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1. Introduction 

1.1 Literature review  

Morocco is one of countries that has a huge potential when talking about renewable energies, 

especially when it comes to generating solar and wind power. To avoid being penalized by its big 

oil bills, the country has decided to change its energy policy by developing a two-track strategy. 

The country encourages local production of fossil fuels by exploring deep-water deposits of oil 

and it is directed towards increasing the share of renewables in its energy mix [26]. 

 

Figure 1: The Potential of renewable energies in Morocco (Wind farms and solar projects mainly)  

The objective of this project is to determine the different impacts of renewable energy on the three 

dimensions of sustainable development: environmental, social, and economic impacts on 

governance. Thus, it was proved how the development of renewable energies in Morocco can 

improve the economy. Moreover, it will also eliminate the dependence of the rural poor areas to 

the use of firewood for heating purposes. As a direct result, their vulnerability to climate change 

can be reduced for better conditions of living [1]. 

The findings related to green energies show that Morocco is on the right track with when it comes 

to the renewable energies and the adoption of the new strategies involving the energy mix. Indeed, 

the development of renewable energy projects has very attractive environmental and economic 

impacts. Social impacts are considerable, particularly the social inclusion of local rural populations 

by disabling the isolation. Despite its advantages, the development of renewable energy projects 

does not affect directly the use of firewood. In other words, the development of renewable energy 

projects does not ensure fully the energy security of the rural poor areas. Consequently, it makes 

the local areas vulnerable to climate change [1]. 
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Figure 2: The adaptive framework to reduce vulnerability in rural areas 

The energy crisis in urban areas has a very different sense compared to the energy crisis in rural 

areas. In urban areas, energy crisis is described by the rise of oil and gas prices meanwhile in rural 

areas the lack of energy resources is the center of concern [1]. 

This crisis is crucial due to three main reasons:  

- The vital needs are important especially cooking food and heating homes  

-The working force since more than 40% of the working force lives in rural area 

-The direct consequences for the environment and health. 

In rural areas, the energy-related issues require a profound reflection on the drivers of change that 

can improve the living conditions of rural populations. Morocco seeks to secure its supply by 

focusing on several energy sources such as natural gas, coal, wind energy, solar energy. To achieve 

this, several projects for the production of fully replenished energies are being developed [2]. 

Therefore, the focus is on the most efficient energy resource missing in these areas and their impact 

on the poor Moroccan rural population especially in the region of Ifrane where the climatic 

conditions are not very favorable. However, there are many other types of energy that could be 

profitable in rural soil and has many advantages such as geothermal energy used especially in 

places with large temperature gradients [2]. 

 

Figure 3: The process of changing a primary green energy to a useful and efficient energy 
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1.2 The principle of geothermal energy 

The Word Geothermal has some Greek origins: The first component “Geo” describes the earth 

meanwhile “Therm” designs the heat coming from the earth [3].Heat can be used in a remarkable 

ways as an energy source starting from complex power stations to simple heat pumps system. In 

fact, this energy derived from heat is known as “Geothermal energy” and can be found 

approximately everywhere in the globe [3]. To be specific, geothermal energy is literally the heat 

contained within the earth that generates geological phenomena on a planetary scale [3]. This same 

energy indicates the part of earth’s heat that can be recovered and exploited by humankind [3]. 

 

Figure 4: The Geothermal energy concept  

The geothermal system can be described schematically as ‘Convecting water in the upper crust of 

the earth, which, in a confined space, transfers heat from a heat source to a heat sink, usually the 

free surface” [4]. 

 

Figure 5: The description of the geothermal system in 3D design 
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A geothermal system is made up of three main elements: 

 Heat source: Can reach at relatively shallow depths (From 5km to 10km) a temperature 

higher than 600°C mainly composed from magmatic intrusion. At a normal depth, we 

usually derive a relatively normal temperature using low-temperature system [5]. 

 Heat pump: The temperature of the earth uses the heat recovery process since the earth has 

a constant temperature and supplies the air using the ground loops. The energy coming 

from the ground is collected using tubes and mainly used to give a pre-heat to the air supply. 

The energy stored is then transferred to the fresh air supply via the heat exchanger to be 

sent to the heat distribution device. The system contains also an expansion valve and a 

compressor respectively responsible for expanding the fluid to make it cool down and 

raising the pressure to transform it to water vapor [5]. 

 Reservoir: The volume of hot permeable rocks from which the circulating fluids extract 

heat. Usually, the reservoir is covered with impermeable rocks and directly linked with a 

surficial recuperation area through which the meteoric waters can partly replace the fluids 

that outflow from the reservoir through springs or are extracted using boreholes[5]. 

 Heat-carrier fluid: The geothermal fluid is usually water but it can be mixed with some 

polymers to enhance the calorific capacity .It is usually between liquid and vapor phase, 

depending on temperature and pressure. This thermal fluid carries with it chemicals and 

gases such as carbon dioxide (CO2) and hydrogen sulfide (H2S) [5]. 

 Distribution system: The system responsible for the transfer of the energy gathered from 

the ground to the house willing to be heated. Can be either In-floor system or a ducted 

system [5]. 

 
Figure 6: The geothermal cycle with the components 
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In fact, the ground beneath us is in a constant temperature which implies that it is warmer than the 

air outside during winter and cooler during summer. By inserting in the ground pipes to transfer 

heat, the geothermal energy works efficiently by transporting energy without creating it using fuel 

or other means [5]. 

We can distinguish two types of application:  

Winter Operation: The underground pipes, called also ground circle, course water which 

retains the warmth from the earth and returns it to the indoor heat pump. The heat pump 

separates the warmth from the fluid then disperses it all through your home as warm air. 

With the heat uprooted, the water is re-flowed to collect more energy from the beginning. 

For this situation, the circle water is hotter when it comes into the home than when it does 

a reversal into the earth [6]. 

 

Figure 7: Geothermal application for heating 

Summer Operation: The indoor heat pump takes the hot air from your home and uproots 

the heat. This leaves behind cool air to be dispersed when ventilating. The expelled heat 

from the air is rejected into the earth through the ground circle. For this situation the water 

is hotter leaving the home then when it returns since warmth is rejected into it [6].  

