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ABSTRACT IN ENGLISH 

The subject of my capstone design project is to minimize the power consumption of the domestic 

electric water heaters by designing an innovative capping layer. For this, several steps had to be 

considered in order to successfully complete the objective of the project. First of all, a 

background study of the history of water heaters was conducted to understand the water heating 

technology and its diverse types. Then, a literature review was carried out to differentiate 

between a simple water heater that can be made at home, and a professional electric water heater. 

Afterwards, an energy audit was performed on a domestic electric water heater 

“CHAFFOTEAUX CHX 50 R”, by the "Shelly Plug S" outlet. The results show that an average 

of 22.89 kWh is consumed per week, which is equivalent to 91.56 kWh per month, and 1098.72 

kWh per year. To reduce this consumption, the use of a “Steatite Resistance” and the relocation 

of the inlet and outlet pipes was examined. Following this study, the implementation of an 

innovative insulating capping layer made of sheep’s wool was an optimal solution for the 

minimization of the power consumption of the domestic electric water heater. In addition to that, 

a 3D design was built using SolidWorks. Finally, a STEEPLE analysis was developed in order to 

get an idea about all the external factors that can affect the project. 

Keywords: Minimization, Power consumption, Steatite Resistance, Capping Layer, Sheep’s Wool.  

 

 

 

 

 

 

 



9 
 

ABSTRACT IN FRENCH 

Le sujet de ce projet de fin d’étude est de minimiser la consommation d’énergie des chauffe-eaux 

électriques en concevant une innovante couche de recouvrement. Pour cela, plusieurs étapes ont 

dû être considérées afin de mener à bien la mission de ce projet. Tout d'abord, une étude sur 

l'histoire des chauffe-eaux a été menée afin de comprendre le développement des chauffe-eaux au 

fur et à mesure du temps, et leurs différents types. Ensuite, la revue littéraire effectuée a permis 

de différencier entre un chauffe-eau simple qui peut être fabriqué à la maison, et un chauffe-eau 

électrique professionnel. Par la suite, un audit énergétique a été réalisé sur un chauffe-eau 

électrique domestique «CHAFFOTEAUX CHX 50 R», par la prise «Shelly Plug S». Les résultats 

montrent qu'une moyenne de 22,89 kWh est consommée par semaine, ce qui équivaut à 91,56 

kWh par mois, et à 1098,72 kWh par an. Pour réduire cette consommation, l'utilisation d'une 

«Résistance Stéatite», et le changement de l’emplacement des tuyaux d'entrée et de sortie ont été 

examinés. Suite à cette étude, une couche de recouvrement en laine de mouton a été mise en 

place, ce qui représente une solution optimale pour minimiser la consommation du chauffe-eau 

électrique domestique. De plus, une conception 3D a été construite à l'aide de SolidWorks. Enfin, 

une analyse STEEPLE a été développée afin d’avoir une idée sur tous les facteurs externes 

pouvant affecter le projet. 

Mots clés: Minimisation, Consommation d’Energie, Résistance Stéatite, Couche de 

Recouvrement, Laine de Mouton. 
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I. INTRODUCTION 

Water heater is an invention that has made human life easier. Thanks to an energy source, cold 

water can be transformed into hot water in a period of time. This source can come from 

electricity, gas, or even solar energy. Since the study of this capstone will be done on a domestic 

electric water heater, we will focus on the electric water heaters of type “Storage Water Heater 

(Tank Type).” This type of water heater is the most used in houses, because it does not require a 

large investment, and can be found in different volumes. On the other hand, the majority of users 

complain about the high power consumption of these machines, which represent the matter we 

are interested in.  

The purpose is to reduce this consumption while keeping the same rate of usage. For this, an in-

depth study must be carried out to understand the operation of these domestic electric water 

heaters. Furthermore, this study aims to distinguish the different materials that the heaters are 

composed from, inside and outside, and to make changes on the electric water heaters. The study 

and the design of the innovative capping layer will help reducing the power consumption, thus, 

decreasing the amount of electricity bills. 
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II. METHODOLOGY  

The purpose of this capstone project is to minimize the power consumption of the electric water 

heater by using an innovative capping layer (insulator). In this scope, to reach the project’s 

ultimate objective, this report will follow a typical procedure: 

 Initially, the first chapter “The Invention of Water Heaters” will contain a background of 

the development of water heaters as well as the progress they undergone throughout 

history, and the diverse types of modern water heaters used nowadays.  

 The second chapter “Literature Review” is a study of the simple water heaters that can be 

designed at home, and professional water heaters of known brands, such as (LG, 

Chaffoteaux, and Fagor). In this chapter, we will compare between the two types of water 

heaters, and examine their divergences. 

 The third chapter “Energy Audit of an Electric Water Heater: Chaffoteaux CHX 50 R” is 

an energy audit of my domestic electric water heater “Chaffoteaux CHX 50 R”. This 

energy audit will be conducted thanks to “Shelly Plug S”, a device used to measure the 

power consumption, daily and weekly. 

 The fourth chapter “Study of an Effective Inside for Electric Water Heaters” will discuss 

the possible changes inside the electric water heaters. These changes are the use of a 

different type of resistance and the relocation of the pipes. 

 The fifth chapter “Study of the Outside of Electric Water Heaters” is an in-depth analysis 

of the outside of the electric water heaters. In this study, a new capping layer will be 

designed in order to insulate the electric water heater from outside. 

