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INTRODUCTION

The main purpose dhe associatioDévelopement Futé et Raisoriaé&o cd-
laborate with needful population by sharing its knowledge with the intention of i
creasinghar living conditions in particular for the children. The main fields of the
organization are: educationealth and construction in an aim of a smart and sustai
able development accessible to everybody.

The aim of the presenmtanual is to make anyone able to construdtimself a
domestic solar water heatértakes place in a project that has got theimgthess of
giving to everyone the possibility to access to some essential facilities and ¢technol
gies by using themselves simple materials and techniques.

There are many types of solar water heaters, with different materials, prices,
advantages and disaahvtages but we will only present one of these in this manual.
However, to be the most exhaustive possible we will also prestrd endsome
other mateals and different wagto dothe construction of a solar water heate
(chapteVv/ Different solutiongind materials)

This manual can be copied, distributed and used freely and cannot be sold by
anyone. Its content is anyway under the copyrigidéfeloppement Futé et Ra
sonngDFR).

DFR declines any responsibility from whatever could occur whiletngeisg
or usinga solar water heater and does not give any warranty on this product.

We invite anyone who would like to helpis project to do sdt can be by gi-
ing new ideas, by sharirexperiences, or simply by giving us a feedback about this
manua

If you made a solar water heater with the help of this manual (even in parts)
PLEASE send us some pictures of it on oun&l address.

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

Web sitewww.dfrassociation.com

E-mail addressSWHmanual@dfrassociation.com



http://www.dfrassociation.com/
mailto:SWHmanual@dfrassociation.com

I/ SOLAR WATER HEATER WITH THERMOSIPHON

1) Solar Water Heater, working principles

A solar water heater imade of two different partshe solar panel,which is
using the energy of the sun to heat the water tlaathot water tank, which contaiis
the water and keep its haaside
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Tank & |/ Water
Water ——_. ) tank
| Keep
the water hot
s‘f "/ {_ ‘,_z"i.
panel S ————

Heat the water

2) The solar panel

A solar panel is a box with a window over it asamewater(or another fluidl
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 tovdoadehings.

First we paint the pipes in black color to absammaximumof energy from the
sunrays.

Then we set a metal sheet under the pipes, and we paint it in black. This sheet
will alsoabsorb some energy and give it to the pipes by conductiora@thrit will
also heat th air inside the panel by conviect.

Finally, becauséhe box is hermetically closed is creating a greenhousk e
fect. This will heat the air trapped inside the panel. To increase this phenomenon, we
will insulate the solar peel. 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 directradiation because of the sunrays passing through the window.
-By conduction because of the metal sheet which is gitgngeat to the pipes.
-By convecion because of the greenhouse effect created by the window and-the he
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 awtainer with thermal insulation around it. The
size of the water tank and the quantity of hot water depends on the size and the eff
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 sealgpanels 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 duttegnight.

4) Water circulation principle: the thermosiphon

A solar panel mudteat the watethat isinside the tank. To make this possible
you have to create a circulation of the water between the panel and the tanksOne po
sibility could be to insdll 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 inter¢sgngposiphorphenone-
non.
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To explain ita bittheaetically, the water expands itself while heating (iis v
lume increases). That meahgou fill two identical bottles, one with water at 20°C
and the other one at 80°C, the first one will be healties this phenomenon that we
will use to make the wateirculating in our solar water heater.

Now imagine thathe hot water tank is connected to the solar panel and placed
aboveit. The sun will heat the water inside the panel so this water will become lig
ter and will go up in the water tank. And the arain the bottom ofhe tank, which is
the coldest and so the heaviegt| go down in the panednd start to be heatethis
creates a circulation that allows the solar panel to heat all the water inside the water
tank.

Cold water
Going down

(heavier)

S ——a) Hot water
Solar ' Godugup
// g // (less heavy)

panel /7 = =/

CIRCULATION BY THERMOSIPHON



I/ MATERIALS AN D TOOLS REQUIRED

1) Information

The solar water heater that will be peated here has been develoggecially
for Nepal. So the materials used in its constructions will be easy to find alneest ev
rywhere in Asia. For others parts of the world, some geanvill certainlyhave to be
done. This system has also been developed for tropical countrieaandt be n-

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

All the dimensions given in this manual are onlyifatication and can be
changed. Nevertheless, they have been chosen on onddrahe optimization of the
materialsand on the othdrandto make the dimensioning easier. Indeed, one panel is
developed to heat 100L of water. Then, each solar panel can be connected with
another og 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 tltat can use diffe-
ent materials from the ones presented herédf you want to know more about the
alternative materials you can use, please edeh timdo chaptevV/ Different sali-
tions and materials

