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Introduction
Access to abundant and reliable supply of hot water is not 

only essential for industries and households, but of paramount 
importance for smooth running of hospitals as well. As its necessary 
aid for cleaning and sterilization, washing of clothing, and generally 
for maintaining personal hygiene of patients and health workers 
among others. The usual source of energy for heating water to 
obtain hot water for such uses in urban areas are electricity, coal 
and petroleum base fuels. Similarly, charcoal and firewood are the 
major sources of energy for the rural areas and hence the most 
common means of heating water. There is a rising concern about 
conventional fossil fuels like oil, coal, and natural gas for energy 
due to limited availability, supply security and environmental 
pollution with resource exhaustion and emissions from production 
and use of fossil fuel [1-5]. In 2010, energy from fossil fuel sources 
amounted to 81% of the worldwide energy expenditure [6]. Current 
consumption rates projected depletion of the fossil fuel stock in 
about half a century for petroleum oil and natural gas, and the coal 
reserve is also projected to last just a century [7-9]. In developing 
nations this concern is exacerbated by economic issues, limiting 
their affordability. Therefore, making availability of a cheap and 
reliable energy supply a major constrain on socio-economic growth 
of the poorer nations of the world. Globally reduction in carbon 
emissions and air pollution requires increasing the proportion 
of energy harnessed from sustainable sources like biofuels, solar,  

 
wind, hydropower and geothermal, in addition to development and 
utilization of energy saving technologies.

The sun’s average power is approximately 1000W/m², which 
represents 10,000 times the power required for the world’s 
population [10]. Solar water heaters are one such technologies, 
as they operate by harnessing and utilizing the free and abundant 
radiation energy from sun, and therefore have found a wide 
spread acceptance and application in agriculture, industrial and 
in household applications. As such, making it one of the most 
popular means of solar energy utilization because of technological 
feasibility and economic attraction compared with other kinds of 
solar energy utilization [11]. Solar water heating technologies are 
also attracting increasing interest as a solution to saving energy and 
reducing greenhouse gases, thereby reducing of carbon footprint 
of conventional fossil fuels [12,13]. Fundamentally, solar water 
heaters are devices that convert the infrared energy of sunlight 
into thermal energy using solar thermal collectors to heat water. 
A water heating solar collector panel works by first collecting the 
heat from solar radiation onto its absorbing layer(s). Consequently, 
the said layers heat up the water flowing through the collector, or 
in some cases heat up water in an attached container. In contrast 
to photovoltaic cells that convert light to electricity, solar thermal 
collectors do not convert light to electricity and simply collect the 
solar radiation from the sun to heat up air, water, or other spaces. A 
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Abstract

Hot water is essential for industries and households, as well as for smooth running of hospitals. A novel inexpensive flat plate solar water 
heater was designed using black Plexiglas instead of the conventionally preferred material of copper or metal. This design differs from conventional 
solar water heaters as black Plexiglas plates are used as energy insulator as well as absorber. Its function as an insulator retains solar energy; the 
direct thermal contact between the plates and water results in elevated thermal transfer. This design was motivated to reduce the loss due to theft 
in developing nations by not having metal parts. Based on initial laboratory scale tests and theoretical analysis, a solar water heater with a surface 
area of 1.67m2 was designed, fabricated and tested. The test results showed that the solar water heater was able to increase the outlet water 
temperature by 11.7 °C and produced a flow rate of 34L per hour with a thermal efficiency of 68% on sunny days. The efficiency of using this design 
and material is comparable or better than that of conventional ones, yet the cost of black Plexiglas is much lower than that of copper or metal. The 
invention is a sustainable water heating system since black Plexiglas can be produced from recycled plastic waste, which has the added benefit 
of lower fabrication cost of 13.7% when compared to metallic solar collectors. Proposed solar water heater in residences, hospitals and hotels 
will reduce greenhouse gas emission if the electric water heaters are replaced. A complete package of design drawings is provided for large scale 
implementation in developing nations.
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simple example would be setting water in a black metal container 
out in the sun. The metal would eventually heat up, and, in turn, the 
water would as well.