 The sixth chapter “The 3D Design of the New Electric Water Heater”, shows all the 

changes performed on the electric water heater from inside and outside. 
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CHAPTER 1: BACKGROUND OF THE INVENTION OF WATER 

HEATERS 

1. History of Electric Water Heaters 

Electrical water heater has seen an evolution throughout history. Water heating has always been 

essential in human’s life; most water has been heated through fire, and since families needed 

heated water to bathe and to use it on a daily basis inside the house. Before using any kind of 

water heating process, people used to struggle to heat water, and ended up heating water in big 

metal tubs and boil it in pots in order to bathe or wash clothes. [1] 

Water heater was first created back in London, in 1868, by Benjamin Waddy, his water heater 

used gas, but since it heated too much, it was dangerous and could not be used in a house. The 

first attempt was clever but not efficient, but then an electrical engineer named Edwin Rudd came 

in the scene with a water heater that can be used for domestic utilities. He was able to fix 

Waddy’s issue by adding a pipe that will let out the surplus of gas that can be dangerous if 

clogged. [2] 

Even though Rudd was able to make a functioning water heater, it was still lacking in many 

areas. It was only in the early 1900, when technologies improved, that electric water heaters were 

created. Electric water heaters came during the golden era and are the most modern ones. [2] 

Extremely used in today’s households, it is essential to know its usage. So first of all, it is similar 

to the gas water heater since its main function is to heat cold water, but the difference is that it 

transfers heat from electric elements to water. 

2. Types of Water Heaters  

One type of water heaters is the standard tank, which is the most common for domestic usage. 

The tank has two elements that transfer heat to water. The high efficiency tank is one that is 

prone to damage.[3] 

The second one is “high efficiency tank”: these tanks represent a large tank that will eventually 

be reused as another highly efficient one which is obviously none other than the original. [3] 



13 
 

Hence, the large one is the hybrid heat pump water heater since it uses the ambient air 

temperature to preheat the water. It functions well in houses as it saves energy better than the 

other ones, and is considered as better than the standard one because it does not waste energy and 

is less costly for domestic use. [3] 

Still, we can say that hybrid water heaters have some deficiencies such as a definite place in order 

to function properly, as well as, the noise it makes that can bother people around it. If those 

deficiencies do not really bother households, then it is a win-win situation because it will help 

reduce the energy usage and pay less water heating bills.  

Those three are the most common, but there are also other water heaters such as: 

- Tankless water heater function without a tank, but rather, it heats with super-heated coils. 

It is efficient since water rapidly gets heated, and if the house has a lot of individuals, it is 

the best choice to purchase. Even though there is no tank, it is mandatory to clean it, to 

avoid mineral scale. [4] 

- Solar powered heater consists of taking the energy directly from the sun. It is the most 

efficient out of all of them, since it will rely on solar panels. [4] 

 Both the tank and solar panels need to be maintained in order to avoid any kind of 

deficiency. It uses less energy and is environmentally friendly. [4] 

- There is also the condensing water heater that uses natural gas to heat water. Its function 

is simple, it is similar to the traditional one since it has a tank, but it uses gas fumes that 

go through a coil which is at the bottom of the tank to heat the water. [4] 

 

The installation is important because if it is not done well, it can have consequences on the 

energy use and cost even more than the initial amount. So, for plumbers to install a residential 

water heater, they need a permit according to the plumbing codes mandate. It is essential to verify 

if the water heater is big enough to be able to sustain the hot water volume. If not, then it is better 

to change it and found one that will be better and have a bigger tank for more water. We need to 

check for the warranty, because some electric water heaters can be expensive both in cost and 

dimension. Especially when it is for residential matters, it needs to be affordable and the warranty 

terms are found written on the water heater.  
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Then, we need to verify the “drain valve”, which is found in the bottom of the water heater. Its 

purpose is to pipe the water heater before conservation, in other words, it is to make it lighter 

before changing its place. The drain valve can be either made of plastic or brass, and both of 

them are cost efficient. [4] 

On another note, the consumption of electric water heaters in Morocco is important, many 

families use the gas or electric water heater. The following table is an example of the production 

for hot water systems in Morocco: 

Table 1: Comparative Analysis of Production for Hot Water Systems in Morocco. [5] 

 
Electric Water Heater  Gas Water Heater  Solar Water Heater  

Investment in MAD 

Cost over 20 years in MAD  
1700 41,000  2,000 24,000  9,000 9,000  

Sustainability Warranty  5 to 8 years 3 years  5 years 1 year  15 to 20 years 8 years  

CO2 emission in g/kWh  900  300  0  

 

The next graph represents the global electric water heaters market in United States: 

 

Figure 1: Global Electric Water Heaters Market by Application (2012-2022). [6] 

 We can see in the Graphic that the Residential usage has always been extremely used, 

more than the commercial one, but the more the years go, the more the commercial usage 

is growing. 
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CHAPTER 2: LITERATURE REVIEW 

1. Simple Water Heaters 

1.1. Components of a Homemade Water Heater 

In real life applications, there are two types of water heaters: the homemade or simple water 

heater, and the professional one. In the upcoming sections, we will tackle the major differences 

between the two.  

When it comes to the homemade water heater, we can find diverse types with different water 

heating mechanisms, and for different purposes. The one I will discuss is made of several 

components: 

From [7] 

 22 gallon barrel with removable led. 

 External heating element. 

 Cheap coffee maker (extract the reservoir from it, and make two holes on its back that are 

connected to  water lines). 

 ¼ heater hose.  

 Pond /aquarium pump (50 gph).  

 ½ inches CPVC fittings and adaptors. 

 4 rubber grommets (1/2 ID). 

