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ABSTRACT IN ENGLISH 

 
The purpose of this capstone project is to minimize the energy consumption of the standard 

electric water heater. For this objective, the idea of the project consists of designing an innovative 

domestic electric water heater by changing its inside material with a more efficient one. Above 

all, an overview of the water heating industry was essential to comprehend the evolution that 

water heaters went through and the various types of modern water heaters designed during the 

last two centuries. Following the overview, this collaborative project will rely on literature 

review, in which a homemade water heater and a professional electric water heater were studied, 

compared, and analyzed in terms of interior material, water heating mechanism, efficiency, and 

safety. For energy conservation goals, an energy assessment was conducted in this capstone 

project on a domestic electric water heater of type “JUNKERS ETACELL ES 050” via a smart 

plug “Shelly Plug S”. The results of this assessment are summarized to be: 24.1 kWh consumed 

per week, equivalent to 96.4 kWh per month, and 1156.8 kWh per year. To fulfill this project’s 

aim, an in-depth study of the inside material of the standard electric water heater was conducted, 

and a three heating elements electric water heater was chosen as an optimal solution for the high 

energy consumption of domestic electric water heaters. A polyurethane foam insulation was 

proposed to increase the design’s efficiency and thermal properties. Finally, the three elements 

water heater was proven to be advantageous for home usage, as it resulted in conservation of 

heat losses (more than 300 kWh). The new design was visualized in 3D using the Computer 

Aided Design software “SOLIDWORKS”. 

 

Keywords: Electric Water Heater, Energy Consumption, Inside Material, Three heating 

elements, Polyurethane foam. 
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ABSTRACT IN FRENCH 

Le but de ce projet est de minimiser la consommation d'énergie du chauffe-eau électrique. Pour 

cet objectif, l'idée du projet consiste à concevoir un chauffe-eau électrique domestique innovant 

en changeant son matériau intérieur par un autre plus efficace. De plus, une vue générale sur 

l'industrie du chauffe-eau était essentielle pour comprendre l'évolution des chauffe-eaux et les 

différents types de chauffe-eau modernes conçus au cours des deux derniers siècles. Suite à cela, 

ce projet collaboratif s'appuiera sur une revue de la littérature, dans laquelle un chauffe-eau fait 

maison et un chauffe-eau électrique professionnel ont été étudié, comparés et analysés en termes 

de matériau intérieur, de mécanisme de chauffage de l'eau, d'efficacité et de sécurité. Pour des 

objectifs d'économie d'énergie, un bilan énergétique a été réalisé dans le cadre de ce projet de 

synthèse sur un chauffe-eau électrique domestique de type «JUNKERS ETACELL ES 050» via 

une prise intelligente «Shelly Plug S». Les résultats de cet audit sont résumés comme suit: 24,1 

kWh consommés par semaine, soit 96,4 kWh par mois, et 1156,8 kWh par an. Pour atteindre 

l'objectif de ce projet, une étude approfondie du matériau intérieur du chauffe-eau électrique 

standard a été menée, et un chauffe-eau électrique à trois éléments chauffants a été choisi comme 

une solution innovante pour la consommation d'énergie élevée des chauffe-eaux électriques 

domestiques.  Une isolation en mousse de polyuréthane a été proposée pour augmenter l’efficacité 

et les propriétés thermiques de la conception. Enfin, le chauffe-eau à trois éléments s'est avéré 

avantageux pour un usage domestique, car il a pour but de conserver les pertes de chaleur (plus 

de 300 kWh). Le nouveau design a été visualisé en 3D à l'aide du logiciel de conception assistée 

par ordinateur «SOLIDWORKS». 

 

Mots clés: Chauffe-eau électrique, Consommation d'énergie, Matériau intérieur, Trois éléments 

chauffants, Mousse de polyuréthane. 
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I. INTRODUCTION 

Throughout history, the domestic electric water has become an essential tool in the lives of many. 

World widely, this appliance has facilitated the water heating process in households, a major and 

tough task in the past, and eased individuals’ lives. As a matter of fact, domestic electric water 

heaters have diverse characteristics, depending on their types, designs, components, and 

functioning. Despite their important role in the water heating process and advantages within 

households, these innovative apparatus often consume big amount of energy, and increase 

electricity bills. Consequently, today, a great number of households still cannot manage to afford 

this appliance and benefit from it. In this sense, the major objective of this capstone’s project is 

the minimization of the power consumption of domestic electric water heaters (storage type), 

using new design and alternative materials. On the same note, this capstone project will study the 

interior design of domestic electric water heaters, and suggest a new material for the aim of 

increasing the electric water heaters’ energy conservation, efficiency, as well as thermal 

properties.  

 

II. METHODOLOGY 

My capstone project entitled “MINIMIZATION OF ELECTRIC WATER HEATER’S 

POWER CONSUMPTION USING NEW DESIGN” will begin with an overview of the history 

of water heaters, their evolution throughout the decades, and the most known types in the water 

heating industry. Then, based on literature review, we will study the homemade water heaters and 

the professional electric water heaters that are available in the Moroccan Market. This literature 

review will provide us with a clear comparison between the two types of the water heaters 

(homemade and professional), in terms of the inside material, and an initial analysis of the 

mechanism of the water heating operation within the professional electric water heater. After the 
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literature review comes the energy study of the domestic electric water heater (my electric heater 

“JUNKERS ETACELL ES 050” as a SAMPLE). During this energy assessment, the energy 

consumption of the SAMPLE electric water heater will be measured via a Smart Wi-Fi device 

entitled “Shelly Plug S”. This latter will allow us to precisely determine the amount of energy 

consumed by the SAMPLE electric water heater according to time, on daily and weekly bases. 

Afterwards, we will conduct an in-depth study of the inside material of the standard electric water 

heater of two heating elements, the role and characteristics of its interior components, its 

efficiency parameters, and problems encountered. The next section is an interior analysis of the 

suggested design “Three Heating Elements Water Heater” along with a technical study that 

includes the dimensions, location of the parts, and their insulation. In the final section, we will 

simulate the new design in 3D, using the CAD software “SOLIDWORKS”. 
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CHAPTER 1: OVERVIEW OF WATER HEATING INDUSTRY 

1. “Before the Water Heating Technology” Era 

In ancient times, hot water was needed in a number of humans’ daily life activities. Apropos of 

water heating sources in old times, the only natural source of hot water found in nature was “hot 

springs”. To clarify, a hot spring is a spring produced by heated groundwater. That is, the hot 

water issued from hot springs naturally, is scientifically heated due to the geothermal energy 

coming from the earth’s mantle. As the underground depth increases, the rock’s temperature rises. 