Solar water heating systems comprise various techniques that 
are categorized into two major types, namely; active, which have 
circulating pumps and controls, and passive (natural circulation), 
which only employs thermal conversion. In the active or pump-
circulated system the storage tank is ground- or floor-mounted and 
is below the level of the collectors; a circulating pump moves water 
or heat transfer fluid between the tank and the collectors, this 
subsystem is known as Direct Circulation and Indirect Circulation 
systems respectively. 

In the passive or natural circulation, on the other hand requires 
no pumping and operate using local water pressure and/or solar 
radiation. Primary there are two types of passive systems, known 
as: Integral Collector Storage (ICS) and Thermo-syphon systems. 

The ICS system has their hot water storage tank as the collector 
and cold water flows progressively through it where it is heated 
by the sun, the generated hot water is drawn from the top of the 
collector which is subsequently replaced by cold water which enters 
at the bottom [14]. For the Thermo-syphon systems; as the cold 
water gets heated by the solar radiation it becomes less dense, and 
water flows through the system when warm water rises as cooler 
water sinks, as such, the hot water naturally rises into the storage 
tank, which is horizontally mounted immediately above the solar 
collectors, through thermosiphon flow [15]. The three basic types 
of solar collectors commonly used for residential applications are 
Flat-plate collector, Integral collector-storage systems, Evacuated-
tube solar collectors [15]. The success of the solar energy 
applications is closely related to the performance of the collectors 
[12] in addition the performance also depends upon climatic and 
operational parameters [16]. It is normal to use water as the heat 
transfer fluid as it has a relatively good thermal conductivity [17].

Another important component of solar water heater is the 
absorber, which helps in boosting the water heating by absorbing 
and transferring the solar radiation energy to the water. As such 
they are made of material that are good thermal conductors with an 
irregular surface to reflect possible rays that are not absorbed. One 
way to achieve this is to paint the surface of the material with a back 
paint with a good thermal absorption property. The absorption 
coefficient α depends on the type of materials used for the absorber 
sheet, but it’s always about 90% - 98% [18].

Of all the different types of solar water heater systems, 
natural convection system is the most common solar water heater 
for domestic application. In particular, Gupta and Garg (1968) 
modeled the thermal performance of domestic solar water heaters, 
employing thermos-syphon circulation between the collector and 
the insulated storage tank [19], in addition to systems design and 
performance [20-24] Investigated the performance of various types 
of solar collectors [25] Investigated characteristics of horizontal 
mantle heat exchangers for application in thermos-syphon solar 
water heaters [26] studied internal vertical heat exchanger with 
R22 in a liquid-gas phase [27]. Flat plate collector is the simplest 

type of collector, which were investigated by [28-31]. Flat plate 
collector performance is influenced by its design variables such as 
the nature of absorber plate [32-34], type and depth of insulation 
used [35], surface coating of the absorber [36,37]. Evaluated the 
effect of absorber plate absorption and thermal emittance on the 
efficiency [38]. Investigated a two phase closed thermos-syphon 
flat plate solar water heaters with natural circulation [39,40] 
studied the thermal performance of thermosiphon flat-plate solar 
water heater with a mantle heat exchanger [40].

One type of popular solar collector is a copper flat plate 
collector. A copper flat plate collector utilizes a large black copper 
plate with thin black copper pipes running length-wise on top of the 
plate. Water travels through the thin black copper pipes while the 
solar radiation hits the copper plate and transfers heat generated to 
water. Copper is ideal for these flat plate collector designs because 
of its high thermal conductivity, however it is very costly and a 
solar plate collector utilizing copper is difficult to manufacture. 
Skilled labor would be required to weld the copper parts together. 
Utilizing copper or any metal for that matter, in solar collector 
construction is disadvantageous because it is costly and potentially 
harmful to the environment. Hence a novel inexpensive flat plate 
solar water heater was designed using black Plexiglas instead of the 
conventionally preferred material of copper or metal.