 12 V pump. 

1.2. Steps To Build a Homemade Water Heater 

In order to build a water heater several techniques can be used. Here is one of those techniques 

that we can adopt to make a homemade water heater in a camping area for example:   

The first step is to get 10 feet of a high pressure hose that will be fit into the pump pipe using a ½ 

CPVC fittings and adaptors. After this, we will make two holes into the lid: the first one is for 

pumping the outlet into the heating elements, and the second one is the hole from which the 

outlet of the heating element will return back to the barrel. [7] 
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Also, we will need two additional holes in the bottom of the barrel: the first one for the cold 

water inlet, which is12 inches from the bottom of the barrel, and the second one is for the hot 

water outlet, which is 3inches from the bottom of the barrel. The next step is to match the 

grommets to the holes in the lid and the barrel. [7] 

 Next, the ½ inches CPVD pipe needs to be cut into 12 inches and 6 inches in order to match the 

holes in the barrel and the lid respectively. We will then need to insert the CPVC pipes into the 

four grommets, and open the primers. [7] 

Afterwards, the left outlet needs to be extracted to the heating element inlet, the right outlet needs 

to transport the heating elements outlet to the barrel, and the hot water will come out from the 

water outlet and go through the 12 V pump. [7] 

Finally, we need to put the modified coffee maker, without the reservoir, on the top of the barrel. 

Also, in order to avoid leaking, it is better to add two extra holes on the back of the modified 

coffee maker. [7] Now, our homemade water heater is ready to function, and can be  used to get 

hot water. 

2. Professional Electric Water Heaters 

2.1. Components of a Professional Electric Water Heater 

Each electric water heater is made up of several elements that help turn cold water into hot water. 

The following figure shows the interior of the electric water heater: 
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Figure 2: Inside of an Electric Water Heater. [8] 

Most of the professional water heaters have a cylindrical shape that contains several elements:  

DIP TUBE: Cold water flows through the dip tube from the top of the tank to the bottom of the 

tank to be heated. Once the water heated, the dip tube transmits the hot water to the top of the 

tank. [9] 

ELECTRIC HEATING ELEMENT: The electric heating elements heat the water inside the 

tank. Most of the electric water heaters contain two heating elements: one at the top within the 

tank, and another one at the bottom. [9]   

HEAT-OUT PIPE:  It is installed at the top, inside and outside the heater, and allows the hot 

water to leave the electric water heater. [9] 

THERMOSTAT:  Electric water heaters can contain one or two thermostats depending on the 

type of the heater. But the majority of electric water heaters are composed from an upper and a 

lower thermostat, each one for a heating element. [3] It allows turning on the heating elements to 

heat the water and works as a temperature controller. [9] 

T&P VALVE: The temperature and pressure valve works on keeping the heat and temperature 

stable. It insures the good functioning of the heating to prevent damages. [10] 

DRAIN VALVE: It is situated at the bottom of the tank and allows it to get rid of any residues or 

dregs. [4] 
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INSULATION: Insulation helps to conserve the heat from loss. [10]  

ANODE RODE: It prevents from corrosion, and can be made of magnesium or aluminum. [9]    

POWER SUPPLY: Since this is an electric water heater, the power supply is mandatory to 

provide the heater the electricity. [10] 

TANK: The tank is found in all tank type electric water heaters, it contains insulation layers, and 

its role is to store the water. [9] 

2.2. Functioning of a Professional Electric Water Heater 

The mechanism of electric water heaters is simple. The cold water enters the tank, and is 

transformed into hot water by the heating elements located inside the tank. [9] The temperature is 

regulated by the thermostat that controls the degree of the temperature (the recommended 

temperature degree is around 62° C). [9] 

The thermostat is in an indirect contact with the water, and the resistance controlled by the 

thermostat allows the heat to be exported by thermal conduction or diffusion, due to the 

difference of temperature between the two regions. [11]  

The pressure relief valve ensures that the pressure is stable for the smooth running of the 

operation. Finally, if hot water is needed, the cold water inside the tank gets heated. Then, the hot 

water exits the tank via the hot water outlet. [11]  

3. Difference Between a Homemade Water Heater and a Professional Electric 

Water Heater 

The differences between a homemade water heater (the one we discussed before as an example) 

and a professional electric water heater are: 
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Table 2: Difference between Homemade Water Heater and Professional Water Heater. 

 

From the table we can see that the homemade water heater uses less than 1200 W in comparison 

with the professional electric water heater that uses at least 1200 W. Here we can understand that 

the professional one cost more than the simple one. Concerning the place of usage, the 

homemade water can be used in camping or hunting cabins areas or any place where hot water is 

not available.  

Unlike the professional electric water heater, the simple water heater cannot be use is households. 

A simple water heater takes around 6 hours to reach a temperature of 120°, meanwhile, the 

professional one takes only 2 hours to fully heat the water at this temperature.  Also, the risk of 

damage of the simple water heater is very high compared to the professional one that is very safe.  

 For the duration, the homemade water heater lasts for a short time because its components are 

weaker and do not contain insulation: a very important component that protects the heater against 

heat loss.  

Lastly, since the simple water heater is handmade, it is cheaper than the professional one that 

requires more material to be built, hence, a bigger investment. Based on these observations, we 

can conclude that the professional water heaters consume more power, require more investment, 

but they provide a bigger heating capacity in a short time under safety conditions.   
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CHAPTER 3: ENERGY AUDIT OF AN ELECTRIC WATER 

HEATER “CHAFFOTEAUX CHX 50 R” 

1. Information about the Heater “CHAFFOTEAUX CHX 50 R” 

The electric water heater that I will be using to calculate the energy consumption is the heater 

installed in my house. This electric heater is from the "Chaffoteaux" brand. It has been tested at 

16 bar treated by enameling at 800 ° C, and has an oversized magnesium anode protecting the 

water heater against corrosion. [12] Also, it is available in horizontal and vertical version, and 

includes an on-off warning light, a thermometer, and an outside temperature adjustment button. 

[12] Finally, its insulation is in thick polyurethane. [12] The following table represents its 

technical sheet with all the characteristics:  

Table 3: Technical Sheet of “CHAFFOTEAUX” [12] 

 

2. Information about “Shelly Plug  S” 

In order to calculate the power consumption of the electric water heater of my house, it was 

important to use a device on which I will rely to calculate this energy consumption. In fact, 
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several methods and smart devices exist. For this case, we chose to work with the "Shelly Plug 

S". The two figures below represent the "Shelly Plug S", and the major technical specifications of 

the device:  

 

Figure 3: Shelly Plug S. 