 
Figure 8: Geothermal application for cooling 
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The hidden instrument of geothermal system is mainly characterized by liquid convection. 

Convection happens in view of the warming and results in warm extension of liquids in a gravity 

field. Heat, which is supplied at the base of the flow framework, is the energy that drives this 

framework. Creased liquid of lower thickness tends to rise and to be replaced by colder liquid with 

high thickness, originating from the edges. Convection, by nature, tends to build temperatures in 

the upper part of a framework as temperatures in the lower part diminish [7].  

The marvel recently depicted appears to be a significant since the recreation of a decent model of 

geothermal framework is in shape and efficiency not simple to design. It requires ability in 

numerous orders and an immense design effort, particularly when dealing high-temperature 

frameworks such as power plants. Geothermal frameworks likewise happen in nature in an 

assortment of topographical, physical and synthetic combinations. Subsequently, it is hereby 

offering ascend to a few distinct sorts of systems [7].  

Considering the number of components of a geothermal framework, the warmth source is the stand 

out that need lot of regulations when setting the system. If all the conditions are positive, some 

other components could be added up to secure the essential components. For instance, the 

geothermal liquids purchased from the store to drive the turbine toward a geothermal force plant 

could be infused again into the supply through particular infusion wells. Along these lines, the 

common energizing of the supply could be incorporated with the right distribution system. For a 

long time, re-infusion has been embraced in different parts of the world as a method for definitely 

increasing thermal units when dealing with power plant operations [7].  

To insure a very efficient use of a geothermal system, it is important to find normal or slightly 

above normal geothermal gradient. The best parameters could be found in regions around the plate 

margin where thermal gradient is considerably important. In the first case scenario where the 

thermal gradient is normal, it is usually around 100°C at economics depths. In the second case 

scenario, in a range from low to high, even above 400°C.At a house scale, the temperature is 

usually set to be 25°C with a slight variation with respect to regions. Consequently, the depth is 

usually does not overcome 30m to reduce the installation price and make it profitable when it 

comes to heating homes [7]. 
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1.3 The situation of geothermal energy in the world  

The use of geothermal energy in the world is currently growing. In 2005, the installed capacity 

was approximately 28,000 MWth. Similarly with regard to power generation facilities, the current 

total installed capacity reached 8,900 MWel. New power plants are under construction in ten 

countries, for a total production of over 500 MWel by 2010 with a threshold of 10,000 MWel [8]. 

 

Figure 9: Geothermal Installed Capacity Forecasts for 2012, 2020, and 2025 

Temperatures above 1000°C prevail over 99% of Earth. Temperatures below 100°C are 

encountered only in the closest 3 km to the surface, which represents only 0.1%. The earth's 

temperature in Central Europe is around 12 ° C at a depth of 10-20 meters. Closer to the surface, 

weather conditions influence the temperature. In the deeper layers, the law of geothermal gradient 

prevails: the temperature increases by one degree every 33 meters of depth [8]. 

Numerous places around the globe are tapping geothermal resources as a reasonable and feasible 

answer for reducing dependence to fossil powers with all the temperature changes occurring 

associated with health issues that outcome from their utilization. These geothermal offices all 

around the world delivered roughly 68 billion kilowatt-hours of power which is highly enough to 

meet the yearly needs of more than 6 million ordinary U.S. family units. Geothermal plants 

represent more than 25 percent of the power delivered in both Iceland and El Salvador [8]. 

With a capacity of almost 2,000 MWel each, the United States and the Philippines are at the 

forefront of geothermal electricity producers in the world. After Indonesia, Mexico, New Zealand 

and Italy, leader in Europe, with a total of about 800 MWel [8]. 
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  Figure 10: Leaders of Geothermal energy in the World 

Globally, the use of earth heat continues to grow, for the production of heat and electricity. It is 

undeniable that the geological environment influences the production. The more compact the soil 

is, the least air interferes in the heat exchanges which implies more heat retention capacity [8]. 

During the last five years, the production of energy mainly issued from geothermal system rose by 

4% every year on a global level. In fact, we should distinguish between the multiple scales of 

geothermal energy which are:  

 High energy geothermal system: The high energy geothermal resources with 

temperatures above 150°C are located between 1.5 and 3 kilometers deep, in the 

geographical areas with an unusually high geothermal gradient. They correspond to 

volcanic areas near the borders of the lithospheric plates such as the "Ring of Fire", located 

in the Pacific arc of the Lesser Antilles or even Mediterranean arc without forgetting great 

African rift mainly known for ancient volcanic convection activities [8]. 

 Middle energy geothermal system : Present in many parts of the world, the average 

energy resources (90 to 150°C) are found in the same geological setting as high geothermal 

energy except that in a lesser depth (below 1 kilometer).They also hide in sedimentary 

basins at depths of 2 to 4 kilometers. It also manifests itself in many localized areas where 

gaps occur in rocks, in geological disruptions through which water can easily go up to the 

surface, signaling his presence by hot springs [8]. 

 Low energy geothermal system: Low energy geothermal power (below 90°C) is present 

in many parts of the globe: the Amazon Basin and the Rio Plata in South America, the 

Boise area (Idaho) and the Mississippi-Missouri basin of USA, Pannonia Basin in Hungary, 
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the Paris Basin and Aquitaine in France, the artesian Basin in Australia, the Beijing region 

and Central Asia ... [8]. 

 Very low energy geothermal system: Everywhere, anywhere in the world, including in 

the crystalline basement areas, it is possible to gather and transform the heat stored in the 

upper layers of the basement a few meters deep to heat homes through geothermal heat 

pumps [8]. 

 

 

Figure 11: Potential of each country with respect to types of geothermal energy 

The power installed in the 55 countries that declared the direct use of this source in 2000 was 

estimated to be 15GW and the energy used is determined to be 53TWh/an, which is equivalent to 

1% of the world energy consumption. In 2005, More than 70 countries declared the use of 

geothermal energy for heating purposes. The power generated was estimated to be 27GW, which 

corresponds to 70TWh/an [8]. 

