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The main purpose of the association Dévelopement Futé et Raisonné is to col-

laborate with needful population by sharing its knowledge with the intention of in-

creasing their living conditions, in particular for the children. The main fields of the 

organization are: education, health and construction in an aim of a smart and sustain-

able development accessible to everybody. 

 

The aim of the present manual is to make anyone able to construct by himself a 

domestic solar water heater. It takes place in a project that has got the willingness of 

giving to everyone the possibility to access to some essential facilities and technolo-

gies by using themselves simple materials and techniques. 

 

There are many types of solar water heaters, with different materials, prices, 

advantages and disadvantages but we will only present one of these in this manual. 

However, to be the most exhaustive possible we will also present in the end some 

other materials and different ways to do the construction of a solar water heater 

(chapter V/ Different solutions and materials). 

 

This manual can be copied, distributed and used freely and cannot be sold by 

anyone. Its content is anyway under the copyright of Développement Futé et Rai-

sonné (DFR).  

 

DFR declines any responsibility from whatever could occur while constructing 

or using a solar water heater and does not give any warranty on this product. 

 

We invite anyone who would like to help this project to do so. It can be by giv-

ing new ideas, by sharing experiences, or simply by giving us a feedback about this 

manual. 

 

If you made a solar water heater with the help of this manual (even in parts) 

PLEASE send us some pictures of it on our E-mail address.  

 

DFR team. 

 

Postal address: Association DFR, 572 Chemin du Viget, 30100 Ales, FRANCE 

 

Web site: www.dfrassociation.com  

 

E-mail address: SWHmanual@dfrassociation.com 

 

 

INTRODUCTION  
 

http://www.dfrassociation.com/
mailto:SWHmanual@dfrassociation.com
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I/ SOLAR WATER HEATER  WITH THERMOSIPHON  
 

1) Solar Water Heater, working principles 
 

 A solar water heater is made of two different parts: the solar panel, which is 

using the energy of the sun to heat the water, and the hot water tank, which contains 

the water and keep its heat inside. 

 

 
 

2) The solar panel 
 

 A solar panel is a box with a window over it and some water (or another fluid) 

circulating inside. The sunrays passing through the window are heating this water. In 

our case, we will use metal pipes inside the panel to make the water circulate. 

 

To increase the solar panel efficiency, it is necessary to do several things. 

 

First we paint the pipes in black color to absorb a maximum of energy from the 

sunrays. 

Then we set a metal sheet under the pipes, and we paint it in black. This sheet 

will also absorb some energy and give it to the pipes by conduction (contact). It will 

also heat the air inside the panel by convection. 

Finally, because the box is hermetically closed, it is creating a greenhouse ef-

fect. This will heat the air trapped inside the panel. To increase this phenomenon, we 

will insulate the solar panel. By this way we can limit the loss of heat inside it. 
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 Therefore, the water is going to heat because of three factors: 

-By direct radiation because of the sunrays passing through the window. 

-By conduction because of the metal sheet which is giving its heat to the pipes. 

-By convection because of the greenhouse effect created by the window and the her-

metic box. Indeed, the air inside the panel will increase in temperature and heat the 

pipes. 

 

 

3) The hot water tank 

 
 The hot water tank is simply a container with thermal insulation around it. The 

size of the water tank and the quantity of hot water depends on the size and the effi-

ciency of the solar panel. If you want to use a bigger tank to heat more water, you 

will need a bigger solar panel, or several panels connected together.  

 So, the most important part of a hot water tank is its insulation. Its aim is to 

limit the heat losses. By this way, the solar water heater efficiency is increased in the 

day and it is possible to keep the water hot during the night. 

 

 

4) Water circulation principle:  the thermosiphon 
  

 A solar panel must heat the water that is inside the tank. To make this possible 

you have to create a circulation of the water between the panel and the tank. One pos-

sibility could be to install a water pump (a motor) on the system, but this needs some 

electricity (which can be a big problem in many parts of the world). However, the 

nature is well made and has provided us the quite interesting thermosiphon phenome-

non. 
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 To explain it a bit theoretically, the water expands itself while heating (its vo-

lume increases). That means if you fill two identical bottles, one with water at 20°C 

and the other one at 80°C, the first one will be heavier. It is this phenomenon that we 

will use to make the water circulating in our solar water heater. 