 

 

  Figure 4: Specification of “Shelly Plug S”. [13]  
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“Shelly Plug S” is device used to measure the absorption of electricity of any in-home appliance, 

and its installation and functioning consist of following steps: 

First of all, the initial step to do is to plug the "Shelly Plug S" into another “type F” outlet. [13] In 

my case, the outlet will be my electric water heater’s socket. This will allow the control of the 

electric water heater and its electricity consumption. 

After plugging “Shelly Plug S” into the electric heater outlet, the smart device needs to be turned 

on (a red and blue flashing light must appear) in order to access to the Wi-Fi that should be 

registered in the Shelly Cloud application. [13] 

Afterwards, we need to add the "Shelly Plug S" Wi-Fi as a device. This step is very necessary to 

be identified in the “Shelly Cloud” application.  

Finally, we should create a room in order to have access to the various services of "Shelly Plug 

S", which are as follows:  

 We are able to connect to any Wi-Fi, so that it can work as an access point. [14] 

 We can decide to turn on or off the “Shelly Plug S” directly from the application. [14]  

 The application can connect with any type of device: Android, IOS… [14] 

 We can use several devices with only one “Shelly Plug S”, and measure the consumption 

of all the devices at the same time. [14] 

 We can use the time when to calculate the power consumption of the devices. [14]  

  “Shelly Plug S” can measure the consumption for each hour, day, week, as we can 

customize the exact consumption period we would like to analyze.  

3. Power Consumption of the House 

Several methods exist to measure the energy consumption of an electric water heater, but the 

percentage of error is obvious. For this, the use of the “Shelly Plug S” allows receiving efficient 

results of the power consumption in kWh. The consumption analysis took place between the 7 

March 2021 at noon, and the 14 March 2021 at noon. The electric water heater was plugged for 4 

hours to 5 hours a day. The table below demonstrates the power consumption of this week:  
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Table 4: Power Consumption of One Week. 

 

 

 This table clearly demonstrates the power consumption of the electric water heater of my 

house “CHAFFOTEAUX 1200W / 50L,” that is plugged for 4hours to 5hours on a daily 

basis for one week of consumption. The figure below shows the graph of the results :  

 

 

                Figure 5: Graph of the Power Consumption of One Week.  
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 From this graph, we can see that the power consumption differs from one day to another, 

depending on the rate of usage. Also, we can notice that the highest power consumption 

(3.91 kWh) was on 14 March 2021, and the lowest power consumption (2.11 kWh) was 

on 14 March 2021.  

 All the calculations show that the total energy consumed by the electric water heater 

“CHAFFOTEAUX CHX 50 R” is 22.89 kWh. 

 If we want to estimate the total power consumption on a monthly basis, the result will be 

(22.89 * 4), which give us a total of 91.56 kWh / month.  

 If we want to estimate the total power consumption on an annual basis, the result will be 

(91.56 * 12), which give us a total of 1098.72 kWh / year.  
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CHAPTER 4: STUDY OF AN EFFECTIVE INSIDE FOR 

ELECTRIC WATER HEATERS 

After analyzing the inside of electric water heaters and their mechanism, it is important to discuss 

the first part of the subject of this capstone which is: "MINIMIZATION OF ELECTRIC WATER 

HEATER’S CONSUMPTION". To be able to achieve this objective, the change of the location 

of the interior material and its dimensions is required.  

As it was already mentioned in the previous sections, the water heater consists of several 

important parts that ensure its proper functioning. Most water heaters have two pipes, one for the 

entry of the cold water, and the other one for the exit of the hot water. These pipes are generally 

located at the top or the bottom of the tank. Also, the inside has two heating elements that heat 

the water, at the top and the bottom of the heater. Each of the two elements has a thermostat that 

sets and controls the temperature. 

The operating system of the electric water heaters is very beneficial for everyone, because it 

provides us with hot water throughout the house. On the other hand, the power consumption of 

the domestic electric water heaters represents more than 15% of the monthly electricity bill. For 

this, some changes can be made on the inside material of the water heaters to minimize this high 

consumption. In this section, we will discuss the possible equipment that can be change within 

the domestic electric water heaters. 

1. The Resistance or the Heating Elements 

The majority of electric water heaters contain a resistance called in French "Une résistance 

thermo-plongée", which is made of stainless steel. This latter is in a direct contact with water, and 

is generally quickly affected by the limestone (sediment) [15], which justifies its short duration.  

Although this type of resistance is equipped with a magnesium anode which reduces corrosion, it 

is necessary to maintain it every two years to ensure its optimal performance. Otherwise, the 

sediments are accumulated in the bottom of the tank and damage the resistance, which causes a 

longer duration of the heating time, and a higher consumption of electricity. The following figure 
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represents "Une résistance thermo-plongée" of a 50L electric water heater that corroded with 

time:  

 

Figure 6: Resistance Affected by Corrosion.  

Generally, the resistance of a 50L domestic electric water heater is 1200W, with a height of 

400mm, a diameter of Ø 40mm, and the voltage of its anode is 220V. [16]  

To solve the problem of limestone, there is a more effective type of resistance, which is called in 

French "Une résistance stéatite". This resistance is not in a direct contact with water, because it is 

composed of soapstone, which is a mineral element. It is wrapped in an enameled steel scabbard 

which protects it from the water, and prevents the limestone from accumulating. In addition, this 

resistance has a magnesium anode that protects the resistance against corrosion. [17] Even if this 

type of resistance is more expensive, this operating system gives the resistance "Résistance 

stéatite" a longer life than the resistance "Résistance thermo-plongée", and helps minimizing the 

consumption of electricity.  