 

 

 

 

 

 

Figure 12: Production of heat with respect to countries (Geothermal energy) 



17 | P a g e  
 

1.4 The advantages/disadvantages of the system 

The advantages of geothermal and various and multiple:  

 
1. Geothermal energy is by and large considered eco-friendly and does not bring 

pollution compared to others ways of generating energy 

Geothermal energy is generally considered environmentally friendly. There are a few 

polluting aspects of harnessing in geothermal energy, but these are minor compared to 

the pollution associated with conventional fuel sources. The carbon footprint of a 

geothermal power plant is relatively minimal. Further development of our geothermal 

resources is considered helpful in the fight against global warming[9].An average 

geothermal power plant releases the equivalent of 122 kg CO2 for every megawatt-

hour (MWh) of electricity it generates which represent one eight of the carbon 

emissions associated to a typical coal power plant[9]. 

 

Figure 13: Geothermal energy viewed as an eco-friendly source of energy 

 

2. Geothermal supplies are actually rechargeable and accordingly renewable  

 

Geothermal stores originate from characteristic assets and are actually renewed. 

Geothermal energy is along these lines a renewable energy source fully replenished. 

Maintainable is another name utilized for renewable wellsprings of energy. At the end 

of the line, geothermal vitality is an asset that can maintain its own utilization rate not 

like the routinely used energy sources such as coal and fossil powers. The energy in our 

geothermal supplies will actually last till the end of convections of earth ground [9]. 
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Figure 14: Chart of all the energies that are rechargeable and renewable  

 

3. Massive potential according to the assessments that demonstrate an overall 

capability of 2 terawatts (TW).  

 

Worldwide energy consumption is estimated to 15 terawatts (TW) which is not 

anywhere near the amount of energy stored in earth. However, most geothermal 

reservoirs are not fully profitable which makes utilization of the potential in a small 

portion. Realistic estimates for the potential of geothermal power plants vary between 

0.035 to 2 TW [9].Geothermal power plants across the world currently deliver about 

10,715 megawatts (MW) of electricity which is far less than installed geothermal 

heating capacity (about 28,000 MW)[9]. 

 
Figure 15: The geothermal station in Iceland (25 percent of the electricity)  
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4. Excellent for meeting the base burden energy request (rather than different 

renewables, for example, wind and sun based).  

 

Geothermal energy is a dependable wellspring of energy. We can anticipate the force 

yield of a geothermal plant with wonderful accuracy. Which is not the case while 

talking about sun and wind based energies where climate has huge influence in force 

creation. Geothermal force plants are hence great for meeting the base burden energy 

request [9].Geothermal force plants have a high limit component since genuine force 

yield is near aggregate introduced limit. The worldwide normal force yield was 73% 

(limit component) of aggregate introduced limit in 2005, yet as much as 96% has been 

illustrated [9]. 

5. Great for warming and cooling since even little family units can advantage.  

We require water temperatures of more than 150°C or more prominent keeping in mind 

the end goal to successfully turn turbines and create power with geothermal process. 

Another methodology is to utilize the temperature distinction between the surface and 

the ground source. The earth is for the most part more impervious to regular 

temperature changes than air. Thusly, the ground just a few meters underneath the 

surface can go about as a warmth sink/source with a geothermal warmth pump (much 

similarly an electrical warmth pump works).We have seen an enormous development 

in the quantity of property holders that use geothermal warming/cooling in the last 

couple of years.  

 

Figure 16: Geothermal energy for heating and cooling 
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The system also presents other advantages that are less important such as: 

1. Harnessing geothermal vitality does not include any powers, which implies less cost 

changes and stable power costs.  

2. Geothermal vitality is accessible all over the place, albeit just a few assets are 

productively exploitable.  

3. Recent innovative progressions have made more assets exploitable and brought down 

expenses related to the installation of the system 

 

Figure 17: The main benefit of geothermal energy in home energy 

On the other hand, like in every renewable energy system, there are some disadvantages: 

1. There are some minor environmental issues associated with geothermal power. 

There is a wealth of gasses beneath the surface of the earth, some of which mitigates 

towards the surface and into the climate. These emanations have a tendency to be higher 

close geothermal force plants [9]. Geothermal force plants are connected with sulfur 

dioxide and silica outflows, and the supplies can contain hints of dangerous 

overwhelming metals including mercury, arsenic and boron[9].Notwithstanding what 

we look like at it, the contamination connected with geothermal force is no place close 

what we see with coal force and fossil energizes[9]. 
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Figure 18:  Emissions of gases in the industry scale  

2. Geothermal power plants can in extreme cases cause earthquakes. 

Development of geothermal force plants can influence the dependability of area. 

Actually, geothermal force plants have led to subsiding movement of the earth's surface 

in both Germany and New Zealand. Seismic tremors can be activated because of water 

powered breaking, which is an inborn piece of creating upgraded geothermal 

framework power plants[9].Only several years back, the development of a geothermal 

influence plant in Switzerland set off a seismic tremor with a size of 3.4 on the Richter 

scale[9]. 

 

Figure 19: excessive use of geothermal energy can cause earthquakes  
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2. There are heavy upfront costs associated with both geothermal power plants and 

geothermal heating/cooling systems. 

Business geothermal force tasks are costly. The investigation and boring of new 

repositories accompany a lofty sticker price. Downright expenses as a rule wind up 

some place between 2 and 7 million dollars for a geothermal power plant with a limit 

of 1 megawatt. As beforehand specified, most geothermal assets cannot be used in a 

financially savvy way to reach a certain level of heat appropriation and energy cost. 

The forthright expenses of geothermal warming and cooling frameworks are likewise 

sharp. These frameworks are prone to spare you cash years down the line, and ought to 

in this way be viewed as long haul speculations. Ground source heat pumps normally 

costs $3,000 to $10,000 and have a payback time between 10 and 20 years [9]. 

 

Figure 20: The initial cost of a geothermal energy in Pennsylvania 

3. Very location specific (most resources are simply not cost-competitive). 

Great geothermal repositories are difficult to find. A few nations have been honored with 

awesome assets. As a matter of fact, Iceland and Philippines meets almost 33% of their 

power request with geothermal energy [10].On the off chance that geothermal energy is 

transported long separations by the method for boiling point water, critical energy 

misfortunes must be considered [10]. 
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4. Geothermal power is only sustainable (renewable) if the reservoirs are properly 

managed. 