Proposed Design

Material selection, design and fabrication

Black plastic sheet: The black plastic sheet is the solar absorber 
plate for the proposed design. The top of the plate will absorb solar 
radiation turning it into thermal energy due to the black color of the 
plate. Since the plate is made of plastic material, the thermal energy 
will not transfer through the plate but instead transfer to the more 
conductive water above the plate. Laboratory scale tests showed 
that the insulation properties of plastic produced higher thermal 
transfer rate of solar radiation energy to the water than that from a 
conductive metal sheet.

Transparent plastic sheet: The transparent plastic sheet 
serves two purposes. First, it allows the solar radiation to reach the 
passage. Optimum cost-efficient transparency has been found to be 
about 92% of the solar radiation passing through the transparent 
plastic sheet. Second, the transparent plastic sheet provides a 
greenhouse effect, where the thermal heat is not allowed to pass 
through the plastic sheet. To increase efficiency, another transparent 
plastic sheet may be added above the current sheet with a small air 
filled between the two transparent plastic sheets, in doing so the 
overall thermal losses are further reduced.

Design: The panel is constructed entirely of plastic components 
joined with epoxy. It has 2 main sheets. The top one is transparent 
to allow for the passage of sunlight. The bottom one, which is 
separated from the top one by a layer of flowing water and spacers, 
is black, to absorb the sunlight. The sheets remain equidistant from 
each other at all points. They are roughly 3’ x6’ in area and 1/16” 
or 1/8” thick. The layer of water and spacers is roughly 1/8” to 
1/4”. The spacers are thin strips which run parallel to the direction 
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of water flow. They prevent the sheets from bowing due to water 
pressure or collapsing prior to installation. The 6’ long sides are 
sealed with plastic extrusions. At both 3’ ends water enters and 
exits through headers, made of machined 1”x1” plastic square bar. 
A complete package of design drawings is provided in Appendix A 
for large scale implementation in developing nations.

Fabrication: To fabricate the solar collector, the black plastic 
and the clear plastic sheet were cut to a rectangular shape of 12 
inches wide by 23 inches long (Figure 1a). After which, plastic 
spacers were cut from the plastic strips. Two were cut to 23 inches 
long, to line the long edges of the panel, and one was cut to 14 inches 
to provide a center support in the middle of the panel (Figure 1b). 
Next, the headers were fabricated. For the headers, two pieces of 

the plastic bar were milled using a CNC milling machine. The length 
was milled to a value of 14 inches. Then a slot was milled out of the 
center of one of the faces of the bar, the slot width was ½ an inch 
and the slot depth was ½ an inch was well. Then a ½ inch diameter 
hole was drilled from the back face of the block through to the half 
inch slot, creating a port for the water to pass through (Figure 1c). 
Once the two headers were made, the next step was to go about 
making the side braces. The same material that was used for the 
headers, was used for these braces. To make these side braces, two 
pieces of the plastic bar were milled to a length of 22 inches. From 
there a slot was milled completely through the length of the entire 
piece, with a slot width of ½ inch and a slot depth of ½ and inch 
(Figure 1d).

Figure 1: (a)12”x23” Black/clear plastic sheet, (b)Spacer, (c)Header, (d)Side brace.

 

Once all the parts are acquired, solar water heater was 
assembled using epoxy. First, the black plastic was bonded to the 
spacer strips, using the epoxy. The orientation of the two long strips 
bonded along the long edges was used, with the smaller support 
strip being bonded to the center of the panel. Next, the clear panel 
was bonded to the spacer strips, creating a three-layer system, with 
the spacer strips pressed in between the black and the clear panel. 
After the epoxy had cured, the 22-inch side braces were introduced. 
These pieces were milled to have a very tight fit, so epoxy was not 
necessary. These side braces were to run along the 23-inch edges 
of the panels, with the three layers being pressed into the ½ inch 
slot of the braces. The braces were also offset ½ of an inch off of 
the end of the panels, leaving 1.2 of an inch of extension out of each 
end of each brace. Subsequently, the headers were introduced. Both 
headers were pressed onto either short end of the panels, with the 
outlet holes being on opposite sides, this was to induce cross flow 
of water from left to right. Finally, the tubing was pressed into each 
hole, one length of tubing was cut to ¼ of the size of the other. After 
this, a hole was drilled in the bucket and the longer length of tubing 
was bonded to the bucket, lining up with the hole. Finally, silicone 
was used to line all seams providing a good, robust, waster tight 

seal. Figure 2 shows the image of the assembled collector without 
the tubing or the bucket.