 

 Now imagine that the hot water tank is connected to the solar panel and placed 

above it. The sun will heat the water inside the panel so this water will become ligh-

ter and will go up in the water tank. And the water in the bottom of the tank, which is 

the coldest and so the heaviest, will go down in the panel and start to be heated. This 

creates a circulation that allows the solar panel to heat all the water inside the water 

tank. 
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II/ MATERIALS AN D TOOLS REQUIRED 
 

1) Information  
 

The solar water heater that will be presented here has been developed specially 

for Nepal. So the materials used in its constructions will be easy to find almost eve-

rywhere in Asia. For others parts of the world, some changes will certainly have to be 

done. This system has also been developed for tropical countries and cannot be in-

stalled if the temperature may be below 0°C (problems of frost).  

 

All the dimensions given in this manual are only for indication and can be 

changed. Nevertheless, they have been chosen on one hand for the optimization of the 

materials and on the other hand to make the dimensioning easier. Indeed, one panel is 

developed to heat 100L of water. Then, each solar panel can be connected with 

another one to increase the amount of water to heat. For example, if you want to heat 

300L you will have to connect three panels together. 

 

In every step of the construction, you will be informed that you can use differ-

ent materials from the ones presented here. If you want to know more about the 

alternative materials you can use, please refer each time to chapter V/ Different solu-

tions and materials. 

 

If you have any doubts the picture of some materials and tools can be 

found in Annex. 

 

2) Materials 

 

Prices and mate rials for a Solar Water Heater (100 to 150 liters; 1 
panel; 1,7 square meters) in NEPAL (Sauraha, Chitwan)  

        

Materials  

Quant i-

ty  Unity price (Rs* )  

Price 

(Rs)  

        

Pipes        

        

GI pipes 1/2inch * 6m (good quality)  3 785  2355  

GI pipes 1 inch * 1m (good quality)  2 300  600  

Hole making and Welding  1 1000  1000  

        

    Total pipes:  3955  

        

Panels        

        

Zinc sheet ( thickness 0,3mm or more ) 4*8 feet  1 750  750  

Aluminum sheet (0,1mm or more ) 4*8 feet  1 550  550  

Glass windo w 89*107cm thickness min. 5mm  2 600  1200  
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Plywood sheet 3*7 feet (thinnest)  1 220  220  

Plastic sheet opaque 1m*2,5m  2 150  300  

        

    Total panels:  3020  

        

Insulation        

  (Meters)  (per meter)    

Plastic foam thickness 12mm ***  12  150  1800  

Plastic foam thickness 8mm ***  3 110  330  

        

*** ( comes by big rolls of 1,4m high )  

        

    Total insulation:  2130  

        

Water tank        

        

Thick plastic tank for chemicals (100 to 150 liters)  1 1000  1000  

Second hand metal sheets for the tank box  1 500  500  

Garden pipe 1/2inch * 2m  1 100  100  

Tank Nipple 1inch  2 180  360  

Tank Nipple 3/4inch  1 140  140  

Tank nipple 1/2inch  1 90  90  

Toilet valve system 1/2inch  1 180  180  

        

    Total water tank:  2370  

        

Connections:        

        

PEHD pipes 1inch * 5m  1 250  250  

GI Elbow 1inch  6 80  480  

GI Socket 1inch  4 70  280  

GI Nipple 1inch * 3inch  2 45  90  

GI Nipple 1inch * 2inch  4 35  140  

GI Male cap 1inch (to close pipe)  2 30  60  

GI Union 1inch  4 115  460  

GI Nipple 3/4inch * 3inch  1 35  35  

GI Nipple 3/4inch * 2inch  3 25  75  

GI Nipple 3/4inch * 9inch  2 140  280  

GI Union 3/4inch  1 100  100  

GI Elbow 3/4inch  1 60  60  

GI Socket 3/4inch  1 50  50  

GI Male cap 3/4inch (to close pipe)  1 20  20  

GI Tee 3/4 inch  1 80  80  

Ball Valve 3/4inch  1 20 0 200  

Non -Return Valve 3/4inch  1 250  250  

GI Nipple 1/2inch * 3inch  2 30  60  

GI Nipple 1/2inch * 2inch  2 25  50  

GI Union 1/2inch  1 80  80  

GI Elbow 1/2inch  1 50  50  

GI Socket 1/2inch  3 40  120  

GI Male cap 1/2inch (to close pipe)  1 10  10  

Ball Valve 1/2inch  1 10  10  
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    Total connections:  3290  

        

Others :        

        