At this point, underground water reaches the hot rocks. Ultimately the water gets heated, the hot 

spring is formed. By relying on this natural hot water source in ancient times (like Romans), 

humans could benefit from hot water, and use it in domestic activities, mainly cooking, cleaning, 

and bathing.  

During the steam era (before the invention of water heaters), the most common method to heat 

water, was to put metal basins over fire. [1] The boiled water was transported manually [2] to the 

bath tub, which the families used to bath together. [1] Throughout the whole steam period, 

“boilers” constituted a life saver utensils at homes. [2] However, they constituted a big danger for 

individuals. 

 

2. History of  the Water Heating Technology 

The invention of the first water heater was a crucial event not only in the world’s industry, but 

also in the life of humans. As a matter of fact, “Benjamin Waddy Maughan” is the first to 

manufacture a water heater that uses gas as an energy source. [1] This invention took place in 

London during the industrial revolution (1760 – 1840), specifically in 1868. [1] The newly 

invented gas water heater constituted a big danger for its users, as it didn’t have “ventilation” [1], 

and the possibility of “leaking carbon monoxide” [1] was very high.  

Two decades later, Edwin Ruud, a mechanical engineer from Norway, worked on the innovation 

of the previous gas water heater model designed by “Waddy” [1], and created a modern water 
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heater that respects safety measures, and is very safe for home usage. [1] The modern water heater 

innovated by “Ruud” constitutes “the real first model of water heaters” [2] in the water heating 

industry. Although Ruud’s water heater was safe, it was not perfect. [1] It was until early the 

1900s that Ruud’s water heater has known adjustments and enhancements. [1] 

The water heating industry has grown in the USA, and new, creative, and developed designs have 

appeared, namely the solar water heater, the tankless electric water heater, and the storage electric 

water heater. [1] 
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CHAPTER 2: LITERATURE REVIEW 

1. The Inside Material of Homemade and Professional Water Heaters 
 

1.1. Homemade Water Heater 

 
The homemade or “simple” water heater is a handmade appliance to heat water in places with 

very little means. There are numerous types of homemade water heaters, depending on the 

material they were built of, such as solar water heaters, fuel water heaters, and so forth. In fact, 

“The Volcano water heater” is a useful simple heater used mainly in rural areas to heat water for 

shower purposes [3]. 

 

The Equipment Needed [3]: 

 

 Tank 

 300 mm cylindrical tank 

 150 mm pipe 

 J-shaped pipe 

 

To build it, specific steps must be followed: 

 

 Initially, we need to cut one hole in the center “of each end of the tank” [3] (top & bottom). 

To make sure that the joints are impermeable, it is fundamental to “push the pipe through 

the tank”. [3] 

 Then, we will make a second hole in the top (the side) of the tank that perfectly matches 

the j- shaped pipe so its longer leg can go through it, and connects to it. This step is very 

important in the building of the homemade water heater, as the j-shaped pipe is the 

“overflow/expansion/pressure release pipe”. [3]  

 Afterwards, we have to make water inlets and outlets. To do so, we have three 

possibilities, from which we will choose one: 1) to cut two holes in the bottom of the tank, 

one hole represents the water inlet, and the second represents the water outlet (the chosen 

option). 2) Use a single pipe that “performs the two functions”. [3] 3) Make one hole 

from which water will be poured. [3] 
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 We also need an outlet at the bottom that will be connected to a tap. [3] 

 

 The next step is to equip the tank with fuel. This homemade heater uses fuel as a heating 

source. To make the firebox, we will use a 300 mm topless cylinder, and cut a rectangular 

hole in the bottom of it from which we will get fire and remove the remains. [3] In the 

opposite side of the firebox, we will cut a round one that fits the length of the pipe. This latter 

will be pushed through a hole in a wall. [3]The “other end” of the pipe must be outside the 

building. [3] To cover the firebox, we will use the rectangular piece made of steel that we 

already cut while making the firebox. [3] 

 Next, we will put the topless cylinder under the tank, and “weld it”. [3] 

 

 The final step is to pour water from the central hole in the top of the tank, and put fire 

in the firebox. [3] 

 This way our “volcano water heater” will heat the cold water, and get it ready for bathing. 

 

1.2. Professional Electric Water Heater 

The electric water heater is known to be an efficient type of water heaters. In fact, this type of 

electric water heaters often has the shape of a big cylinder, and is illustrated as follows: 



16 
 

Figure 1: The Inside of the Professional Electric Water Heater [4] 

 

The storage electric water heater is a water heating system that is composed of numerous parts. 

Each part has a specific function in the water heating process: 

The Tank: All storage electric water heaters are composed of a stainless steel tank, which contains 

a “water protective liner” [5], as well as “insulating blankets” [5] in the exterior of it. 

Overflow Pipe: This pipe is connected to the pressure relief valve. 

 

Pressure Relief Valve: This valve’s main role is to maintain the pressure level inside the tank 

to ensure the safety of the electric water heater. [5] 

Hot Water Outlet: This is the pipe from which the hot water goes from the electric heater to the 

house’s “water supply”. [6] 

Dip Tube: It is the tube from which cold water accesses the heater, as it is connected to the “cold 

water inlet”. [6] The dip tube is located at the top of the tank, and goes until the bottom. [5] It 

allows the hot water in the bottom to “rise to the top of the tube” [6], and ensures the heating of 

cold water that goes from top to bottom to get heated. [6] 

Anode Rod: This rod’s main function is to protect the components of the electric water heater’s 

tank from “corrosion”. [5] The Anode rod is often made of elements, such as “magnesium”. [5] 

Thermostat: Electric water heaters have generally two thermostats [7]: an upper thermostat and 

a lower one. The thermostat is responsible for the functioning of the heating elements within the 

electric water heater. [7] 

Drain Valve: A valve at the bottom of the electric water heater that allows the user to empty the 

tank. [5] 

Heat out Pipe: It is the pipe from which “the hot water exits the heater”. [5] 

 

Insulation Layer: All electric water heaters have insulation. This latter helps the heater to 

“prevent heat losses”[6]. 
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Mechanism of the Professional Electric Water Heater: 

The water heating within the tank goes through a number of stages. First, from the house’s water 

lines, cool water is fed from the inlet, by the dip tube, to the bottom of the electric water heater’s 

tank. [5] Generally, the electric water heater contains an upper heating element and a lower one, 

controlled by two thermostats. Once the cold water is heated by the heating elements, the hot 

water rises to the top of the tank. [5] Finally, the hot water exits the electric heater through the 

hot water outlet. [5] The same process is repeated all over again. 