Figure 2: Assembled solar collector.

Theoretical analysis

Figure 3 displays a portion of the solar collector where the solar 
collector can be analyzed theoretically. The collector consists of a 
transparent plate on top to allow for the passage of solar radiation 
and a black plate on the bottom to absorb and transfer the solar 
radiation. In between these two plates is a layer of flowing water 
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that absorbs the heat from the surface of the black plate through 
convection. Therefore, the black plate serves as an energy transfer 
mechanism to absorb the sun’s radiative energy and re-radiate it as 
thermal energy into the flowing water. The black plastic absorber 
plate is the key to the novelty of the proposed design. 

Figure 3: Basic energy balance on collector plate.

To analyze the thermal performance of certain embodiments 
of the present “flooded-plate” solar collector, we consider a steady 
state analysis heat transfer equilibrium. The energy balance depicts 
the amount of useful energy received from incoming solar radiation. 
This basic energy balance is shown in Equation 1:

  
u in loss

Q Q Q= −
                           

(1)

where u
Q =Useful Energy=rate of heat transfer from 

collector plate to the working fluid, W

in
Q =rate of heat incident on collector plate, W

loss
Q =total rate of heat loss from the collector plate to the 

surroundings, W

Determination of in
Q

 * *
in cov c

Q Qτ α=                                 
(2)

where  
covτ = effective solar transmittance of collector 

cover (Transparent Plastic)

   cα  = solar absorbance of the collector plate (Black 
Plastic)

    Q  = Energy Incident on Panel= *
tot c

I A

 
tot

I  = total solar irradiation per unit area. W/m2

 cA  = Area of collector plate, m2

Collector Heat-Loss loss
Q

( )   * *       c aloss c c
Q U A T T= −

                     
(3)

where 
c

U =the total overall heat loss coefficient =  
top bottom

U U+

top
U =losses from the top of the collector. 

bottom
U =losses from the bottom of the collector.

c
T =Temperature of Collector

a
T =Temperature of Ambient (outside) Air

The heat losses from the top of the collector can calculated with 
the empirical equation developed by for other similar systems, 

however for our design further tests would have to be conducted on 
the prototype to obtain a more accurate value. The heat losses from 
the bottom of the collector include losses through the insulation 
and ambient air.

Determination of useful energy 
u

Q

To determine the useful energy, the rate of heat transfer from 
the collector plate to the working fluid, we can solve the general 
energy balance equation by inputting 

in
Q  and out

Q  into Eq 1. This is 
shown in Eq 4.

( )* * * * *  c au cov tot c c c
Q I A U A T Tcτ α= − −

                       
(4)

Alternatively, the useful energy gained by the water can 
be calculated based on the change of inlet and outlet water 
temperatures, Eq 5.

( ), ,* *         f in f outu p
Q m c T T= −

                             
(5)

Where m=mass flow rate through the collector.

 pc =average specific heat of water.

 ,f in
T =Inlet water temperature.

 ,f out
T =Outlet water temperature.

Combining these two equations gives us a possibility of finding 
,f out

T , such that:

( ) ( ), ,* * * * * * *f in f out c ap cov c tot c c c
m c T T I A U A T Tτ α− = − −

                
(6)

Considering other factors of efficiency and simplifying the 
equation, one can obtain a full relationship, Eq 7, to describe the 
amount of heat being absorbed by the water. This is known as 
the famous Hottel-Whiller-Bliss Equation [41]. R

F  is the ratio of 
actual rate of heat transfer to the working fluid to the rate of heat 
transferred at the inlet fluid temperature?