In the following parts of this capstone design, we will focus on the design of a 50L domestic 

electric water heater, with a height of 56cm, a depth of 48cm, a diameter of 46cm, and a width of 

46cm. For this, we need to choose the right resistance that will be in an indirect contact with 

water. The idea is to design a resistance of 1200W, with a height of 340mm, and a diameter of Ø 

30mm. This design will be located at the bottom of the tank, exactly in the middle. [18] The 

dimensions of this resistance and its capacity will adapt perfectly to the electric water heater. 
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2. The Inlet and Outlet Pipes of the Electric Water Heater 

Each electric water heater has two copper pipes: one for the cold water, and the other for the hot 

water. These pipes are generally located at the bottom of the electric water heaters. The cold 

water inlet pipe enters from the bottom of the tank, and is heated by the resistance. Hot water 

begins to accumulate at the top of the tank, and through a hot water extraction pipe, water is 

drawn from the top to the bottom where the hot water outlet pipe is located. All this system is 

controlled by a safety group which ensures that there is no excess of pressure. [19] The next 

figure shows the inlet and outlet pipes positions of a 50L electric water heater:  

 

Figure 7: Inlet and Outlet Pipes.  

Generally, for an electric water heater of 50L, the two pipes have a height of 6cm each, with a 

diameter of 16mm each. Also, the hot water extraction pipe takes approximately the same height 

of the tank. For example, if the tank of the electric water heater is 56cm; which is the case of the 

domestic electric water heater of my house, the extraction pipe will have a height of 50cm.  

It is possible to provide another structure for the location of the pipes. This technique consists of 

putting the cold water inlet pipe at the bottom of the tank, and the hot water outlet pipe at the top 

of the tank. In this case, we will not need the hot water extraction pipe, because the outlet pipe 

will be located directly in the hot water area. This will minimize the risks of heat loss. In addition 
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to that, the contact of the extraction pipe with water can cause corrosion, so the non-use of this 

pipe, will reduce the risks of limestone, which implies a better functioning of the electric water 

heater. For this technique, the inlet and outlet pipes will have a height of 5cm each, with a 

diameter of 20mm each.  

3.   The Effectiveness of the Design  

In order to verify the effectiveness of the methods proposed in the previous section, it is 

important to analyze the operation of electric heating. 

In our design, the water heater has two pipes. The first inlet pipe provides the electric water 

heater with cold water. This cold water enters from the bottom of the empty tank, and fills it 

simultaneously. Thanks to the electric resistance “résistance steatite”, the cold water is 

automatically heated. Actually, the Joule effect allows the heat to be released by the passage of 

an electric current through a conductive material. [20] The electrons that circulate in the 

conductive material (which is in our case the stainless steel), cause a vibration of the atoms of the 

stainless steel, which results in an increase of the temperature. [20] The purpose of Joule’s Law is 

to insure that the electrical circuits are protected. The heat can be controlled by the following 

Joule’s Law [20]:  

H = R x I2 x t 

Where:   

H: The heat (J).  

R: The resistance of the material (Ω).  

I: Intensity of the current flowing in the material (A).  

t: The time in which the current flows through the material (s).  

When the water is heated, it gets accumulated at the top of the tank so that it does not get mixed 

with the cold water, which is at the bottom of the tank. This phenomenon is called the 

stratification method. When water is heated, its density becomes lower compared to the cold 
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water. It therefore becomes lighter, and gains height, unlike the cold heavier water that remains at 

the bottom of the tank. [21] The density can be represented by the following formula: [22] 

P = m / V    

Where:  

P: Density. 

m: Mass. 

V: Volume.  

The following figure represents the stratification method: 

 

Figure 8: Stratification Method. [23] 

As we can see in the figure, the different water temperatures form layers that are not mixed 

together. In order to maintain the balance of the layers, a jet breeze is installed at the end of the 

cold water inlet pipe within the tank, to control the pressure.  

Thanks to the stratification method, the hot water outlet pipe, that is located at the top of the tank, 

will extract the hot water that can be used for daily needs. 

Another very important point that we have to talk about in our design is the thermal change in the 

internal temperature of the water. This change is caused by four factors: [24, p:33] 

- The heating of the water by the resistance. 

- The cooling of the water which takes place in a natural way. 
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- The hot water consumed. 

- The thermal conduction: it represents the internal transfer of heat from two regions of different 

temperatures that are in contact. 

During the stratification, three thermal zones are created: a cold zone, a mixed zone, and a hot 

zone. The cold zone is in contact with the cold water inlet region, the hot zone is linked to the hot 

water outlet, and the mixed zone is located between the two cold and hot zones. In order to verify 

the stratification of our model, two factors must be considered: [24,p:35] 

- The resistance must be placed in the middle at the bottom of the tank. 

- Heat losses must be identified in each zone. 

Our stratified model that consists of only one resistance has the same number of thermal zones as 

an electric water heater of two heating elements. The following figure represents a model of an 

electric water heater of two elements, stratified into thermal zones. 

 

Figure 9: Diagram of a Model Electric Water Heater Stratified into Thermal Zones. [24] 
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In order to estimate the temperature of each zone, we need to solve the general equation of the 

energy balance: [24,p:35] 

 

Here:  

mzone = The mass flow of the zone. 

Cp,zone= Specific heat capacity of the zone. 

dTzone / dt = Temperature difference. 

Qflow,zone = The heat exchanged in the system in each zone. 

Qloss, zone = Heat loss by natural convection related to ambient temperature. 

Qf, zone = Heat exchanged between the zones of the tank by conduction of the mass flow of 

water in each zone. 

QH, zone= The energy supplied by the heating element (the resistance) in each zone. 

Where: [24,p:35] 

 

Here:  

P = Density. 

Wr = The water flow rate per hot water use per hour (L I h). 

Tin and Tamb = The cold water inlet temperature and room temperature respectively. 