If you have any doubts he 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)
Quant i- Price
Materials ty Unity price  (Rs*) (Rs)
Pipes
Gl pipes 1/2inch * 6m (good quality) 3 785 2355
Gl 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




Plywood sheet 3*7 feet (thinnest)
Plastic sheet opaque 1m*2,5m

Insulation

Plastic foam thickness 12mm ***
Plastic foam thickness 8mm ***

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

Water tank

Thick plastic tank for chemicals (100 to 150 liters)
Second hand metal sheets for the tank box

Garden pipe 1/2inch * 2m
Tank Nipple linch

Tank Nipple 3/4inch

Tank nipple 1/2inch

Toilet valve system 1/2inch

Connections:

PEHD pipes linch * 5m

Gl Elbow linch

Gl Socket linch

GI Nipple linch * 3inch

Gl Nipple 1inch * 2inch

Gl Male cap 1linch (to close pipe)
Gl Union linch

GI Nipple 3/4inch * 3inch

Gl Nipple 3/4inch * 2inch

Gl Nipple 3/4inch * 9inch

Gl Union 3/4inch

Gl Elbow 3/4inch

Gl Socket 3/4inch

Gl Male cap 3/4inch (to close pipe)
Gl Tee 3/4 inch

Ball Valve 3/4inch

Non -Return Valve 3/4inch

Gl Nipple 1/2inch * 3inch

Gl Nipple 1/2inch * 2inch

Gl Union 1/2inch

Gl Elbow 1/2inch

Gl Socket 1/2inch

Gl Male cap 1/2inch (to close pipe)
Ball Valve 1/2inch

(Meters)
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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
Sachet 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: Nepales&kupees 1 Rs moreOr,le@slini2010
ALWAYS TRY TO RECYCLE!
A | ot of these matearoinadl h amal K evofoaun

pipes, insulation...). By recycling the maximum of materials it is possible to decrease
considerablythe cost of your solar water heat®ome examples are given in the end

of this manual in chaptéf/ Different solutiongnd materialsThe estimated price of

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



3) Tools

Tools required or useful

Sharp knife

Paper cutter

Rubbing paper

Big Hammer (2 piecgs
Pipe wrench (2 pieces)
Metal saw

Paint brush

Pliers

Metal scissors

A piece of Gl pipe ¥z inch
Board pen

Pieces of wood of several sizes
Measuring tape

Silicon pistol*
Rivetingmachine (repeat gun)*
Hand or electric drill*
Thermoneter*

Threading machine*

Metal square (right angle)*
Welding machine*

Drilling machine*

Vice*

Spanner*

* Not compulsory
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I/ EXPLANATIONS AND CONSTRUCTION TIPS

1) Preparation and location

First of all, we advise you to read entirely this malnat least in its great lines,
before starting the constrtion or buying any materials.

You alsomustchoose the capacity of your future solar water heater to know
the materials you have to buy or find. If ymant more than one solar panel (so more
than 100or 150liters of hot water), please referc¢bapterV/ Different solutions and
materials To have more idea about the usual water consumption we give you this
table.

Estimates requirements of hot water per
application

Application Typical Requirement of Hot
Water at 60°C.
Household bathing using buckets 10-20 liters per person per bath
Household bathing using shower with a mixing tap | 15-30 liters for 5-10 minute shower
Shaving, while a tap runs 5-10 liters

Household bathing in bathtub (one filling, depends |75 - 100 liters

on size)
Wash basin with a mixing tap (hand wash, brush- | 1-5 liters per person per day
ing of teeth, etc.)

Kitchen washing 10-20 liters per washing
Dishwasher 40-50 liters per wash cycle
Clothes washing machine 40-50 liters per wash cycle

Note: All the estimates are given for hot water at 60°C. This hot water has to be mixed
with cold water to bring down its temperature to endurance limits. Mixing will also increase
quantity to actually required values. You can decrease these amounts by using carefully
your hot water.

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

There aremajor things that havi® be considered to choose this location,rin o
der of importance:
-The security: you dondét want vyourl- sol a
ing branches etc. It should also be out of reach of children.
-The sunlidnt availability: a good place will have full s@&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 watsupply If you minimize the distance between it and
the solar water heater you will decrease the price of the connection pipes.

You should als@onsiderthat thetank needs$o be high enougto have a suff
cient pressuref water. So it is better to have yoswlar water heatet least one
floor over the showers.