( ) ( ), ,* * * * * *  f in f out cov c tot c c ap c R
m c T T A F I U T Tτ α− = −  −

                       
(7)

The test result below gives experimental data related to the 
proposed design.

Efficiency of System (η )

The Efficiency of System is defined as:

 /      
u

Q Qη =
                                                  

(8)

Test result

Prototype test: 

A. Date: Last week of August

B. Exposure Time: 12:37pm EST -1:27pm EST (Daylight 
Savings Time)

C. Address: 105 Lock Street Newark, NJ, USA

D. Latitude: 40˚44’33”

E. Longitude: 74˚10’54”

F. Equation of Time Factor (B): °=





 −
°=






 −
°= 2198.160

364
81243360

364
81360 nB s
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G. Equation of Time (EOT): EOT=9.87sin(2B) -7.53cosB 
-1.5sinB=-6.2861+7.0857-.5076=.2920 [min]

H. Local Solar time (LST): LST=Standard Time  + 
EOT

 = Standard Time + .2920=Standard Time+19.9312 
[min]

=> Standard Time ≈ LST–20[min]=LST– (1/3) [hours]

I. Hour Angle (h): h =  [degrees] => LST =  
[Hours]

J. Sun’s Declination (δ ): δ  = = 
( )1403.sin 1− =8.0624˚

K. Hour Angle at Sunrise/Sunset ( hs ): hs  = ( )δλ tantancos 1 −−

 
= ( )122.cos 1 −−  = 97˚

L. Local Solar Time at Sunrise/Sunset (LSTs): LSTs = [Hours] 
= 5.53 at sunrise, 18.47 at sunset [hours]

M. Standard Time at Sunrise/Sunset (Standard Time s): 
Standard Time s=LST–1/3=5.2 at sunrise, 18.14 at sunset [hours]

N. Daylight Savings Time (Clock time) at Sunrise/Sunset: 6.2 
at sunrise, 19.14 at sunset [hours]

O. Solar Incident Angle on a horizontal surface (
s

θ ): 

( )δδθ sinsincoscoshcoscos 1 LLs += −

P. Solar Azimuth Angle ( sϕ ): sin cos cos sin cosh1cos
sins

s

L Lδ δ
θ

=
 −−Φ   
 

Q. Difference angle (γ ): γ  = ps ϕϕ −

R. Solar Incident Angle on a tilted surface ( i
θ ): 

( )γαθαθθ cossinsincoscoscos 1
ssi += −

S. Solar Irradiation on surface normal to sun (GND): GND = 

( )sB
A

θcos/exp

T. View Factor Between Surface and Sky (FWS): FWS = 
9557.

2
cos1

=
+ α

U. Diffuse solar irradiation (GdH): GdH = (C)(GND) = 
.134(GND)

V. Diffuse solar irradiation incident on panel (Gd): Gd = 
(FWS)(C)(GND) = .128(GND)

W. Total irradiation incident on panel (Gt): Gt =  GNDcos i Gdθ +

Figure 4 shows variations in irradiation values with the 
time of day and Table 1 shows the calculated solar data for the 
demonstration period. Average total irradiation incident on panel 
during demonstration period (G)

=
++++++++

=
9

309310312313314315315316316G 313 [ Btu/hr-ft²]

Figure 4: Solar insolation.

Figure 5: Prototype set up.
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Table 1: Calculated solar data-demonstration period.