G = The coefficient of heat loss of the water tank with the environment. 
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For the hot zone: [24,p:35] 

 

For the mixed zone: [24,p:35] 

 

For the cold zone: [24,p:35] 

 

Where:  

TM = Temperature in mixed zone.  

TH = Temperature in hot zone.  

TL = Temperature in cold zone.  

Gsc, zone = Coefficient of the loss of each area of the water tank and the environment.  

Qf, zone = The heat exchanged between the zones of the tank by conduction of the mass flow of 

water in each zone.  

Ks, zone = The conduction coefficient of the mass flow rate of the water in each zone. 
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 Thanks to these equations, the energy balance for the three zones of the tank can be 

defined. As we can know the heat exchanged between the zones of the tank by the 

conduction of the mass flow of the water in each zone.  

 Also in these equations, we can observe that there is a quantity of heat loss coming out 

from each particular zone. Actually, this is the goal of our project: the minimization of 

heat loss. This is by designing an outer insolating capping layer, which will help us 

reduce the heat loss, thus, minimize our energy consumption. 
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CHAPTER 5: STUDY OF THE OUTSIDE OF ELECTRIC 

WATER HEATERS  

1. Outside Components of the Electric Water Heaters 

In order to minimize the heat that is lost by the electric heater operating system, the outside of the 

heater should be studied. In an electric water heater, there are two essential elements that resist to 

the temperature and the corrosion: an insulating foam, and a tank.  

The insulating foam is located inside the tank, and its mission is to minimize the thermal heat 

loss. Generally, for an electric water heater of 50L, the thickness of the insulating foam is 20mm. 

[25] This latter is composed of polyurethane that belongs to the large and diverse family of 

polymers and plastics. [26] The Polyurethane foam is characterized by small cells that enclose a 

gas that is poorly conductive from a thermal perspective. [26]This is what makes it very efficient 

for thermal insulation, thus, a good conductor for heat. The next figure represents the 

Polyurethane foam:  

 

 

 

Figure 10: Polyurethane Foam. [27] 
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One of the main disadvantages of the Polyurethane foam is that it is toxic if the heat in the room 

is too high. The gases released have a harmful effect on long-term health. Also, it does not have a 

good resistance to time, which means that it is efficient only for a small period. [28] 

The second very important element of electric water heaters is the tank. The essential role of the 

tank of a water heater is to be a water storage tank, and in this sense, to be constantly filled with 

water. The tank can be made of different materials such as the stainless steel or the plastic.  

The stainless steel tank: offers remarkable corrosion resistance, meets the most rigorous hygiene 

criteria and is recyclable. The stainless steel is durable and resistant to extreme temperatures. On 

the other hand, its price remains expensive, and is heavy. [29] 

The plastic tank: Only small capacity tanks (low volume water heaters) can be made of plastic, 

because it is less resistant to pressure. The advantage of plastic tanks is that they are less 

expensive. [29] 

For our design, it is preferable to opt for a type of tank with another material; the composite 

tanks. They are made of synthetic materials reinforced with glass fibers. Their capacity to resists 

the temperature and corrosion is as effective as the steel tank. Also, they have the advantage of 

being lighter than the steel tanks. [29] That is why, the choice of fiberglass tanks for our design 

are the most convenient. The thickness of the fiberglass tank (50L domestic electric water heater) 

will be 1mm. [25] 

2. Sheep’s Wool as an Insulator 

The next part of this capstone design is to cover the outside of the electric water heater with 

capping layers. These layers will act as insulators that will help minimizing the heat loss. The 

idea is to cover the domestic electric water heater with a material that has a good thermal 

insulation. This material is the sheep's wool.  

Sheep’s wool is considered a bio-sourced insulator of animal origin, found in nature, and is 

usually used as an alternative to mineral wools. In addition to its multiple uses in the clothing 

industry, this natural insulator is best known by its excellent thermal insulation. [30,p:31] In fact, 

the sheep’s wool is a harmless material, as its impact on the environment is negative or null. The 
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following figure shows the environmental impact of the sheep’s wool compared with other 

natural insulators:  

 

Figure 11: Comparison of the Environmental Impact of Insulators. [30,p:32]  

From the figure above, we can clearly understand that the sheep’s wool is not harmful for the 

environment, unlike other natural insulators.  

When it comes to the thermal conductivity “λ”, this latter is a physical quantity that describes the 

capability of a certain body to transmit heat. Based on the SI units, the thermal conductivity is in (W.m-

1.K-1). Actually, this physical property depends on a number of parameters, namely the material’s nature, 

the temperature, and pressure. [30,p:42] Indeed, the sheep’s wool’s thermal conductivity ranges from 

0.035 and 0.045 W. m-1.K-1. [30,p:32] 

Based on [30,p:42], the thermal conductivity is evaluated using the flux metric approach. To do so, two 

planar heat flow meters were placed on both sides of a parallelepiped sample with a thickness “e”.  The 

system is then placed between two exchanger plates (with constant temperatures maintained by two 

separate thermosted baths), one with a hot temperature “Tc” placed on the top of the sample, and the 

second with a cold temperature “Tf” placed under the sample. The next figure shows the experiment 

performed on [30,p:42]:  
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                Figure 12: Thermal Conductivity Measurement Principle. [30,p:43] 

This experiment allowed us to find the sheep’s wool thermal conductivity by using the following 

formula:  [30,p:43] 

 

Where:  

Λ= Thermal conductivity.  

Φ moy= Average heat flow through the sample in [W].  

e= Thickness of the sample [m].  

S= Surface  

Tc and Tf= Hot temperature and cold temperature of the  plates.  