Glass sealant (silicone clear ) tube 200ml  2 180  360  

Black board paint 0,5L  1 100  100  

Aluminum  foil (for cooking) (*9m)  3 75  225  

Grinding paper (1 square foot more or less )  1 20  20  

Turpentine oil 0,5L (to wash paint)  1 60  60  

Sach et  of small rivets (repeat)  1 40  40  

Electric scotch tape  10  6 60  

Plastic string 20m  1 50  50  

Iron wire 0,5kg  1 50  50  

Threading tape (PTFE, Teflon)  10  10  100  

Wood glue (Fevicol) 125mL  1 50  50  

Round metal fixer  2 10  20  

One dozen of nails of several sizes  1 20  20  

Epoxy putting (in case of leaking)  1 45  45  

        

    Total others:  1200  

        

    TOTAL  15965  

        

Standing Iron Structure        

        

Iron + welding to hold one panel  1 700  700  

Iron + welding to hold the water tank  1 1400  1400  

Metal primer 200mL  1 110  110  

        

    Total structures:  2210  

 

*Rs: Nepalese Rupees. 1Rs = 0,01ú more or less in 2010 

 

 

ALWAYS TRY TO RECYCLE ! 
 

A lot of these materials can be found in ósecond handô (wood, metal sheets, 

pipes, insulation...). By recycling the maximum of materials it is possible to decrease 

considerably the cost of your solar water heater. Some examples are given in the end 

of this manual in chapter V/ Different solutions and materials. The estimated price of 

a solar water heater realized with a maximum of recuperation materials is also given 

in Annex. 
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3) Tools 
 

Tools required or useful  
  

Sharp knife * Not compulsory  

Paper cutter  

Rubbing paper  

Big Hammer (2 pieces)  

Pipe wrench (2 pieces)  

Metal saw  

Paint brush  

Pliers  

Metal scissors  

A piece of GI pipe ½ inch  

Board pen  

Pieces of wood of several sizes  

Measuring tape  

Silicon pistol*  

Riveting-machine (repeat gun)*  

Hand or electric drill*  

Thermometer*  

Threading machine*  

Metal square (right angle)*  

Welding machine*  

Drilling machine*  

Vice*  

Spanner*  
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III/ EXPLANATIONS AND CONSTRUCTION TIPS  

 
1) Preparation and location 

 
First of all, we advise you to read entirely this manual, at least in its great lines, 

before starting the construction or buying any materials. 

 

You also must choose the capacity of your future solar water heater to know 

the materials you have to buy or find. If you want more than one solar panel (so more 

than 100 or 150 liters of hot water), please refer to chapter V/ Different solutions and 

materials. To have more idea about the usual water consumption we give you this 

table. 

 

 

Then, you must find the place where will be installed your solar water heater. 

 

There are major things that have to be considered to choose this location, in or-

der of importance: 

-The security: you donôt want your solar panels to be damaged by any animals, fall-

ing branches etc. It should also be out of reach of children. 

-The sunlight availability: a good place will have full sun 8 hours per day. 

-The location of the hot water outlet. The distance between the solar water heater and 

the hot water outlet (shower for example) has to be the shortest possible to minimize 
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the heat losses. 

-The location of the cold water supply. If you minimize the distance between it and 

the solar water heater you will decrease the price of the connection pipes. 

 

 You should also consider that the tank needs to be high enough to have a suffi-

cient pressure of water. So it is better to have your solar water heater at least one 

floor over the showers. 

 

We also advise you to make the welding of the pipes and eventually of the 

standing structures before starting the construction, because it could take some time. 

Please refer to III/2)c/ The pipe system and III/4)a/ Standing structures, inclination). 

 

 You can also choose a place where you can find a way to hold your panel(s) 

or/and hot water tank without constructing any standing structure; this will consider-

ably decrease the price of your installation. 

 

 

2) Construction of the solar panel 

 

a/ Global pattern 
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b/ Construction of the box 

 
Tools and materials: 

-Two hammers (or a riveting-machine)    

-Few pieces of wood 

-Metal scissors 

-Board pen 

-Measuring tape 

-Right angle (not compulsory) 

-Small rivets 

-Few nails 

 

 To make the box in which will be placed the pipe system, you could use many 

different materials, as will be explain in the end of the manual (V/Different solution 

and materials). In this example, we will use a zinc sheet (length: 8feet, width: 4feet, 

thickness 0,3mm). It has the advantages to be light, stainless and easy to work on. 