LST Standard 
Time

Clock 
Time

h [de-
grees]

θs [de-
grees] φs [degrees] γ [de-

grees]
θi [de-
grees]

GND 
[Btu/hr-

ft²]

GdH 
[Btu/hr-

ft²]

Gd 
[Btu/
hr-ft²]

Gt [Btu/hr-
ft²]

12 11.67 12.67 0 32.68 180 0 8.38 283 38 36 316

12.1 11.77 12.77 1 32.71 182.75 2.75 8.51 283 38 36 316

12.2 11.87 12.87 3 32.79 185.49 5.49 8.88 283 38 36 315

12.3 11.97 12.97 4 32.92 188.22 8.22 9.46 282 38 36 315

12.4 12.07 13.07 6 33.11 190.92 10.92 10.22 282 38 36 314

12.5 12.17 13.17 7 33.35 193.59 13.59 11.13 282 38 36 313

12.6 12.27 13.27 9 33.65 196.23 16.23 12.14 282 38 36 312

12.7 12.37 13.37 10 33.99 198.83 18.83 13.24 282 38 36 310

12.8 12.47 13.47 12 34.38 201.38 21.38 14.4 281 38 36 309

Field test results: The collector was placed at an angle, with 
the front face of the panel angled towards the sun. Next, the bucket 
was placed with a specific height in mind. It was necessary that the 
bucket was placed so that the lowest point of the water in the bucket 
was about 2 inches above the highest point of water in the collector. 
After the bucket was properly placed, the outlet tube, which would 
provide the heated water, was placed in the bucket, forming a circuit 
between the panel and the bucket itself. The thermometer was then 
placed in the bucket ready to measure bucket water temperature. 
Finally, the water was introduced to the system, being poured into 
the bucket. Once the reservoir was filled to 75% of the total volume, 
the water flowed down one tube, and into the panel. Figure 5 shows 
set up of the panel prototype. 

The temperature of the water in the bucket and that of outlet 
heated water was measured with a digital thermometer (Model# 
DPT392FC, General Tools & Instruments) and recorded every five 
minutes. Once the thermal siphon had started, the system was kept 

operational for about another 45 minutes, to ensure that extended 
use would not change any results. Figure 6 show the temperature 
readings. The solar heat produced hot water that was 11.7 °C hotter 
than the water in the inlet. During the test period of 50 minutes 
produced approximately 28.4L of hot water. 

Demonstration Panel Area (A):

A=Exposed black plastic area-center supports area 

A=25in x 43in - 3(3.14) in²=1065.6 square inches 

A=7.4 [ft²]

Total Energy Incident on Panel During Demonstration Period (
*  Q t )

[ ]* 313  / ²   7.4 ²   50 / 60  Q t Btu hr ft x ft x hour   =   −

[ ]*  1930 Q t Btu=

Figure 6: Variation of inlet and outlet temperature with time.
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Total Energy Change of System Due to Exposure During 
Demonstration (  

*
s

Qu t ): 

( ) ( ), ,*  * * *  * *  f in f outQu t m t c T T V c Tp pρ= − = ∆

[ ] ] [* 62.1 / ³ 5 1.5 / 1 ³/7.4805 1 / 21. ]1Qu t lb ft x buckets x gal bucket x ft gal x Btu lb F x F          =  

[ ]*  1314Qu t Btu=

Efficiency of System During Demonstration (η ):
  *  / *   1314 / 1930 68.08%Qu t Q tη = = =

Required Panel Size Calculations:

Assumptions Made to Calculate Required Panel Size:

A. Panel is meant to be used in geographic locations with 
daily solar insolation curves comparable in intensity to the solar 
insolation curve generated herein.

B. Water entering the panel in the morning is 55 ˚F.

C. Water is to be heated up to 120 ˚F by 5:00pm (Daylight 
Savings Time or Clock Time) by the panel alone.

D. The volume of water is 80 gallons

E. The heating time is 10.63 hours (6:22am to 5:00pm).

F. Performance of a larger system will be equivalent to or 
better than system used during demonstration.

Average total irradiation incident on panel during assumed 
exposure period (Ga):

 Ga=Average between 6:22am and 5:00pm= 213 / ²Btu hr ft−  

Required Panel Area Based on Assumptions for 
One Embodiment of the Present Invention (Ap): Ap = s

( )
][28

][63.106808.]/[213

][55120]/[
48052.7

1][80]/[1]/[1.62
2

2

33

ft
hoursxxfthrBtu

FxgalftxgalxFlbBtuxftlb

tG
TVc

a

p =
−

°−°
=

∆

∆

η
ρ

 