 

1.3. Difference between the Two Types of Water Heaters 

 The homemade and the professional water heaters differ in terms of equipment. In other 

words, each water heater contains different material, which highly impacts the heated 

water quality. 

 Because the “Volcano water heater” is dangerous (it heats the water very rapidly), this 

latter cannot be used in standard houses/residential places, and can only be used in open 

areas, especially the rural ones, as it can explode. Unlike professional water heaters that 

are designed to be installed at home and respect safety measures. 

 The professional water heaters have the advantage of insulation layers that keep the heat 

inside the tank, and prevents from heat losses, meanwhile, simple water heaters do not 

have this option. 
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CHAPTER 3: ENERGY AUDIT OF A SAMPLE ELECTRIC 

WATER HEATER “JUNKERS ETACELL ES 50”    

1. Technical Sheet    

The following sheet shows all the technical characteristics of my domestic electric water heater 

“JUNKERS Etacell ES 050”: 

           Table 1: Technical Sheet of the Electric Water Heater “Etacell ES 050” From [8] 

 

2. Energy Study Using “Shelly Plug S” 

To conduct my energy audit of my “Etacell ES 050” electric water heater, I used a device entitled 

“Shelly Plug S”. This device is a “WI-FI smart plug” [9] that must be installed on the “F type” 

plug [9] of the domestic electric water heater to record its energy consumption.[9] The 
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specifications of the device are shown as follows: 

Figure 2: Specifications of the Shelly Plug S from [10] 

“Shelly Plug S” is a very effective device to perform energy assessments, as it holds many 

characteristics and features that allow the user to perform a complete power analysis. To use the 

“Shelly Plug S”, simple steps must be respected to ensure the success of this operation: 

 

 After plugging the device on the F type plug of the domestic electric water heater, we 

need to turn it on. [10] When the Shelly device is turned on, we can see a red/blue flash 

light on the device. [10] 

 The second step is to install the Shelly cloud app on a smartphone/tablet. [10] Once the 

Wi-Fi is added and connected to the cloud, this latter accesses the Shelly device plugged 

in the electric water heater socket. [10] 

 The last step is to add a room and name it in order to measure the energy consumption, 

so that the cloud displays the necessary measurements that the user need on their own 

phone/tablet. [10] 
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Moving to its numerous advantages, the “Shelly Plug S” device holds many features from which 

the user can benefit, mainly: 

 This smart plug can connect to any Wi-Fi network. [10] 

 The user can control it “remotely”, and decides when to turn it on and off from their own 

smartphone/tablet in any place and at any time they want. [10] 

 The “Shelly Plug S” has the ability the match with all operating systems “(Android, IOS, 

Amazon Alexa, Google Assistant, and so forth)”. [10] 

 “Shelly Plug S” can support a “wide voltage range, and can manage a big number of 

appliances. [10] 

 This Wi-Fi smart plug has a “power meter”, by which the energy consumption is 

measured. [10] This is how we will record the consumption of our electric heater that is 

connected to the Shelly cloud. [10] 

 “Shelly Plug S” contains a “countdown timer” [10] that allows the user to switch off all 

the appliances in a specific time. [10] 

 Another advantage of the “Shelly Plug S” is that the user can set daily schedules, such 

as “sunrise/sunset schedules” [10], when the plug turns on and off “automatically”. [10] 

 

 

 

3. The Power Consumption of the SAMPLE Electric Water Heater 

“JUNKERS ETACELL ES 50” 

My energy audit was conducted from the 7 March 2021 (midnight) to 14 March 2021 (midnight). 

I connected “Shelly Plug S” to my electric water heater for a week. 

The results of my power analysis are shown in the following table: 
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Table 2: Energy Consumption of “ETACELL ES 50” Electric Water Heater during 1 

Week 

 

 

 

 

 

 

 

 

 

 

 

                Figure 3: Graph of the Energy Consumption of “ETACELL ES 50” in 1 Week 
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Observation: 

 
 The table and graph above demonstrate the power consumed by the domestic electric 

water heater at my house during one full week. As we can see, the energy consumption 

varies from a day to another according to the usage’s rate and purposes. The energy 

consumed in Tuesday is the highest, and recorded to be 3.83 kWh. The total energy 

consumed in this week is 24.1 kWh. 

 Based on the weekly power consumption that “Shelly Plug S” provided us with, the 

monthly energy consumption of my “ETACELL ES 050” electric water heater is 

estimated to be: 24.1 * 4 = 96.4 kWh. Thus, the estimated annual consumption of my 

heater is: 96.4* 12= 1156.8 kWh. 
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CHAPTER 4: INSIDE OF THE ELECTRIC WATER HEATER 

1. In-Depth Analysis of the Electric Water Heater with Two Heating 

Elements 

1.1.  The Role of the Heating Elements, the Thermostat, and the Pipes in the 

Success of the Water Heating Operation 

The inside material of the electric water heater constitutes an essential part that is responsible for 

a number of parameters, namely the temperature of the hot water issued from the electric water 

heater’s outlet, the efficiency of water heating mechanism, and the time the heater takes to heat 

cold water, coming from water pumps. As a matter of fact, as explained in the literature review, 

the three most crucial elements in the inside of the electric water heater are the following: the 

heating elements, the thermostat, and the location of the pipes.  

To begin with, inside the electric water heater, water is heated thanks to the heating elements. In 

fact, the number of heating elements within electric water heaters differ, and most of domestic 

electric water heaters contain two heating elements.  

 

 

 

 

 

 

 

 

 

Figure 4: Heating Elements [11] 
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It is important to point out that the upper and lower heating elements are highly associated to each 

other, as the upper heating element cannot function without the bottom one. Although, they are 

both linked, the bottom element can still work even if the element at the top does not. However, 

in this case, the electric water heater’s thermal performance, which is the efficiency at which a 

body preserves heat, will be very low, thus, the cold water may remain cold.  

Moving to the thermostat, this latter controls the temperature at which the cold water is heated. 

That is, the functioning of the thermostat plays a big role in the thermal performance of the electric 

water heater.  

 

 

 

 

 

 

 

 

Figure 5: Thermostats of Electric Water Heaters [11] 

To illustrate, in an electric heater containing two heating elements, the thermostat is located near 

the heating elements. In other words, the upper thermostat controls the upper element, and the 

lower thermostat controls the lower element. It should be noted that the thermostat functions via 

an on/off system, and its temperature settings are subject to change. 