After performing the experiment, the thermal conductivity of the sheep’s wool was determined 

along with the thickness, length of the sample, width, and dry density. 
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Table 5: Dimensions of the Sample and its Thermal Conductivity. [30,p:45] 

Material Thickness 

“e” 

[m] 

Dimensions 

       a x b  

[m] 

Dry Density 

[kg.m-3]  

Thermal Conductivity “λ” 

[W. m-1. K-1] 

Equation of  “λ” (T) 

Sheep’s 

Wool 

 

 

 

 

0.070 0.300*0.350 18 ΔT [°C] 1.10^(-4) * (T) + 

0.0398 5-15 15-25 25-35 

0.040 0.039 0.040 

 

 

From the table, we can see that the thermal conductivity varies between 0.039 and 0.04 

depending on the temperature intervals (5 –> 35 °C). To sum up, the thermal conductivity of the 

sheep’s wool is small, which makes it a very good insulator since the smaller the thermal 

conductivity, the more insulating the material.  

Another important parameter that we need to discuss is the heat capacity C. In fact, the heat 

capacity C is the required energy to increase the temperature of a body by 1 K. The heat capacity 

is expressed by the following equation: [30,p:48] 

C= Q/T 

As we already know, the specific heat capacity is a thermal property used to express the heat 

capacity depending on the material’s density, mass, and nature. The specific heat capacity is 

expressed by the following equation: [30,p:49] 

                  Cp= C/ (ρ*A*e) 

C: Heat capacity of the sheep’s wool in [J.Kg-1. K-1]. 

ρ: Density of the sheep’s wool in [Kg.m-3]. 
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A: Area [m²]. 

e: Thickness of the sample [m]. 

Based on these equations and on [30,p:49], the specific heat capacity of the sheep’s wool was 

calculated: 1600 [J.Kg-1.K-1].From here, we can conclude that the sheep’s wool has a specific 

heat capacity that is high (Cp=1600 J.Kg-1.K-1), which justifies its excellent insulation. That is, 

when the specific heat capacity is high, the insulator takes less time to transmit the heat. 

To sum up, all the analyses of the sheep’s wool show that: 

- Eco-friendly (no negative impact on the environment). 

- Its thermal conductivity is low (between 0.035 and 0.045 W. m-1. K-1). 

- The sheep’s wool specific heat capacity is high and is equal to 1600 J.Kg-1.K-1. 

 All this makes the sheep’s wool a good insulator. 

To ensure the good insulation of the sheep’s wool, we will compare it to other insulators used in 

the market in terms of thermal conductivity and specific heat capacity. 

Table 6: Comparison of Insulators in Terms of Thermal Conductivity and Cp 

Material Thermal Conductivity in [W. 

m-1. K-1] 

Specific Heat Capacity in 

[J.Kg-1.K-1]. 

Sheep’s wool 0.035< λ <0.045 1600 

Polyurethane 0.048< λ <0.050 2359< Cp<2996 

Cellulose Wadding 0.039< λ <0.055 2000 

 

 Although the specific heat capacity of polyurethane and cellulose wadding are greater 

than the specific heat capacity of the sheep’s wool, this latter’s specific heat capacity 

remains high. Moreover, its thermal conductivity is lower than the one of polyurethane 

and cellulose wadding, which makes it the best insulator among them.  

 

3. Production Method of Sheep’s Wool 
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In order to make a sheep's wool suitable for our 50L water heater design, it is important to know 

its manufacturing method and process. The next figure explains the sheep’s wool production 

method:  

 

Figure 13: Sheep’s Wool Production Method. [31]  

The production of sheep's wool follows several steps. First of all, the fibers undergo a first wash 

in order to remove the soiling, the straw, and the bad smell. Then, they are degreased by rinsing, 

spinning, and drying. After a succession of new washes, the wool is treated against mites and fire. 

The next step is the carding and creation of tablecloths that allows the wool to be transformed 

into capping layers for our design. 

After collecting our treated wool rolls, their installation is required. The method of installing 

sheep's wool as insulators for electric water heaters is very simple, and will take few steps. First, 

we need to measure the circumference of the hot water tank, and increase the thickness of the 

retaining circles by 6 mm. After having determined the center of the insulating square, the radius 

must be measured by the following formula: [32] 

r = (p /6,28) + 6 mm. 
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Where:  

r = The radius. 

p = The circumference. 

6,28 = 3,14 x 2 

In our case, the design of our tank has a radius of 23cm (230mm). This allows us to trace the 

circumference by adding 6mm according to the formula. 

The next step is to add adhesive circles of retention around the lid. After this, we surround the 

tank with the adhesive circles so that we can install our sheep wool insulation. [32] 

Measurements of the height of the tank and the dimensions of the tank clip should be taken to 

minimize the heat loss. 

It is also important to insulate the hot water pipes in order to save up to 10% of the heat loss. [33] 

The sheep's wool can therefore surround the pipes for a better minimization. 

In this way, our electric water heater will be covered by the sheep’s wool insulator, which will 

minimize the heat lost during its operation. 

This innovative idea of using sheep's wool as an insulation method for electric water heaters will 

also have other benefits. Working on this method, we aim for it to become a solution for 

minimizing the heat loss, thus, an automatic decrease in the electricity bills. For this to be 

applicable to different kinds of electric heaters, a large amount of wool is required. Knowing that 

the rural areas of Morocco are in need, the idea is to acquire the sheep’s wool from local farmers. 

Buying large amounts of wool from them will be a big step in increasing their income.  

An important fact, which is noticeable especially around the time of Eid al-Adha, is the waste of 

large amounts of the sheep’s skin. People tend to throw it away, neglecting its different uses. The 

idea behind this is to recruit people that will work on collecting the sheep’s skins and extracting 

their wool.  

