature — (°C).

The thermal efficiency of the water solar heatiggtem was determined through the parameters dEdo@tion (5).

—_ P,
i = & (%)

Figure 1. Water heating solar system in test.



4. RESULTS AND DISCUSSIONS

Tables 1, 2 and 3 present the average resultsnebitéor four days of tests in the two configurasi@md Figure 2
shows the behavior of the thermal parameters medsunrd calculated

Table 1. General average results - Configuraticvoated

TEST €) | (Kw/m?) (%) (¢ (c®) (c?) (c®) (c)
DAY 1 10.9 0.70 28.0 41.2 445 457 45.0 45|16
DAY 2 10.7 0.71 27.1 45.0 46.3 48.2 49.0 49.2
DAY 3 10.8 0.71 27.3 44.5 47.1 48.2 48.5 48.7
AVERAGE 10.8 0.71 27.4 43.6 46.0 47.2 47.p 4718
Table 2. General average results - Configuratich edated
DAYS OF AT | nt Tlower T4 T1/2 T3/4 T upper
TEST ©) | ®&wm) | @) | . | (C) | (C) | (°C) [ (°C)
DAY 1 9.2 0.69 24.0 45.9 46.8 48.0 48.1L 48]0
DAY 2 9.2 0.69 24.0 46.3 47.6 48.4 48.B 48|7
DAY 3 10.6 0.71 26.9 43.9 46.4 48.% 485 4813
AVERAGE 9.7 0.70 25.0 45.4 47.0 48.4 48.p 483
Table 3. General average results for each configuratudied.
AT I Nt | Tiower | T4 | T2 | T3/4 [ Typper
TYPE CONFIGURATION e |wwm2) | o6 | O | co) | o | o) | 0
COATED 9.7 0.70 | 25. 454 474 48.4 485 443
UNCOATED 10.8 0.71 | 274 43.8 46.( 47p 47|5 418
]

o COATED
| NCOATED

Al

Figure 2. Thermal parameters of the heating sgistes.
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The values of the parameters measured are highehdoconfiguration without coated. This means #tatet of
aluminum that coated the PVC plates, decreasedrtt@mnt of heat transmitted to the working fluidwks expected
that the sheet painted of black to increase theéeeature of PVC plate, but happened a heat losfiniction of the
creation of an additional thermal resistance betwde hot source and receiving source of heat. tfEhwerature
gradient generated was 11% higher for the configamawithout coated thermal efficiency 10% higher the same
configuration and the temperatures inside the fesgrvoir were almost equal.

The average efficiency of the collector under statythe best configuration was around 27%, slighglow the
majority of alternative collectors, with thermafieiency around 30 to 35%.

The average global solar radiation for all daysetsvas around 700W/m?2, showing up the right chdicethe
comparison test between the two configurations.aMetected days of low or no cloudiness to theatttarization of
solar conditions identical for all days.

Regarding the heat loss of the collector, was eggleat a significant level in function of collectdid not cover
transparent to minimize convective and radioactixehange with the environment and is not containeal box with
insulation on the bottom and sides.

The levels of temperature measurements show thgtlttement of EPS plates below the surface gbltite absorber
provided to minimize of the heat loss since the imaxn temperature reached on the surface of theatoll was 33.0 °
C, and environment temperature for the time chegn30 ° C.

As regards the thermal degradation of PVC thecalitievel for initiating the process degraded, esponding to
60° C (Souza, 2006) was not reached, since thermamitemperature in the absorber plate in the tofase was
47.2°C and average temperature was 42.5 ° C.

The coefficient of heat loss can be calculated gishe equations shown above, with the parameterdeukefor
calculations with the corresponding period of iased incidence of solar radiation.

Pab s 080x1.4x750=840,0Watts

-3
3kg 15010 7 3 ) 1a5 I AT = 24.9x(AT) = 24.9x14.9 = 3710MWatts
me" 7.3600s Kg.°C

Pp =840,0-371.01Wats = 469,0Watts

R, =10

= 4990 _ 56 swimP.oc
loss 1.4x(42.5 30)

The heat loss global coefficient present signiftoaaue, although it has been decreased by pladipiptes EPS in
its lower surface. Although showing heat loss miaecger than the conventional collector, correspogdo around 6.0
W/m2 °C, water heating solar system proved to besibpte to obtain hot water bath in low-income fagsil
demonstrating its viability.

For a minimization of heat loss could be putting B\VVC plate in a box and cover it, but the costalfector would
be increased, rather than to impede the manufaatameplicating the process of technology transfecdmmunities of
low income, in an attempt to increase the use lafr smllectors for a reduction of energy consumptiy using electric
shower.

The test results to evaluate the thermal efficien€ythe alternative heat reservoir are presenteddhble 4.