When it comes to the location of the pipes, this latter varies as the domestic electric water heaters’ 

designs vary in the market. Generally, the cold and hot water pipes are placed next to each other, 

either at the top or bottom of the heater. As a matter of fact, the pipes are very important in the 

water heating mechanism occurring within the electric water heater, as they help in the success of 
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the water heating operation. Pipes that are in good conditions contribute in keeping the hot water 

at the desired temperature, and prevent from large heat losses. 

1.2.  Parameters to Determine the Efficiency of the Electric Water Heater 

 “ENERGY STAR” is an energy efficiency program ran by the U.S Department of Energy and the 

U.S Environmental Protection Agency that focuses on the energy efficiency and consumption of 

domestic products in households, including domestic electric water heaters. [12] In fact, according 

to “ENERGY STAR”, determining whether an electric heater is effective depends on a number of 

key factors, namely the energy factor “EF”, the first hour rating “FHR”, and the gallons per 

minute rate “GPM”. [12] 

Above all, the energy factor “EF”, constitutes the crucial factor among all. The “EF” is “a method 

chosen and agreed on in 2014 by the U.S government” in order to measure the energy efficiency 

of electric water heaters. [12] The “EF” is essentially the amount of hot water per unit of power 

heated-through during one day. [13]  

Eventually, when it comes to identify the efficiency of domestic electric water heaters, the higher 

the “EF”, the better efficiency the heater holds. [12] Based on “ENERGY STAR” records, an 

efficient electric water heater of capacity of <= 55 gallons capacity (<= 208 liters), has on average 

an energy factor “EF” higher or equals to 2.00 [12], meanwhile the “EF” of an efficient electric 

water heater of  > 55 gallons capacity is set to be greater or equal to 2.20. [12] 

The second factor to be taken into consideration while examining the efficiency of electric water 

heaters is the First Hour Rating (FHR). [12] In point of fact, this rating designate the performance 

of the electric water heater as it gives the estimation of the maximum hot water volume that the 

tank water heater can provide during the first hour of usage. [12] In accordance with the energy 

factor “EF” method and at a temperature of 135 °F (57 °C), the first hour rating is estimated to be 

FHR >= 50 gallons, equivalent of 189 liters. [12] 
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Another important rate by which an electric water heater is identified as “efficient” is the Gallons 

per Minute (GPM). [12] This latter indicates the quantity of gallons provided by a domestic 

electric water heater while keeping a minimal temperature during consistent state activity”. [12] 

By referring to “ENERGY STAR”, an efficient electric water heater has a GPM of 2 gallons per 

minute, at the temperature of 70°F. [12]  

The energy factor “EF”, the First Hour Rating “FHR”, and the Gallon per Minute rate “GPM” are 

important efficiency parameters that any efficient electric water heater must respect in order to 

meet the energy conservation purposes.  

1.3.   Problems Encountered in the Electric Water Heaters with Two Elements 

Compared to gas water heaters, electric water heaters are enhanced heat transfer appliances that 

are easy in terms of domestic installation, and have a more efficient water heating process as their 

heat source is electricity, thus, they do not rely on air for combustion like gas water heaters.  

Indeed, the average life of storage electric water heaters regardless of their difference in terms of 

brand, design, number of heating elements, location of pipes, ranges from 10 to 15 years. Despite 

the fact that electric water heaters are very advanced water heating systems in terms of thermal 

efficiency, performance, and energy consumption, the extreme use of these appliances may 

engender many complications and contribute in the failure of the water heating mechanism.  

The most common issue that domestic electric water heaters face is lime scale build up.  
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Figure 6: Heating Element with and without Limestone Sediments [11] 

In areas where water is polluted, limestone sediments gets accumulated in the inside elements of 

the electric water heater. This accumulation results in the failure of the water heating mechanism 

as it affects the inside equipment of the electric water heater. 

Another critical problem with the electric water heaters is not providing enough hot water or not 

providing it at all. Actually, this problem occurs in electric water heaters due to the malfunctioning 

of the heating elements or the thermostat inside the heater. Ultimately, the temperature of the cold 

water does not raise to the adequate temperature as this latter does not change. Hence, the water 

coming from the hot water outlet remains cold.  

To solve domestic electric water heaters issues, and enhance their water heating systems’ 

efficiency and performance parameters, mainly the energy factor “EF”, the First Hour Rating 

“FHR”, and the Gallon per Minute rate “GPM”, it is fundamental to have a look at the necessary 

information about the interior heating elements, the pillar of the water heating mechanism within 

the electric water heaters.  
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2.   Characteristics of the Interior Design of the Electric Water Heater (With 

Two Elements) 

 

2.1. The Heating Elements of a Standard Electric Water Heater 

In the water heating industry generally and the Moroccan market specifically, there exists a great 

number of brands commercializing domestic electric water heaters. As a matter of fact, the 

manufacture of these appliances vary depending on the type of inside elements chosen, the 

number, the matter they are built from, shape, and size.  

Characteristics  

Matter  Nickel [Ni] or Stainless Steel [14] 

Shape U- shape [14] 

Positioning Vertical or Horizontal 

Size 12 inches (300 mm) [14] 

 

Table 3: Characteristics of the Heating Elements inside a Standard Electric Water Heater 

The table above demonstrates the characteristics of the most common type of heating elements 

used in electric water heaters. In fact, in the majority of electric water heaters’ designs, the heating 

elements are made of Nickel [Ni] or stainless steel [14], and have a U-shape. [14] They are secured 

into a connection in the electric water heater’s tank. [14] 

 

 

 

 

 

 

 

Figure 7: Heating Element of Size 12 inches [14] 
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Usually, the heating elements have the size of 12 inches, equivalent to 300 mm, with a tiny width, 

and are positioned either vertically or horizontally. Although, in most cases, the length of heating 

elements is around 300 mm, there exist other types that are shorter. [14] Indeed, these types may 

have a broader width, however they have the similar heating area as the regular ones. [14]   

The lower watt-density the heating elements have, the best quality and efficiency they provide. 

[14] In addition to their low wattage [14], heating elements of premium quality have a lower 

heat/inch² of an area, and are “folded back”. [14] 

2.2. The Inlet and Outlet Pipes  

It is common knowledge that, in an electric water heater, cold water flows to the inside of the tank 

through the cold water inlet (length around 70 mm), and the hot water exits via the hot water outlet 

(length around 100 mm). Actually, the inlet and outlet of cold/hot water have a high importance 

in the water heating mechanism as all the inside parts are connected to each other, and are 

assembled together to ensure the success of the water heating operation. 