Water leaks through the world's surface and into the geothermal stores over a large number 

of years. Concentrates on demonstrate that the supplies can be drained if the liquid is 

uprooted speedier than supplanted. Endeavors can be made to infuse liquid once again into 

the geothermal repository after the warm vitality has been used (the turbine has produced 

power). Geothermal force is economical if supplies are appropriately overseen. This is not 

an issue for private geothermal warming and cooling, where geothermal vitality is being 

utilized uniquely in contrast to as a part of geothermal force plants [10]. 

1.5 Introduction to the problematic  

The main question that we are trying to ask throughout this project is the following: 

“Is the geothermal energy for heating purposes applicable in the region of Ifrane?” 

This problematic creates a multitude questions related to the same topic: 

 Is the geothermal energy a renewable source of heat? 

 How does it really work and it is presenting advantages for future perspectives? 

 Is it profitable regarding when it comes to cost-benefit analysis? 

 Why is geothermal considered a renewable energy resource? 

 Does this system require a lot of work to install and a lot of maintenance?  

 Will the underground loops affect my landscaping? 

 How much energy can this system generate? 

 Are the configurations of this system harmful for the landscaping?  

 Will this system solve the energy issue in the region of Ifrane?  

 What are the advantages of geothermal generation over other forms of renewable 

power? 

 How big is the potential market for geothermal generation? 

 Will this technology be applicable in the region of Ifrane? 

 What are the materials that would give us the best coefficient of performance?  
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1.6 Methodology of work  

In order to operate this project, we will start first by setting a common background regarding 

geothermal energy:  

 Definition of geothermal energy  

 The principle behind that energy  

 The advantages/disadvantages of the system  

 The geothermal system with all its components and the process 

 The situation of geothermal energy in the world  

After setting this common background, we are going to start by analyzing the soil of Ifrane. This 

analysis consists on finding the right gradient of temperature to make this energy applicable in the 

region of Ifrane. The soil analysis consists on finding if the composition of the soil helps for 

retaining energy in order to know how deep we will able to dig in order to gather the energy from 

the ground. 

After the soil analysis comes the part where we are going to choose to the distributions regarding 

the ground loops, the thermo-fluid, the heat pump and the distribution. These elements are multiple 

and depending on the application we are going to choose the right elements with the right 

configurations. 

After finding all the configurations needed for our application, the dimensioning comes to the right 

track by setting the house willing to heat using the geothermal system. Depending on the data 

regarding the house, we need to the design the right dimensioning of the pipes, the heat pump and 

the reservoir tank using heat calculations needed for an ambient temperature in the house. 

After the theory comes the practice, we design our system in 3D using Solid works by setting all 

the elements to the right sizing. By doing this, we will be able to re-use that design to generate the 

data needed using the software Design builder. We will be able to simulate the amount of energy 

needed and the power needed to heat the house to a room temperature. The comparison of the 

calculated values and the simulated values comes at this point where the values should be normally 

matching since they are considering the same parameters. 
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Behind every system designed there is a cost associated. In fact, we are going to do the cost analysis 

of our system in order to know how much a person should invest to benefit from all the advantages 

the system can provide. A Comparison with the other ways of heating will be done to show how 

efficient is our system. 

Another element that plays a major role in every single design is choosing the right material for 

each element. Depending on our elements, we will be choosing the best materials that could be 

associated with each element in order to create the most reliable geothermal system. 

After finishing this part regarding the right choice of material, we will able to conclude that the 

geothermal energy is very profitable in the region of Ifrane and could be a turning point for the 

energy crisis in the region. Even if the beginning cost is quite important, the advantages that this 

energy will generate will be seen in the long. It is mandatory to mention a future work of this 

project which could be working on how to enhance the calorific properties of the thermo-fluid in 

order to enhance the system and make it more profitable. 

1.7 Steeple Analysis  

Social: 

Eco-friendly processes start from a single initiative undertaken by a single person to reach a global 

scale. In fact, putting more efforts on making one of the greenest places in the world greener will 

be beneficial at all the levels:  

 Local people benefiting from a healthier environment is the key  

 Attracting visitors to discover more the little Switzerland is a goal 

 Creating a community caring about an eco-friendly environment is to achieve  

Technological:  

Technology when associated with the right thinking is generally all benefits. Technology, when 

introduced to this field, will be able to reduce environmental issues and at the same time make 

energy cost efficient. As every successful project, it starts from a community to become global. 

By following this path, Morocco could probably enhance these technologies and reduce the 

amount of energy imported from other countries. 
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 Economic:  

In the economy field, importing energy never rhymes with cost efficiency. The demand of energy 

never stops increasing which implies that exporting energy is no longer a solution for the energy 

demand. By opting for green energy, people will be able to reduce the electricity bills, emissions 

of C0².As a result, Morocco would be able to reduce energy cost and its dependence to other 

countries in terms of energy 

 Environmental: 

The objective of this project is to generate energy from a natural convection system already 

available in the ground. As a matter of fact, this energy is totally replenished, green and sustainable. 

By reducing energy production through burning coal or petroleum products, our planet will be less 

suffocating from emissions of CO² and will prepare the right background for the future generations. 

Political & Legal:  

In different types of projects, laws and regulations are mandatory elements imposed by the 

government with the aim of protecting citizens from natural disasters. This project sticks to all the 

texts of laws regarding renewable energies and brings a big added value to the people willing to 

opt for this process of green energy. 

Ethical:  

Ethics is mainly fighting the idea of citizens being better taking than caring. In detail, protecting 

the environment is in the top list of ethics. This project is presents a double efficient system that 

allows sustainability then economic profit.  