We also advise you to make the welding of the pipes and eventually of the
standing structures before startiing constructionbecause it could take some time.
Please refer ttl/2) c/ The pipe systeand Ill/4)a/ Standing structures, inclinatign

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 standingcturethis will conside-
ably decrease the price of your installation

2) Construction of the solar panel

a/ Global pattern

Cover

Box el

— Finc sheet

BN nsulation QO 61 Pipes % inch
cenns Aluminium Foil s Aluminium Sheet
. wm Phywood Glass
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b/ Construction of the box

Toolsand materials:

-Two hammers (or a rivetingpachine)
-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 mand@ifferent solution
and material3. In this example, wavill use a zinc sheet (length: 8feet, width: 4feet,
thickness 0,3mm). It has the advantigebe light,stainlessand easy to work on.

The zinc sheet wildl be used for seve
thing youshould do is to cut it dselow.

244cm
A
OTHER C W 12cm
USE FUTURE COVERS FOR THE BOX (C
123cm
C FUTURE BOX
111cm
C
\ 4 )
6cm 232cm

Now you can t ak ekedpthesothérs pietes Soreewlheteex 6 a n
You are gang tofold this zinc sheet to give it the form of a box.

Theoutsidedimensions obur future box are: length: 210cm, width:c89,
height: 8cm and a flap tdare the window: 3cm.

13



You can start by drawg this matrix on youpreviously cutzinc sheet:

FLAP
l e 1 3 /" i
! 4 & 4
- BORDER 1
i g
Down 2 INSIDE OF THE BOX Up
-
=
] s ’
)
' LPY] = l'f £
- L e
3 8 210 B3
4 »
232 cm

Then you only have to cut on tbeossedines and to bend the zinc on the
straight lines. You can usestraight piece of wootb make thdolding.

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 owend thenyou can do the
lengths, but still starting by the flaps.

Be careful: thefolding will be different for the pper part and the lower part of
the box,as explained in the following.

14



Lower part

Down

This is a little zoom on the upper and lower sides of the box. @Htgrent
forms aremade to prevent water infiltration inside the box (look how they cover each
others).

Once the box is readypu have to place the rivetSo you should first make a
hole in the sheet with a nail of the size of your rivet (gbauldplace a piece of
wood undethe zincto prevent from deformationlf. you d o rhéaveariveting-
machine (epeat gu)y you can use two hammers (and a piece of woedljigst the
height)to fix the rivetsas on the picture below.
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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. That s why we ar e @welittogprotecbthessiticdne s 0 me
and help to prevent any water infiltration.

These covers W be 3cm over the windows arah the sidesso they have a
total width of @m. And if you have cut the zindset as explained befoyeu 4d-
ready have some long pieces of zinc of 6cm width so you only have to cut them at the
right size.

The top oneshould be 108m long (89cm of the box width and & more on
each side to place the rivet3he two sides ones @2m long (210 length of the box
and 1@m more to place the rivets on the last piece). The last one, which will be
down, will be simjy the width of the box: 8&m.

10cm 89cm ~10cm ) 89cm ,
6ch } 3cm
Up Down
10cm, 210cm
Y
\

Sides (2 piecs)
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Then you only havéo fold on straight lines and to cut on the crossed lines; and
thento rivet everything together as below. We advise to make it Oléogerevery-
whereto be sure it will fit around the panel.

Up

Sides

Lower part Upper part
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¢/ Insulation

Toolsand materials:

-Blade or knife

-Metal saw

-Measuring tape

-Metal pliers

-Board pen

-Paint brush éfterused o n 6t f o r g durpentinoil, thanssbap and waler)
-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 talage it. We will use some pady
thylene foam (thickness 12mm), easy to find in Nepalalways, we could use many
different material¢and more ecologidp make this insulation. To know more about
it please refer tahapteV/ Different solutions and matials.

We will make two layers (24mm of insulation); you can put three layers if you
want to increase the insulationc#yally you can put even more if the temperature
where you leave can be Idwut never under 0°C with this kind of solar water
heater!).

You have to place the foam on the bordeis tien on the batm of the box. It
is betterto make the four sides of the border with a single piece of faarbelow.
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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 boaddysjow

3cm

8cm

. First layer of insulation

. Second layer of insulation

Then youmaycover this insulation (bottom and borders) with some alimentary
aluminumpaper (it helps to keep the heatdendingoack a part of the infrared rays
emitted byany hot corpse). One side of the papdirighter; you have to putan the
top.

You canuse some little pieces efickingtape to fix it.
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