 

 

 

 

 

 

 

 

Figure 8: Cold Water Inlet (in blue) and Hot Water Outlet (in red) 

In most electric water heaters, the inlets and outlets are built of steel. As a matter of fact, copper 

pipes constitute the best type of pipes to be used in electric water heaters. To begin with, copper, 

as a matter, holds many advantages. Actually, it is softer and healthier than steel, and can stretch 
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or mold. Also, it can be welded or bonded at joints, making it simpler to connect. Moreover, 

copper is used in water heating pipes as it does not react with water, and hardly corrode. Another 

reason that justifies why copper is the standard material in water pipes is its high pressure 

resistance, as it is used in the manufacturing of pressure pipes, in which pressure reaches 500 psi. 

The location of the water inlet and outlet is different from an electric water heater to another. The 

water inlet and outlet can be found both at the top of the tank, both at the bottom of the tank, or 

one (cold water) at the top and one at the top (hot water).  

All this to say that inlet and outlet water pipes are very essential in the domestic electric water 

heater, as they are responsible for preserving the heat (for hot water outlet) from losses.  
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CHAPTER 5:  The THREE-HEATING ELEMENTS ELECTRIC 

WATER HEATER 

In this capstone project “MINIMIZATION OF ELECTRIC WATER HEATER’S 

POWER CONSUMPTION USING NEW DESIGN”, we will develop a new design of the 

inside equipment of the domestic electric water heaters. 

The new design of the domestic electric water heater must fulfill the following requirements: 

 To increase the thermal performance and efficiency of the domestic electric heater by 

minimizing heat losses. 

 To economize the electrical energy consumption of this domestic appliance, and reach 

energy conservation (ecofriendly) goals. 

3. The Technical Study of the Heating Elements inside the Sample Electric 

Water Heater 

In order to conduct our technical study where we will fully design the Three- heating elements 

electric water heater, we will take a 50 L electric water heater with two elements as a SAMPLE, 

at which we will base our three elements’ model. 

3.1. Shape, Dimensions, and Placement 
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Figure 9: Location of Interior Components of the Standard Electric Water Heater [11] 

 

The sketch above is a demonstration of a 50 L electric water heater. The characteristics of this 

electric water heater are in the table below: 

Characteristics of the Electric Water Heater  

(SAMPLE) 

  

Shape Cylindrical 

Positioning Vertical 

Capacity 1500 Watts 

Length 75 cm 

Width 45 cm 

Number of Heating Elements 2 

Size of Heating Elements 12 inches (300 mm) 

Wattage of One Heating Element 4500 Watts 

Positioning of Heating Elements Horizontal 

Length between the Heating Elements 37.5cm 

  

Table 4: Characteristics of the SAMPLE Electric Water Heater 

 

3.2. The location of the Heating Elements Inside our Sample Electric Water Heater 

As the total length of the sample domestic water heater is 75 cm, the upper electric water heater 

is vertically in the middle of the upper half of the tank. That is, the upper heating element is located 

at: L= 75 cm/4= 18.75 cm from the top of the tank. Regarding the lower heating element, similar 

to the upper one, it is positioned vertically in the middle of the lower half of the heater’s tank. 

That is, the lower heating element is located exactly at: L= 18.75 cm from the bottom of the tank. 

Therefore, the total length between the two heating elements is: L= 18.75 + 18.75= 37.5 cm. 

3.3. Energy Capacity and Wattage of the Heating Elements 
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Referring to the chart above, the sample water heater has a wattage rating of 1500 Watt, and the 

heating elements’ wattage is 4500 Watt, which is a total of 9000 Watt (4500 watt*2). From an 

energy conservation perspective, the total wattage of the heating elements inside the sample 

electric water heater is considered high that is the sample water heater may consume big amount 

of energy. 

3.4. Placement of the Water Inlet/Outlet 

The choice of the inlet and outlet pipes is very important. In this sample water heater, at the bottom 

we find the cold water inlet, and at the top of tank is located the hot water outlet. 

When it comes to our new design, we can either place the inlet and outlet pipes in the same area, 

or inverse them (as the SAMPLE).  

 

4. Designing the Innovative Three Element Electric Water Heater 

 
4.1. Previous Canadian Three Elements Water Heater- Inspiration 

Based on the technical study we conducted on the 50L sample electric water heater containing 

two elements, we will design our energy conserving electric water heater with the addition of a 

third heating element. As a matter of fact, this new technology has already been developed in 

Canada for an electric water heater of a big water quantity (270 Liters). [11] The Canadian three 

elements water heater was tested on 75 households in Canada [11], and had a very positive 

feedback from the users. [11] 
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Figure 10: The Canadian Three Elements Water Heater in the Lab [11] 

The major discrepancy between our innovative three elements model and the existent one, is that 

the dimensions of the tank, the heating elements, and the location of the inlet and outlet pipes. In 

fact, in addition to a higher efficiency, less heat losses, and an economic consumption, this 

capstone project targets the Moroccan households particularly, and had the objective of making 

the previous Canadian model more adequate to the Moroccan Market demand, by performing a 

number of adjustments. 

4.2.  Requirements of the New Design 

As mentioned in the previous section, our three heating elements water heater needs to meet the 

demand of Moroccan households. The following table is a requirements chart of the three element 

model that will be customized for Moroccan families.  

Requirements  

Water Capacity 50 Liters 

Shape Cylindrical 

Length 75 cm 

Width 45 cm 
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Positioning Vertical 

Watt Rating 1500 Watts 

Number of Heating Elements 3 

Size of Heating Elements 228 mm (9 inches) 

Positioning of Heating Elements Horizontal 

 

Table 5: Requirements of our New Three Elements Model 

Because households with high number of individuals mostly use 50 liters electric water heaters, 

our model will have a 50 liters water capacity. Also, our new electric water heater’s steel tank will 

have a cylindrical form, a length of 75 cm, and a width of 45 cm, similar to our SAMPLE electric 

water heater (analyzed in previous sections). Like most domestic water heaters used in Moroccan 

houses, our three elements heater will be positioned vertically (easy wall installation), and have a 

watt rating of 1500 watts.  