2. The analysis of Ifrane region 

2.1 The soil analysis in the region of Ifrane  

In Morocco, We can distinguish multiple types of soil that were developed in multiples geological 

areas and multiples climatic contexts and that changes with respect to topology [11].This region 

has the advantage of soil composition since there is a common background between the different 

types of rocks forming the region. Consequently, the soil has multiple sources with a common 

background shared when it comes to the nature of the rock. 
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In the Saiss region, which is the main element of our analysis, the three dominant types of soil are: 

 Calcimagnesic soils (the most prevalent by 63%) 

 Fersialitic soils (15%)  

 Vertisols soils (22%)  

 

Figure 21: The Saiss region described using topology 

These three types of soil in the Saiss region share some common background: They are all derived 

from the volcanic rocks and include in their constitution the following elements:  

 high organic content in the soil  

 contains limestone mixed with clay (Which explains the ability to retain energy) 

 High concentration of Iron  Magnesium  

The common point between all these types of soils is that they are all derived from the same 

volcanic activity that was in the Saiss region in the Tertiary period. In fact, the composition of the 

soil is mainly from volcanic rocks that were reduced to powder in order to be a major part in Saiss 

soil [11]. 

The main element linking these volcanic rocks is that they have a great thermal capacity and have 

a great ability to retain the heat [11]. 

The table below shows exactly the capacity of each magmatic rock: 
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Figure 22: The thermal capacity and conductivity of magmatic rocks 

This table shows clearly that the magmatic rocks have the ability to retain huge quantities of heat 

which consequently brings to the mind that the Saiss region soil has the ability to retain heat. In 

fact, the soil in the region of Ifrane is not essentially composed of magmatic rocks, other substances 

are present in the ground and do share the same properties as these previous rocks [11]. 

 

Figure 23: The other elements composing the soil of Ifrane 

The soil of Ifrane is composed of very specific unconsolidated rock which is the clay. By looking 

at the previous table, we can notice that this elements present a relatively high thermal capacity 

compared to other elements which shows once again that the soil in the region of Ifrane present all 

the thermal advantages[12]. 
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By taking a closer look of how compact is the soil of Ifrane, We can say that the more compact is 

the soil, the better is the thermal capacity. As we can see from the following table, the air has a 

very low thermal capacity which implies that it has the ability to diffuse energy in the surrounding 

[12]. 

 

Figure 24: The other substances composing the soil with their thermal capacity 

The soil of Ifrane has the property of being very compact. This implies that the amount of air in 

the ground is very low. Consequently, this elements shows once again that the soil of Ifrane has a 

good thermal capacity and can work efficiently for our geothermal energy application [12]. 

2.2 The temperature gradient analysis in the region of Ifrane  

After analyzing the soil of Ifrane, we were capable of deriving from it the graph representing the 

change of temperature gradient with respect to the depth [26]. 

 

Figure 25: The change of temperature with respect to depth in the Saiss region 

By analyzing the graph, we can notice that the function represented is not a linear mainly because 

there is at some points in the soil some disruptions relative to the soil composition. To interpret 

the results, the graph was approximated to be a linear function using the points derived from the 

different point of applications that were used.  
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For a low geothermal energy that we can use for generating heat for domestic use, we analyze the 

heat generated at 15m using the graph. Using the line approximation , we get that at 15m the 

gradient is represented as DT=30°C.Since our use of geothermal energy for heating will not exceed 

digging pipes of 15m , We can interpret the following results :  

 The Temperature gradient is changing in a constant way in the first 50m 

 At a depth of 15m , the temperature is recorded to be 30°C in the ground  

 The Temperature gradient is 0.6°C for each 1m 

 The soil is composed of volcanic rocks which have the ability to retain heat  

 The soil is very compact which helps for heat retention  

 

Figure 26: The Natural Data relative to the region of Ifrane derived from RetScreen 

 

This previous graph represent the change of temperature of both air and soil in the region of Ifrane 

per months of the year. This data was extracted from a software Named “RETScreen Clean Energy 

Management Software” Usually shortened to Retscreen. The software helps you to analyze all the 

features of a clean energy based on the data available [13]. To derive the temperature data, the 

software asks you to plug in the latitude and the longitude of the region willing to study [13]. 

 These elements helps the software localize the region willing to study and determines the 

following elements:  

 The air temperature (°C) 

 The relative humidity (%) 

 The atmospheric pressure (kPa) 

4.1 5.2 6.6 8 11.8 15.9
21.2 21.4 17.9

12.5
7.8 4.7

8.3 11.2
15.6
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24

29.6
33 31

26.3
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14.2
9.8

Change of temperature in Ifrane

Air Temperature(°C) Soil Temperature(°C)
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 The Wind speed (m/s) 

 The earth temperature (°C) 

 Heating and cooling degrees per day (°C/d) 

By taking in consideration the annual term, we have:  

 The average temperature of the air during the whole year is estimated to 11.5°C. 

 The average temperature of the soil during the whole year is estimated to 20.3°C 

 The temperature difference between the air and the soil(at 0m) is : 

DT=20.3°C-11.5°C=8.8°C 

(The choice of geothermal energy is justified starting from DT=5°C) 

By taking in consideration the coldest part of the year, we have:  

 The coldest period of the year is the is the period of December , January and February  

 The average temperature at this period is : (4.7°C+4.1°C+5.2°C)/3=4.67°C 

 The temperature difference between the  air temperature and the soil at 15m from the 

previous graph is :  

DT=30°C-4.67°c = 25.33°C  

(The choice of geothermal energy for heating is largely justified) 

By taking in consideration the hottest part of the year, we have:  

 The hottest period of the year is the is the period of July , August and September  

 The average temperature at this period is : (21.2°C+21.4°C+17.9°C)/3=20.16°C 

 The temperature difference between the  air temperature and the soil at 15m from the 

previous graph is :  

DT=30°C-20.16°c = 9.83°C  

(The choice of geothermal energy for cooling is largely justified) 

 

 

 



32 | P a g e  
 

3. Dimensioning the system 

3.1 The essential components of a geothermal system 

The essential components for our geothermal system are:  

Ground loop (Heat pump system): An underground closed loop system consists of a high 

density polyethylene pipes buried in your yard. The pipes carry a heat transfer fluid (which 

transfer heat), consisting of water and antifreeze in most of the cases. This fluid extracts 

heat from the soil surrounding underground piping in the heating mode and returns to the 

ground in the cooling mode. The heated coolant is transported through pipes to the ground 

loop heat pump located in the house [14]. 