Results and Discussion

The sun emits radiation in the form of visible light at 
wavelengths of 0.2-4 micrometers. One aspect of the present 
invention, a transparent plate, will allow a certain percentage of 

this light to pass through. The light will then pass through a thin 
layer of water in the internal space between the transparent plate 
and the opaque or black plate. As light is absorbed by the surface 
of the black plate it will heat up and emit long-wavelength infrared 
heat, 4-100 micrometers. The opaque black plate absorbed the 
radiation energy from the sun because of the black color. This 
physical property allowed it to collect a large amount of the 
incident energy on its surface. Since the opaque plate is made of an 
insulating material, the heat did not transmit through the material 
but instead transferred to the more conductive flowing water. The 
process in which the water absorbed the heat from the black plate 
is called convection. The transparent plate creates a greenhouse 
effect in which the short length visible light wavelengths can pass 
into the collector while a portion of the long wavelength infrared 
wavelengths (heat) is contained in the sealed collector and 
transferred to the water.

The most popular solar water heaters in the market are copper 
flat plate collectors. A flat plate collector consists of a large black 
copper plate with thin black copper pipes running length-wise on 
top of the plate. Water travels through the thin black copper pipes. 
In this copper design, the solar radiation hits the copper plate 
and due to the high conduction of copper the heat is transferred 
into the water. Copper is ideal for these flat plate collector designs 
because of its high thermal conductivity, however, it is very costly 
and difficult to manufacture. Skilled labor is required to weld the 
copper parts together.

Proposed design is completely made from plastic and glued 
by epoxy. Plastic has replaced metals in many industries (i.e. 
automobiles) because it is less costly then metals. Therefore, the 
main advantages over current systems in the market would be 
reduced cost and ease of manufacturing. The manufacturing costs 
of our plastic solar water heater design in comparison to some 
solar water heaters in the market are displayed in Table 2. The test 
results showed that the solar water heater was able to increase 
the outlet water temperature by 11.7 °C and produced a flow rate 
of 34L per hour. The efficiency (68.03%) of using this design and 
material is comparable or better than that of conventional ones, yet 
the cost of black Plexiglas solar water heater is much lower than 
that of copper (13.7%).

Table 2: Manufacturing cost comparison of solar water heaters*.

Model Area Manufacturing Cost Manufacturing Cost per Unit Area

Our Plastic Design 3’x6’=18sqft $50.00 $2.77

AET Morning Star Series 3’x7’=21sqft $396.0 $18.86

Stiebel Eltron SOL25 Plus 4’x7’=28sqft $564.3 $20.15

*Comparison based on size of plates not the performance. Manufacturing costs are considered to be 100% of the retail 
value.
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Summary and Conclusion

The proposed solar water heater includes a solar collector of 
surface area of a 1.67m2, with a storage tank capacity is 10.6L and 
the piping of connections. The solar collector includes a flat plate 
absorber composed of black plastic sheet. The collector is covered 
with transparent plastic sheet with a surface area of 1.67m2 and 
a thickness of 6.35mm. This collector is thermally insulated at 
the back and on sides by plastic extrusions. The proposed solar 
water heater produced outlet hot water 11.7 °C hotter than inlet 
water and produced a flow rate of 34L per hour. The experimental 
results show an efficiency of 68.03% for sunny days. The cost of 
black Plexiglas solar water heater is much lower than that of copper 
(13.7%)

This solar water heater realized will permit reduction in 
greenhouse gas emission if the electric water heaters for example 
are replaced by solar water heaters in residential, hospitals and 
hotels. The reduction in consumption of natural gas due to the 
use of proposed solar water heater would result in reduction of 
environmental pollution and our system will also allow reducing 
the consumption of nonrenewable energy sources. It will help 
the protection of the environmental and help in curbing poverty 
in developing nations. A complete package of design drawings is 
provided for large scale implementation in developing nations.
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