Concerning the heating elements, we will use smaller heating elements (size of 9 inches instead 

of 12 inches), with a lower watt density compared to the standard electric water heaters. That is, 

the use of three heating elements, inside the electric water heater, instead of two will not increase 

the total wattage of the heating elements, but will rather decrease it.  
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Figure 11: Comparison between the Total Wattage of Elements in the Standard Electric 

Water and the Canadian Three Elements Water Heater [11] 

Observation: 

The figures above are a comparison between the total wattage of the heating elements in a standard 

electric water heater with two heating elements (similar to the SAMPLE), and the old Canadian 

three element model. Clearly, the standard electric water heater contains two heating elements, in 

which the wattage is 4500 watts in each element. Unlike, the three element model, this latter 

contains three elements, an upper element, a middle, and a lower one, in which the watt rating is: 

3800 watts, 3000 watts, 800 watts, respectively. [11] 

Calculations: 

If we calculate the total wattage of the heating elements in both electric heaters, we will get the 

following results: 

Standard Electric Water Heater (Two Elements): 4500 + 4500 = 9000 Watts. 

Three Element Model: 3800 + 3000+ 800= 7600 Watts. 

This clearly means that the total watt rating of the three element model is lower than the standard 

one’s heating elements’ watt rating [11]. 

 

4.3. Implementation of the New Design 

By adopting the three element technology, we will be able to minimize the power consumption of 

the domestic electric water heater. Nonetheless, it is important to bear in mind that the Canadian 

model responds to the Canadian demand of hot water [11], which is different from the Moroccan 

one.  

In this sense, following the prior requirements in Table 5, we will adjust the watt rating of the 

heating elements and their placement, to build our 50 L three heating element water heater. 

4.3.1. Watt Rating of the Heating Elements 
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We already know that the tank’s volume of our new model (50 L) is exactly 220 L less than the 

Canadian model (270 L). That is, it is nearly impossible to use the same watt rating of the heating 

elements in our new electric water heater, as this latter has less volume (Ratio of 5/22). For this 

purpose, the change of the heating elements is mandatory.  

 The total watt rating of a 270 L three elements water heater is 7600 Watts. Based on the 

same concept, a 50 L three element water heater should have a total wattage of 1400 Watts.  

 Because the upper element wattage constitutes the maximum wattage, the upper heating 

element of our new design will have a watt rating of: 1400 Watts.  

 The middle element constitutes 80% of the total wattage, which means that its wattage will 

be: 0.8 * 1400 = 1120 Watts. 

 Finally, the lower element makes 20% of the total wattage. Therefore, the lower heating 

element will have a wattage of: 0.2 * 1400 = 280 Watts. 

In a nutshell, our model will comprise the following wattage rates:  

o 1400 Watts for the upper heating element. 

o 1120 Watts for the middle heating element. 

o 280 Watts for the lower heating element. 

 

 

4.3.2. Placement of the Heating Elements 

The location of the heating elements is very essential to perfectly design our new three elements 

electric heater. In the figures below, we can see the location of the upper, middle, and lower 

heating element in the Canadian three element model (270 L). [11] 
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.Figure 12: Location of the Upper, Middle, and Lower Heating Elements in the Canadian 

Model [11] 

Observation: 

Taking the Bottom of the Tank as a Reference:  

Inside the Canadian three element model (Volume: 270 L), the lower heating element is located 

exactly at 46.562 inches (118.267 cm) from the bottom of the tank, meanwhile, the middle element 

is located at 32.781 inches (83.263 cm). Finally, the lower element is located at 7 inches (17.78 

cm). 

If we add up the height at which the upper element is placed to the upper surface near the top of 

the tank, we get: 

L= 46.562 inches + (7/2) + 7 inches= 57 inches = 145 cm. 

Distance between the Heating Elements: 

Between the lower and the middle elements: 

D1= 32.781 – 7 = 25.781 inches= 65.48374= 65.5 cm. 

118.267 cm 

83.263 cm 

17.78 cm 
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Between the upper and the middle elements: 

D2= 46.562 - 32.781 = 13.781 inches= 35 cm.  

If we add the two distances, we get:  

In inches: 25.781 +13.781 = 39.562 in.   In centimeters: 65.5 + 35 = 100.5 cm. 

The remaining distance D3 is: 

In inches: 57 – 39.562 = 17.438 in.   In centimeters: = 145- 100.5= 44.5 cm.  

 This distance is divided into two sub distances: 

D3l (in the lower part): 7 in. or 17.78 cm, which represents the distance between the bottom of 

the tank and the lower element. 

The remaining distance D3U (in the upper part): (17.438 – 7= 10.438 inches) or (44.5 – 17.78 = 

26.72 cm), represents the distance between the upper heating element and the top of the tank.  

 

Deductions: 

In this respect, our three element model consisting of a volume of 50 liters and a length of 75 cm 

(29.5 in.) will respect the following dimensions: 

Distance between the Heating Elements: 

Between the lower and the middle elements: 

D1= 13.34 in. =33.88 cm. 

Between the upper and the middle elements: 

D2= 7.12 in. =18.10 cm.  

If we add the two distances, we get:  

In inches: 13.34 + 7.12= 20.46 in.    In centimeters: 33.88 + 18.10 = 51.98 cm. 

The remaining distance D3 is: 

In inches: 29.5 – 20.46= 9.04 in.   In centimeters: = 75 – 51.98= 23.02 cm. 

 This distance is divided into two sub distances: 
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D3L (in the lower part): 3.62 in. or 9.19 cm, which represents the distance between the bottom 

of the tank and the lower element. 

The remaining distance D3U (in the upper part): (9.04 – 3.62= 5.42 inches) or (23.02 - 9.19 = 

13.83 cm), represents the distance between the upper heating element and the top of the tank.  

The final dimensions of the heating elements inside our three heating element are shown as 

follows: 

Figure 13: The Final Dimensions of our New Three Heating Elements Design 

 

4.3.3. Thermal Insulation of Inlet/Outlet Pipes 

Thermal insulation is one of the best techniques to conserve the energy consumption within the 

domestic electric water heater. Actually, thermal insulation aims to reduce heat losses in the 

electric water heater’s pipes, and increases the temperature of the pipes by approximately 2°F–

4°F. [15] Also, it allows to gain more heat conservation inside the pipes (+5Kwh). [16] 

L total = 75 cm 

D3U= 13.83 cm 

D2= 18.10 cm 

D1= 33.18 cm 

D3L= 9.09 cm 
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The purpose of this capstone project is to minimize the energy consumption of the domestic 

electric water heater. Hence, the adoption of a good insulator, in addition to the third heating 

element, will be of great use in our newly designed three elements water heater, as it will boost 

the economization of energy. 