Heat transfer fluids:  The heat transfer fluid is a fluid, normally liquid, which is circulated 

to carry, remove and dissipate energy as heat, a power source to a thermal load. Each heat 

transfer fluid is selected depending on its physicochemical properties such as viscosity, the 

volumetric heat capacity, the latent heat of vaporization or liquefaction in case of phase 

change and the thermal conductivity. The heat transfer fluid is also selected according to 

its anticorrosive properties and its cost. Although the unlikely, leakage of coolant of the 

geothermal circuit may have significant repercussions on the environmental and building 

occupants. It is for the designer to use discretion when selecting the heat transfer fluid. A 

comprehensive risk analysis, life cycle and peripheral accessories for a coolant of choice 

are all elements that should be considered when selected [14]. 

Distribution system: In a forced air ventilation system, a fan in the breath air heat pump 

that circulates through a fan coil that warms or cools the house through a duct system. In a 

hydronic system, hot water circulates through radiators or in a network of pipes installed 

under the floor to heat the house. [14] 

Some elements could be added to our system in order to make it more operational and efficient by 

avoiding the energy loss during the heating/cooling process:  

De-Super heater - Geothermal heat pumps may include a device known under the name 

de-super heater to reduce domestic water heating costs. In summer, the de-super heater 

recovers part of the heat that would otherwise be transported to the ground loop to heat 

water. In winter, part of the heat pump capacity can be diverted from the space heating for 
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the same purpose. De-super heaters save about 25% on the domestic water heating costs 

[14]. 

Additional or auxiliary electric heater: Most geothermal systems are designed to include 

heating auxiliary electric heater. Typically, the auxiliary electric heater is installed to your 

contractor to choose a heat pump system whose power is the basic heat load of your home, 

and rely on the electric heater to provide additional heat for a few very cold winter 

mornings. In addition, the equipment provides a source of emergency heat in case where 

there would be operating problems with the geothermal system. The recommendation will 

depend on various factors including: the size of the house and yard, the calculation of 

nominal heat loss of your home, the soil conditions, the size of the equipment, the use of a 

de-super heater the requirements with respect to the inlet temperature of the coolant and 

the availability and quality of the groundwater[14]. 

3.2 The ground loop Analysis  

Horizontal Ground Loop: 

 

Figure 27: The representation of The Horizontal Ground loop 

This application of ground loop works mainly in rural areas where space permits, where it is easy 

to dig and very wet soils are ideal for these systems. This configuration is one of the most spacious 

distributions [15]. 

Factor to consider: 

• The configuration with horizontal closed loop requires more space than all other configurations. 

The pipe is generally buried with a depth of about 2 to 3 meters (6 to 10 feet) below loop-shaped 

continuous or a series of parallel loops [15]. 

https://www.hydro.mb.ca/your_home/geothermal_heat_pumps/gif/horizontal_loop.gif
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• Design plays an essential role, since the length of the horizontal pipes varies from 90-1000 meters 

per ton of produced heat [15]. 

• The most appropriate properties in the horizontal closed loop configuration are rural properties 

of more than one acre [15]. 

• Horizontal loops are not recommended in dry sandy soils and gravel soils. Their models include 

a single pipe, the two pipes, four pipes and a pipe coil, although the most common models are the 

configurations two pipes and four pipes [15]. 

Vertical Grounds loop: 

 

Figure 28: The representation of vertical ground loop 

Vertical loops are ideal for land whose area is limited or where other loop configurations are not 

economic [15].This configuration is the only one providing this very crucial advantage of 

economic cost. 

Factors to consider: 

• As the soil temperature is more constant at a depth of about 6 meters (20 feet) and the vertical 

loops require fewer pipe lengths than horizontal loops [15]. 

• The vertical drill holes are about 13 to 18 cm (5-7 inches) in diameter and the recommended 

distance between the holes is 10 to 20 feet [15]. 

• A pair of 3/4 pipes; to 1 1/4 inches in diameter connected by a U-bend at the lower end is inserted 

into each borehole. Pipes placed in each of the holes are connected in an in-ground trench 4 to 6 

feet below ground level [15]. 

• The design also plays an essential role in the vertical closed loop systems, because the pipe length 

ranges from 91 to 183 meters (300 to 600 feet) per ton of produced heat. 

https://www.hydro.mb.ca/your_home/geothermal_heat_pumps/gif/vertical_loop.gif
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• It is possible that your contractor digs a hole exploration drilling to determine soil conditions to 

confirm the length and design of the loop before installation [15]. 

Open Loop wells: 

 

Figure 29: The representation of Open Loop wells 

The properties with access to a good supply of quality well water are best suited to the open loop 

system. These systems directly extract the heat from the water from a well. Water is pumped from 

a feed shaft to the heat pump, and then returned to another well (“return wells") [15]. 

Factors to consider: 

• In general, the temperature entry of water from an open-loop system is approximately 6 ° C 

higher than that of water in a closed loop system. A higher water inlet temperature can lead to 

improved efficiency of a heat pump system [15]. 

• Sources of water with high salt content, chlorides or other minerals are not recommended for 

most heat pumps, because these substances can cause early system failure or inefficient operation 

[15]. 

• To reduce mineral deposit formation problems, you should ask your contractor to clean and 

maintain every year the heat exchangers of the heat pump [15]. 

• The pumping power can become an issue in installations that require deep supply well [15]. 

Closed Loop Lake or pond: 

 

Figure 30: The representation of Loop Lake  

https://www.hydro.mb.ca/your_home/geothermal_heat_pumps/gif/well.gif
https://www.hydro.mb.ca/your_home/geothermal_heat_pumps/gif/lake.gif
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It may be necessary to obtain authorizations bodies responsible for the environment in your area 

[15]. 

The loop must be: 

 Properly anchored to remain at the bottom; 

 Submerged deep enough; 

 Protected on the bank to avoid being displaced during spring break. 

The closed loop system of lake or pond is an extremely specialized setup. It is therefore important 

that the contractor has sufficient experience and understands all aspects of this type of installation 

[15]. 

The right ground loop distribution needed for our application is: The vertical ground loop. 

The reasons behind this choice are multiple:  

 The vertical ground loops require fewer pipe lengths than horizontal loops. 