 

 The zinc sheet will be used for several parts of the panel, thatôs why the first 

thing you should do is to cut it as below: 

 

 

Now you can take the ófuture boxô and keep the others pieces somewhere else. 

You are going to fold this zinc sheet to give it the form of a box. 

 

The outside dimensions of our future box are: length: 210cm, width: 89cm, 

height: 8cm and a flap to place the window: 3cm. 

 

123cm 

244cm 

6cm 

12cm 

FUTURE BOX 

FUTURE COVERS FOR THE BOX (C) 

OTHER 

USE 

232cm 

111cm 
C 

C 

C 
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You can start by drawing this matrix on your previously cut zinc sheet: 

 

 
 

Then you only have to cut on the crossed lines and to bend the zinc on the 

straight lines. You can use a straight piece of wood to make the folding. 

 

 It is easier to start to bend the widths of the sheet (smallest sides) and to do the 

borderlines first (the 3cm flaps to put the windows over). And then you can do the 

lengths, but still starting by the flaps. 

 

Be careful: the folding will be different for the upper part and the lower part of 

the box, as explained in the following. 
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 This is a little zoom on the upper and lower sides of the box. Their different 

forms are made to prevent water infiltration inside the box (look how they cover each 

others).  

 

Once the box is ready, you have to place the rivets. So you should first make a 

hole in the sheet with a nail of the size of your rivet (you should place a piece of 

wood under the zinc to prevent from deformation). If you donôt have a riveting-

machine (repeat gun), you can use two hammers (and a piece of wood to adjust the 

height) to fix the rivets, as on the picture below. 

Up 

Down 

Upper part 

Up 

Down 

Lower part 
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  Your box should look like this when finished: 

 

  

 The glass windows will be fixed with some silicon glue on the flaps of this 

box. Thatôs why we are going to add some little covers over it to protect the silicone 

and help to prevent any water infiltration. 

 

 These covers will be 3cm over the windows and on the sides, so they have a 

total width of 6cm. And if you have cut the zinc sheet as explained before you al-

ready have some long pieces of zinc of 6cm width so you only have to cut them at the 

right size. 

 

 The top one should be 109cm long (89cm of the box width and 10cm more on 

each side to place the rivets). The two sides ones 220cm long (210 length of the box 

and 10cm more to place the rivets on the last piece). The last one, which will be 

down, will be simply the width of the box: 89cm. 

 

89cm 10cm 10cm 

6cm 
3cm 

210cm 10cm 

89cm 

Sides (2 pieces) 

Up Down 
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Then you only have to fold on straight lines and to cut on the crossed lines; and 

then to rivet everything together as below. We advise to make it 0,5cm longer every-

where to be sure it will fit around the panel. 

 

 

 

Up 

Upper part 

Down 

Lower part 

Up 

Down 

Up 

Down 

Sides 
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c/ Insulation 

 
Tools and materials: 

-Blade or knife 

-Metal saw    

-Measuring tape 

-Metal pliers 

-Board pen 

-Paint brush (after use donôt forget to wash with turpentine oil, then soap and water) 

-Sticking tape 

-Plastic foam 12mm thickness (4 meters) 

-Aluminium foil (9 meters) 

-Plywood sheet 3*7 feet (thinnest) 

-Black board paint 0,5L 

 

 Now the box is ready, the next step is to insulate it. We will use some polye-

thylene foam (thickness 12mm), easy to find in Nepal. As always, we could use many 

different materials (and more ecologic) to make this insulation. To know more about 

it please refer to chapter V/ Different solutions and materials. 

 

We will make two layers (24mm of insulation); you can put three layers if you 

want to increase the insulation. Actually you can put even more if the temperature 

where you leave can be low (but never under 0°C with this kind of solar water 

heater!). 

 

 You have to place the foam on the borders and then on the bottom of the box. It 

is better to make the four sides of the border with a single piece of foam, as below. 
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This is for the first layer. For the second one, you should place the pieces of 

foam so that they cover each other (so always starting by the borders) as below: 

 

 

Then you may cover this insulation (bottom and borders) with some alimentary 

aluminum paper (it helps to keep the heat by sending back a part of the infrared rays 

emitted by any hot corpse). One side of the paper is brighter; you have to put it on the 

top. 
 

 

 

 

You can use some little pieces of sticking tape to fix it. 
 

 

 

8 cm 

3 cm 

First layer of insulation 

Second layer of insulation 