How Insulation is related to Heat Losses of a Body:  

Heat is an “energy in transit” [17] moving from a hot area to a cool one inside a similar body, 

because of a temperature difference, and respects the 2nd law of Thermodynamics. [17] During 

the heat transfer, any object can lose a part of the heat transferred. [17] The heat lost during this 

operation is called “heat loss”. [17] 

 

Heat Conduction: 

 

In electric water heaters, the heat loss happens due to the “heat conduction” [18], also called “heat 

diffusion”. [18] This latter is defined as the transmission of kinetic energy (K.E= 1/2 m v² [J]) 

between two bodies. [18] Thermal conduction is expressed by the following formula:  

 

q= - k * (gradient) T 

 

q: Density of thermal flux in Watts per square Meter [W/m]. 

k: Thermal conductivity in Watts per Meter Kelvin [W/m⋅ K]. 

gradient of T: Temperature gradient in Kelvin [K]. 

 

 The objective of insulation is to decrease the heat losses by using the insulating material 

on the body that has to be insulated. 

 

Thermal Conductivity: 

Thermal insulation is highly linked to the thermal conductivity of the insulated material, which is 

a thermophysical property that explains the transfer of heat energy in a certain body. [18] The 

thermal conductivity of a material depends on many factors, most importantly the temperature, 

https://en.wikipedia.org/wiki/Watt
https://en.wikipedia.org/wiki/Metre
https://en.wikipedia.org/wiki/Kelvin
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and the heat is transmitted from the hot temperature area to the lowest within the concerned body 

[18]. The lower the thermal conductivity the material has, the more insulating is the material [18] 

The thermal conductivity “K” of a material is determined by the formula: 

K= Q*L / A*ΔT [19] 

K: Thermal conductivity of the material in Watts per Meter Kelvin [W/m⋅K]. 

Q: Heat flow in Watts [W]. 

L: Length/thickness of the material in meter [m]. 

A: Area of the material in meter square [m²]. 

ΔT: Difference in temperature (between high T and low T) in Kelvin [K]. 

 

There exist a great number of material that serve as great insulators, as demonstrates the table 

below [20]: 

                       Insulators 

Vegetal  Origin Mineral Origin Animal Origin Synthetic Origin 

Cellulose Wadding Rock wool Sheep’s wool Polyurethane  

Hemp’s wool Glass wool  Polyethylene  

Wood wool   Polystyrene 

Expanded cork   Phenolic Foams 

   Polyvinyl Chloride Foams 

   Polyesters  

 

Table 6: Types of Insulators  

 

As shown in the table, insulators can be from a vegetal, a mineral, an animal, or a synthetic origin 

[2]. Nonetheless, the best insulators used in the insulation of the water heater pipes have a 

synthetic nature. [15]  

In most cases, insulated pipes in the water heating industry are made of the following synthetic 

insulators are: Polystyrene, Polyethylene, and Polyurethane. [15] 

https://en.wikipedia.org/wiki/Watt
https://en.wikipedia.org/wiki/Metre
https://en.wikipedia.org/wiki/Kelvin
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In order to determine the best insulator among them, it is fundamental to compare their thermal 

conductivities.  

Synthetic Insulator Thermal Conductivity in [W/m. K] 

Expanded Polystyrene 0.031<K<0.050    [18] 

Extruded Polystyrene 0.029<K<0.033    [18] 

Polyurethane 0.022<K<0.028    [18] 

Polyethylene 0.4                         [18] 

 

Table 7: Synthetic Insulators and Their Thermal Conductivity [18] 

 

Observation: 

 From the table, we can clearly see that the thermal conductivity of Polyurethane is lower 

than the thermal conductivity of Polystyrene (expanded/extruded) and Polyethylene.  

Deduction:  

 The most adequate insulator to use in our new three heating element water heater is the 

Polyurethane foam as it has the lowest thermal conductivity. 

 

Insulating the Dip Tube and cold water inlet with a Polyurethane Foam:  

 

 

Figure 14: Sketch of the Dip Tube and Water Inlets and Outlets [21] 

Hot Water 

Outlet 

Cold Water 

Inlet 

Dip Tube 
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Similar to standard electric water heaters, the water inlet and outlet of our three element model 

will be placed in the bottom of the tank. 

For this reason, the dip tube will work as an extraction tube of hot water. In other words, if we 

insulate the dip tube and the cold water inlet (with a polyurethane foam of thickness of E= 15 

mm), we will protect it from excessive heat losses. 

To do so, we need to follow these steps [15]: 

 Measuring the pipes [15]: This is the first step to do in order to insulate the pipes with 

the polyurethane foams. In our three-element water heater, our dip tube and cold water 

inlet dimensions will be similar to the ones in 50 L standard electric water heaters: 

Pipe Length in [mm] Diameter in [mm] 

Dip Tube 650  20 

Cold Water Inlet  70  20 

 

Table 8: Dimensions of Dip Tube and Cold Water Inlet 

 

 Cutting the pipes’ sleeves [15]: In this step, we must cut the polyurethane foams [15] to 

match them with the pipes’ dimensions. The dip tube’s insulating sleeve will have a 

length of 650 mm and a diameter of 20 mm, meanwhile, the cold water inlet’s sleeve 

will have L= 70 mm and d= 20 mm.  

 Placing the sleeves [15]: The polyurethane foams must face down the dip tube and the 

cold water inlet. [15] 

 Securing the sleeves [15]: by wiring and clamping them. [15] 

 

4.4. Mechanism of the New Design 

Despite all the changes we have done on the inside of the previous Canadian three element model, 

our design will follow the same mechanism. [11] As a matter of fact, in our design, the upper 

heating element is set to 1400 Watts, the middle to 1120 Watts, and the lower to 280 Watts. It is 

important to note that the three heating elements do not function simultaneously [22] but 
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interchangeably |22] in a way that they do not surpass 1400 Watts. This is how the electric water 

heater’s energy consumption is limited. [22] 

When the demand for hot water is low, only the lower heating element functions to heat the cold 

water coming from the cold water inlet in the bottom of the tank. When the demand increases, the 

middle heating element adds up to the lower heating element in order to heat water rapidly. [22] 

Both the middle and the lower heating elements work alternatively with the heating element. [22] 

In this way, the total watts consumed never exceed the upper heating elements’ watt rate, which 

is 1400 Watts. Ultimately, following this procedure, the cold water gets heated with a less power, 

less energy consumption, but a higher efficiency. 