 This Ground loop distribution is ideal for limited lands like Ifrane 

 This Vertical ground loop distribution is ideal for small digging ( 10-15 m) 

 There is no special permission for digging holes in this configuration 

3.3 The Transporting fluid Analysis  

Propylene glycol: In the family of glycol is propylene glycol. Propylene glycol is used in the food 

industry as an emulsifier in sauces and seasonings or flavorings in liquid as solvent. It is therefore 

non-toxic, stable and non-reactive. Propylene glycol is however viscous, expensive and less 

efficient to "carry" energy because of its low volumetric heat capacity [16]. 

Ethylene glycol: Ethylene glycol is primarily used as antifreeze and coolant. Its freezing point is 

low, it was also used as de-ice for windshields and expensive reaction. Engines as propylene 

glycol, ethylene glycol has the major disadvantage of being toxic or fatal if swallowed. Its 

sweetness pushes children and animals ingest large quantities. Acceptance of ethylene glycol in 

geothermal energy is in question [16]. 

Ethanol (ethyl alcohol): Ethanol is the alcohol which is in all alcoholic beverages. It is a colorless 

liquid miscible with water in all proportions. Its melting point, pure, is very low (-117 ° C), making 
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it an excellent antifreeze. Ethanol is against highly flammable, even at a dilution rate of 30% / Vol. 

It offers a comparable viscosity propylene glycol and is not compatible with all materials 

commonly used in Mechanical Industrial building. Ethanol used as antifreeze is said denatured 

because it is unfit for consumption [16]. 

Methanol (methyl alcohol or wood alcohol): Because of its toxic properties, methanol is 

frequently used as a denaturant additive for ethanol manufactured for industrial use. Methanol has 

the advantage of being less viscous than glycols. It also provides a volumetric heat capacity greater 

than that of glycol and ethanol. Methanol, like ethanol, is highly flammable, even at a dilution rate 

of 30% / Vol. For ecological reasons, its use is prohibited in geothermal heat exchangers in some 

regions, including Ontario [16]. 

Added to water as a transport fluid, the best anti-freeze for our geothermal system application is: 

Ethanol. This choice is due to all the properties the ethanol offers. Adding to that, some brands of 

ethanol-antifreeze are available that have been specifically designed for use in geothermal earth 

loops. They contain denaturing agents that are safe for geothermal pipe. 

3.4 The heat distribution system Analysis 

Ducted Systems: 

 

 

 

 

 

Figure 31: The representation of a ducted system 

Commonly described as a forced air system, the ducted system is the most common configuration 

for geothermal heating and cooling. The forced air provides heating through the pipes installed in 

the home during winter and cooling during summer. This budget friendly system insures a 

comfortable temperature indoor and mainly linked to liquid to air heat pump [17]. 

http://www.nordicghp.com/wp-content/uploads/2014/06/ductwork-small.jpg
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In-Floor Systems: 

 

 

 

 

Figure 32: The representation of an In-floor system 

Nowadays, this type of heating is one of the most common ways used to heat houses. This system 

of heating consist on using the diffusion of heat by the pipes installed beneath the floor using a 

warm fluid. The advantages is bringing a steady heat and at the same time warm floor especially 

during winter. This system is highly efficient and can be present new buildings mainly. This 

process has the downside of not being reversible process during the summer. This limitation can 

be overlapped using air conditioning by bringing fluid to fans inside the house [17]. 

The right distribution system for heat to use is: The ducted system. This choice is mainly due to 

reversibility of the process in heating/cooling. This type of distribution present all the advantages 

needed for our system. 

3.5 The sizing of our system  

When designing our system, we used as a reference a typical house in the region of Ifrane with an 

interior surface of 100m² and garden of 50m².The height of the house is set to be 2.5m in order to 

create the exact conditions of the typical house in the region of Ifrane. The house contains two 

floors and the insulation is made with brick.  

The power needed to heat the house is not a measure very representative of our system. In fact, the 

main purpose is to find the energy needed which is expressed is KWh since the power represents 

the rate at which energy is transferred. 

Thus energy consumption depends on both time and capacity since energy consumption is 

calculated as:      

E = P × T (1) 

http://www.nordicghp.com/wp-content/uploads/2014/06/in-floor-heat.jpg
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With:  

E: energy consumption;  

P: capacity of the equipment (kW);  

T: usage duration (hours) 

To calculate the thermal capacity needed to heat the house, we use the following equation: 

𝑬 = 𝑽𝒐𝒍𝒖𝒎𝒆 𝒙  𝑻𝒉𝒆𝒓𝒎𝒂𝒍 𝒄𝒂𝒑𝒂𝒄𝒊𝒕𝒚 𝒙 𝑻𝒉𝒆 𝒈𝒓𝒂𝒅𝒊𝒆𝒏𝒕 𝒐𝒇 𝒕𝒆𝒎𝒑𝒆𝒓𝒂𝒕𝒖𝒓𝒆 (2) 

By setting:  

𝑉𝑜𝑙𝑢𝑚𝑒 = 𝑇ℎ𝑒 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑤ℎ𝑜𝑙𝑒 ℎ𝑜𝑢𝑠𝑒 (𝑚3) 

𝑇ℎ𝑒𝑟𝑚𝑎𝑙 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 =   𝑡ℎ𝑒 𝑟𝑎𝑡𝑖𝑜 𝑜𝑓 𝑡ℎ𝑒 ℎ𝑒𝑎𝑡 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟 𝑤𝑖𝑡ℎ 𝑎𝑖𝑟 (
𝑊ℎ

𝐾𝑒𝑙𝑣𝑖𝑛 . 𝑚^3
) 

𝑇ℎ𝑒 𝑔𝑟𝑎𝑑𝑖𝑒𝑛𝑡 𝑜𝑓 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 = 𝑇ℎ𝑒 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 (°𝐾) 

By calculating the energy needed, we find: 

𝑬 = (𝟏𝟎𝟎𝒎𝟐𝒙 𝟐. 𝟓𝒎)𝒙  (
𝟎.𝟑𝟒𝑾𝒉

°𝑲𝒆𝒍𝒗𝒊𝒏.𝒎𝟑) 𝒙( 303.15°K – 277.91°K) = 2.145Kwh (3) 