In addition to that, factories will also play an important role in the design, since they will be in 

charge of carding and creating the tablecloths that will be needed. The advantage is that the 
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Moroccan society will highly benefit from this new innovative design in a way that it will help 

increase the number of labors, thus, an important decrease in the rate of unemployment. 
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CHAPTER 6: FINAL 3D DESIGN IN SOLIDWORKS 

The first step in our design is to build the tank for the electric water heater. The following figure 

represents the 3D tank built in SolidWorks:  

 

Figure 14: 3D Tank Built in SolidWorks. 

 

The next table shows the depth, height, width, volume, and material of the tank:  

Table 7: Characteristics and Dimensions of the Tank. 

T A N K   

Depth  Height Diameter Width Volume Material  
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48 cm 56 cm  46 cm  46 cm  50 L Composite 

 

The next step is to build the resistance of the electric water heater which is not in a direct contact 

with the water. The following figure represents the resistance designed in SolidWorks:  

 

Figure 15: 3D Design of the Resistance. 

The next table represents the height, wattage, and diameter of the resistance:  

Table 8: Dimensions of the Resistance. 

R        E           S I              S                 T A        N            C               E 

Height  Wattage Diameter  

340 mm 1200W 30 mm 

  

After assembling the two parts (resistance and tank of the electric water heater) in SolidWorks, 

we got the following 3D design:  
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Figure 16: 3D Design Assembly of the Resistance and the Tank. 

After adding the inlet and outlet pipes that have a height of 5 cm each, and a diameter of 20 mm, 

we got the following 3D design:  

  

Figure 17: 3D Design of Inlet and Outlet Pipes. 
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After making the inlet and outlet pipes, we applied the sheep’s wool texture with a thickness of 

25mm, on the whole tank of the electric water heater. The next figure represents the sheep’s wool 

insulator in a 3D design:  

 

Figure 18: 3D Design of the Sheep’s Wool Insulator. 

 

 The two most important costs that should be taken into consideration are: the resistance 

and sheep’s wool. Concerning the resistance, this latter can be purchased at a price of 300 

MAD / Unit.  

 When it comes to the sheep’s wool, farmers are the main providers of this material. Its 

price varies between 15 and 25 MAD / Kg, including its treatment. The investment on this 

project does not cost much compared to the amount of energy it can save. All this is a 

proof of the effectiveness of this innovation. 
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III. STEEPLE ANALYSIS 

STEEPLE's analysis is essential to have an insight of the project which is: “MINIMIZATION OF 

ELECTRIC WATER HEATER’S CONSUMPTION USING CAPPING LAYERS”. The analysis 

of the various factors, allows having a clear idea on the external organization of the study and its 

impacts. For this capstone design, a precise STEEPLE analysis has been followed:  

Social factors:  

Regarding social factors, the discovery of this new project will allow families to benefit from 

new equipment that will facilitate their daily life. This new material will encourage individuals to 

install electric water heaters and will solve the problem of the power consumption that many 

individuals suffer from. Moreover, this project will help the farmers socially, as they are the main 

suppliers of sheep’s wool.  

Technological factors: 

The technological factors of our project extend to the innovation of a new material, which is the 

sheep’s wool. Actually, there are several applications to make 3D previews of the desired model. 

Thanks to today's technology, it is possible to design our equipment with all the required 

dimensions. In this project, the design will be simulated in SolidWorks. 

Economic factors:  

As we already know, electric water heaters consume a lot of electricity, which represents a huge 

obstacle especially for families who have financial difficulties. For this purpose, this project aims 

to discover new equipment that can be installed outside the electric water heater to reduce the 

consumption, thus, to minimize the cost of the electricity bills. Also, this project will contribute 

in the increase of suppliers (farmers) income, especially in occasions like Eid Al-adha, where 

sheep’s wools are wasted.  

Environmental factors:  

This project does not represent any danger for the environment. All the equipment that will be 

used is harmless for nature, as it does not contain any polluting products. In fact, this new 
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technology will allow us to conserve energy, which makes it a very eco-friendly invention. Also, 

the sheep’s wool is a natural insulator, which makes it safe for the environment.   

Political factors:  

The aim of this project is to minimize the energy consumption, which is in not linked to politics. 

For this, our invention does not represent any obstacle when it comes to politics.  

Legal factors:  

Legal factors must not be violated, that is why this project fully respects the laws and regulations 

of our country. Those factors do not represent any struggles for the development and 

implementation of the project. 

Ethical factors:  

This project does not have any unethical purposes. On the contrary, this new invention will be 

one of the new technologies that will make human’s life easier. The equipment that will be used 

will respect the ethical and moral code. 
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IV. CONCLUSION  

 

The study of this capstone design entitled “MINIMIZATION OF ELECTRIC WATER 

HEATER’S CONSUMPTION USING CAPPING LAYERS” required an in-depth research. 

Understanding the topic was one of the most important and challenging steps. As a matter of fact, 

to reach the goal of this project, a number of procedures had to be respected. Initially, the 

literature review allowed us to get a deep analysis of the main components of both the simple and 

professional water heaters and their functioning, showing the advantage of the electric water 

heater in individuals’ daily lives. The conduction of the energy audit was an essential part of this 

project, since it enabled us to get an overall idea of the energy consumption of a domestic electric 

water heater.  The results of this audit led us to think about the material used inside the electric 

water heater, which was responsible for this high consumption.  

The analysis of the inside material of the domestic electric water heater proved that the change of 

the inside resistance in addition to the inlet and outlet pipes relocation, was crucial for 

minimizing the power consumption of this appliance. Furthermore, this study demonstrated that 

there was an important amount of heat lost during the functioning of the heater. For this purpose, 

the design of an innovative capping layer made of sheep’s wool was required. This natural 

insulator was very advantageous, as it had a low thermal conductivity and a high insulating 

capacity. In addition to its economic goals, the use of this insulation in the project is beneficial 

for individuals, as it will contribute in their financial wellbeing. Thus, it will provide more job 

opportunities to unemployed individuals. Finally, the design was built in SolidWorks to get an 

overview of the final model.  
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