Table 4. Results of the test with the alternatik@ppsed thermal reservoir.

T upper Tmedium T lower
T|ME(HOUF) Twater Tenvironment reservoir reservoir reservoir
() () ) ) (¢

16:0C 45,% 27,C 28,C 28, 28.5
18:0( 45,C 26,(C 27,C 27,5 28.0
20:0C 44,2 25t 25,1 25,€ 26.2
22:0( 43,5 25,C 25,1 25,€ 25.6
00:0c¢ 42, 25,C 25,1 25,2 25,€
02:0(¢ 42t 24.¢ 24.¢ 25,5 25,€
04:0( 41,¢ 25,C 25,C 25,4 25t
07:0C 40,€ 28,2 28,¢ 29,€ 28,4
08:0( 40,5 31,¢ 33,( 33,2 32,C
10:0( 40,1 31,¢ 38,( 36,( 33,€
12:0(¢ 40,1 32,C 38,0 35,5 34,C
14:0(C 40,2 32,4 38,2 36,C 35,C
16:0C 40,7 30,( 35,C 33,C 32,C




The presented data demonstrate the efficiencyarrtal alternative heat reservoir proposed. There avdrop in
temperature during the 24 hours, corresponding®d 4. This is a drop in temperature within themage suggested
by the literature for conventional thermal shetlspper or stainless steel, which have values aréuh@ to the level of
temperature tested. It was also the price of ttegradtive proposed reservoir, much smaller thaveotional tanks.

It was observed the temperature of the externdhserof the shell was very close to the ambientptrature
throughout the night reflecting a low heat losstlwy side of the tank. The temperature of the taskijeached values
well above the temperature for the period in whitad reservoir is now heated by solar radiation diebh by it, since it
was painted with matte black ink. Therefore, theslavas more significant for the bottom and / oolidhe tank.

The resistance mechanics of the considered alteenatservoir did not verify damages to its stroefu
demonstrating to support the corresponding weighhé volume of water contained in the reservaididl not have
occurrence of emptying, what it certifies its ggoadhibition, also gotten through polyester resin.

The cost of manufacture of the collector was arow$#3.00 and of the thermal reservoir around U$100.
Therefore, the total cost of the heating system wisior the U$150.00, what it represents a sidfidy inferior cost
to the necessary one for the manufacture of amysfeconventional heating. It is standed out thatstudied collector
is for being used by low income populations, nahfeompetitive with the conventional system. Hoeg\t presents
viability of use for the considered end.

To better evaluate the system, it is a simulatibbaths taken by a quarter of the volume (approtegad0 liters)
of hot water tank at 7:00, 12:00 and 18 hours,gsimegistry located at the top the tank and therthe same amount
of cold water. The result is in Table 5.

Table 5. Results of the parameters for bath sinmnaéest.

DAY TIME Twater Twater T water after Tenvironment
(HOUI’) wmldrawal a‘\Jdded replgcement (oC)
) ) )
1/epr 18:0( 45.0 28.8 41.1 275
2/apr 07:0C 36.5 28.2 335 27.0
2lepr 12:0(¢ 42.6 3C.1 382 28.7
2lepr 18:0( 433 29.9 40.0 28.3
3/apr 07:0C 352 28.2 333 27.2
3lepr 12:0(¢ 46.9 31.3 42.0 21.7
3lepr 18:0( 40.7 295 375 27.3
4/apr 07:0C 335 29.6 325 28.0

The dates demonstrate that the system has autotmr@ydays of use and the critical time at 7:00 ps,was
expected, once during the night is heat loss taetheronment. The temperature considered pleasargwWimming is
about 34 ° C and in this case, depending on thewseld not be necessary to mix the water collectopre-heated
with cold water for bathing.

Souza (2002) studied the PVC tubes degradation wRkposed to the sun; proving that a collector watikorbers
tube of such material would have a useful life dl@ryears. The Society of the Sun, a NGO (non-govental
organization)built collectors which are similarthat presented in this study and concluded thdiféteme of the
collector with plate absorber of PVC have more th@ryears of useful life, which demonstrates itsneenic viability.

The cost of manufacture of the proposed collecis around U.S. $ 43.00 ($ 31.00/m?2) and the costaofufacture
of the heat reservoir, is around U.S. $ 100.00.

5. CONCLUSIONS

1. The collector presents feasibility of use fa #nd proposed;

2. The collector presents easy assembly and maunuifag processes;

3. The heating system has low thermal efficiency,gyoved to be capable of providing hot water Hatha family
with four people in the region studied,;

4. The heat loss of the collector is higher thah@nconventional collectors, as was expected;

5. The most important characteristic of the heasiygtem proposed is its low cost;

6. The heating system studied may contribute to riessive use of solar water heating for low-income
communities, socializing the use of energy.
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