 

Heat Loss of the New Design: 

The heat loss of our new electric water heater can be calculated using the formula: 

Q= [2 π k h (gradient of T)] /ln (Δ r) [11] 

Q: Heat loss in [W]. 

k: Thermal conductivity in [W/m⋅ K]. 

h: Height in [m]. 

Gradient of T: Temperature gradient in [K]. 

Δ r: Difference between inside radius of the tank and outside radius in [m].  

 

4.5. Advantages of the New Design 

Durable: Our three element model uses three heating elements instead of two, and does not put 

pressure on the heating element. This justifies its long life compared to the standard electric water 

heater that only relies on two elements. [22] 

Ecofriendly: From an environmental perspective, the new three element design constitutes no 

harm for the environment, as it does release any pollutants. [22] 

https://en.wikipedia.org/wiki/Watt
https://en.wikipedia.org/wiki/Metre
https://en.wikipedia.org/wiki/Kelvin
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Energy Conserving: The new three elements model will reduce the energy consumption, as the 

wattage of the three heating elements is less than the one of two heating elements. Moreover, 

similar to the Canadian three element model, our new three heating element water heater reduces 

the demand for electricity during the peak hours. Also, thanks to its pipes’ polyurethane insulation, 

our new model reduces heat losses more effectively, which makes it very economic, from an 

energy point of view. [22] 

Figure 15: Graph of the Energy Consumption of the Standard Electric Water Heater and 

the Canadian Three Heating Element Design [23] 

 

 

Observation: 

The graph above shows the major difference between the energy consumed by the standard two 

heating elements water heater and the three element model. Because our new model benefits from 

a lower wattage than the Canadian model, and a polyurethane insulation, our new design can 

economize more than 300 Kwh in the peak hours. 
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Economical: The new three heating element water heater is financially economical as it 

consumes less energy. Hence, this new design can reduce the electricity bills (of the electric 

water heater) by almost half.  

 

 All this proves that our three element electric water heater meets all the necessary 

requirements to be implemented and used in Moroccan households. 
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CHAPTER 6: 3D SIMULATION OF THE NEW DESIGN 

 

Using SOLIDWORKS, we will simulate our new three element water heater in 3D.  

The figures below demonstrate the different parts of our new design. 

 

Figure 16: Visualization of our new model’s Tank 
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Figure 17: Visualization of One Heating Element 

The heating elements we will use in our model are similar in terms of dimensions, but different 

in wattage (1400 watts, 1120 watts, and 280 watts). The figure above shows the 3D drawing of 

one heating element. 

    Figure 18-a: Dip Tube in 3D Figure 18-b: Dip Tube insulated 

with the Polyurethane Foam 
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The previous figures show the dip tube in 3D. Figure 18-a shows the dip tube before insulation 

and Figure 18-b shows the dip tube after insulation. 

After adding the heating elements to our design, we get: 

Figure 19: Our New Design after the addition of the three heating elements (From Outside) 

 

Inlet and Outlet Pipes: 
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Figure 20: The Final Outer Design of our New Three Elements Water Heater 

 

After adding the three heating elements, the dip tube, and the cold water inlet and hot water outlet 

to the tank, we finally got the 3D design shown in figure 20. 
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III. STEEPLE ANALYSIS OF THE NEW DESIGN 

STEEPLE analysis constitutes a crucial study to carry out for all projects, and so it is for my 

capstone project entitled “MINIMIZATION OF ELECTRIC WATER HEATER’S POWER 

CONSUMPTION USING NEW DESIGN”. The study is conducted from societal, technical, 

economic, environmental, political, legal, and ethical perspectives.  

The table below demonstrates the STEEPLE analysis of my project: 

 

Societal A great number of families lack many major 

facilities, and the domestic water heater is 

one of them. Our new designed three heating 

elements model will socially help individuals, 

and more households will be encouraged to 

install this vital and less power consuming 

appliance in their homes. 

Technological The new design aims to attain energy 

conservation purposes. This innovative 

project idea is new in the Moroccan market. 

The new electric water heater is designed 

based on great modifications on the inside 

material to make it economic and more 

efficient. The design will be 3D simulated on  

SOLIDWORKS. 
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Economic The project idea meets economic goals. The 

new design reduces the power consumption, 

which is linked to electricity bills. The less 

energy the electric heater consumes, the less 

money the individuals pay in electricity bills, 

monthly and annually. This new design is a 

money saving project that will help many 

families, especially in Morocco. 

Environmental The new domestic electric water heater does 

not constitute any harm to the environment. 

This innovative design is eco-friendly as it 

saves electric energy more than the original 

electric heater, which makes it harmless 

ecologically. 

Political From a political perspective, this project is not 

politically oriented, and does not belong to any 

political point of view. 

Legal The design of the new electrical water heater 
 

respects all law regulations. The 
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   implementation of this project is legal and 
 

does not break any law restrictions. 

Ethical The project has an energy and money saving 

purposes, and aims to facilitate the 

individuals’ daily lives. That is, the project   is 

ethical from human and environmental 

perspectives. The project does not harm the 

code of ethics. 

 

Table 9: STEEPLE Analysis of the Design. 
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IV. CONCLUSION 

This cooperative capstone project “MINIMIZATION OF ELECTRIC WATER 

HEATER’S POWER CONSUMPTION USING NEW DESIGN” enabled us to conduct 

studies and perform analyses on the domestic electric water heater. In fact, it is important to 

highlight that the background and the literature review constituted foremost phases in this 

project, as they allowed us to better understand the domestic water heater’s types, 

materials, different functioning, and the major similarities and divergences between the 

simple and professional water heaters. Moreover, in order to design our new electric water 

heater that meets our economic and energy saving goals, the energy assessment, which 

showed the high amount of energy consumed, was fundamental to precisely acknowledge 

the amount of power consumed by a standard water heater. Actually, the study of the inside 

of the electric water heater was conducted in order to conserve more power and reduce 

heat losses within the domestic electric water heater’s tank. In fact, the suggested new 

design of the domestic electric heater consisted of the use of three heating elements instead 

of two, with a lower wattage rate. This innovative model was proved to be efficient by its 

reduction of heat losses. To maximize the power saving, the new model’s inlet and dip 

pipes were insulated by polyurethane foams to increase the thermal performance of the 

electric water heater. Using SOLIDWORKS, we could visualize the whole design in 3D. 

Finally, the implementation of this project in real life has high chances to serve Moroccan 

households, and decrease electricity bills by almost half. Hence, the adoption of this model 

in the Moroccan Market will enhance the electric water heaters’ efficiency and thermal 

performance, and lower electricity bills. 
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