Using this formula, we calculate the energy needed to heat the house per day and year: 

E (day) = 2.145 Kwh x 12 = 25.68 KWh (4) & E (year) = 2.145 Kwh x 8760 = 18 790 Kwh (5) 

After running this data in Design builder we get the following result regarding the needed to heat 

the house to an ambient temperature with a value gathered around a use of 8760hours (Which is 

equivalent to the heating of a whole year): 

 

Figure 33: Table representing the amount of energy needed to heat the typical house model 

Energy analysis Total Energy [kWh]
Energy Per Total Building 

Area [kWh/m2]

Energy Per 

Conditioned Building 
Total Site 

Energy
5387.78 19.07 29.34

Net Site Energy 5387.78 19.07 29.34

Total Source 

Energy
18088.12 64.02 98.49

Net Source 

Energy
18088.12 64.02 98.49
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The table shows that the calculations done by hand match with the data generated by design builder 

when it comes to the energy needed to heat the house. 

From this previous equation we can derive the power needed for our heat pump to ensure the 

constant heating in the house represented as:  

P= E/t= 18088KWh /8760h =2.06KW (6) 

In fact, the amount of heating needed during the year will be used only during 3 months out of 

12.Moreover; the factor 12/24 represents the use of heating during 12hours out of 24hours of the 

day. (The software is already doing an oversize of 15% in the energy generating in order to get the 

best efficient system).we get the following equation  

E (needed) =E (Year)*3/12*12/24 (7) 

We generate the following table using the same previous equation: 

 

In order to stick to these measures, our system should be capable of generating during every day 

(with a use of 12h) a total energy of:  

       E (day) =24.77KWh (8) 

In the optimal case, we need to know that the main power in this system is coming from the 

conversion of heat by the heat pump. In fact, to generate the energy required, we need a heat pump 

with a power:  

                                                                   P=3KW (9) 

The heat pump does not work continuously but it will generate in 12 hours an energy of:  

E=36KWh (10) 

Total Energy [kWh]
Energy Per Total Building 

Area [kWh/m2]

Energy Per Conditioned 

Building Area [kWh/m2]

Total Site Energy 673.37 2.38 3.66

Net Site Energy 673.37 2.38 3.66

Total Source Energy 2261.01 8.0025 12.31

Net Source Energy 2261.01 8.0025 12.31
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Some losses are encountered while using the geothermal system. They are usually estimated 

around 20% which makes our energy derived from the heat pump become: 

      E=28.8KWh (11) 

Using the theoretical values, we need to represent all the energies that are acting on our system. 

We use the following model:  

 

Figure 34: The representation of all the energies acting on our system 

The heat pump must accommodate an energy load following the equation: 

 

In this equation, some of the terms can be measured in a reasonable manner and others cannot. 

Simplifying the equation will result in the following equation for the whole system: 

�̇�𝑳 = �̇� 𝑪𝒑 (𝑻𝒐𝒖𝒕 − 𝑻𝒊𝒏) (12) 

To calculate the heat transfer load happening during a day:  

  �̇�𝑳 = 𝟐𝟒. 𝟕𝟕𝑲𝒘𝒉 = 𝟖𝟗𝟏𝟕𝟐 𝑲𝒋 = �̇� 𝑪𝒑 (𝑻𝒐𝒖𝒕 − 𝑻𝒊𝒏) (13) 

With: 

�̇� = 𝑇ℎ𝑒 𝑚𝑎𝑠𝑠 𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒 (Kg/h) 

𝐶𝑝 = 𝑡ℎ𝑒 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 ℎ𝑒𝑎𝑡  𝑡𝑜 𝑟𝑎𝑖𝑠𝑒 𝑡ℎ𝑒 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 𝑏𝑦 𝑜𝑛𝑒 𝑑𝑒𝑔𝑟𝑒𝑒 𝐶𝑒𝑙𝑠𝑖𝑢𝑠 (J/ kg.K) 

𝑇𝑖𝑛 = 𝑇ℎ𝑒 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 𝑒𝑛𝑡𝑒𝑟𝑖𝑛𝑔 𝑡ℎ𝑒 𝑠𝑦𝑠𝑡𝑒𝑚(°K) 

𝑇𝑜𝑢𝑡 = 𝑇ℎ𝑒 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 𝑙𝑒𝑎𝑣𝑖𝑛𝑔 𝑡ℎ𝑒 𝑠𝑦𝑠𝑡𝑒𝑚(°K) 
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By getting referred to the material used for the heat pump and the pipes, we obtain the following 

value for Specific heat: 𝑪𝒑 =1881 kJ/ (kg.K) [22] 

We obtain the following value for mass flow rate in the system is: 

�̇� = 0.0187 Kg/s (14) 

The mass flow rate will help us to set the right dimensioning of the pipe. In fact, we can derive the 

velocity inside the pipe which is:  

𝑽 =
�̇�

𝑨
=

𝟒�̇�

𝝅 𝑫𝟐
 = 9.5 km/h = 2.64 m/s (15) 

By setting:  

�̇� = 𝑇ℎ𝑒 𝑚𝑎𝑠𝑠 𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒 (Kg/h) 

𝐷 = 𝑡ℎ𝑒 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑖𝑟𝑐𝑢𝑙𝑎𝑟 𝑝𝑖𝑝𝑒(𝑚)  

This previous velocity is acceptable for our ground loop and was calculated with the optimal 

diameter for the pipe that should exceed or at least be equal to: 

D=1.25inches = 3cm (16) [21] 

The density of water mixed with ethanol is approximated to be:  

𝜌𝑤𝑎𝑡𝑒𝑟+𝑒𝑡ℎ𝑎𝑛𝑜𝑙 ≅  𝜌𝑤𝑎𝑡𝑒𝑟 =
1000𝑘𝑔

𝑚3  (17) 

We calculate the volume flow rate expressed as:  

�̇� =  
�̇�

𝝆

̇
=  

𝟐.𝟔𝟒
𝒌𝒈

𝒔

𝟏𝟎𝟎𝟎𝒌𝒈/𝒎^𝟑
= 𝟐. 𝟔𝟒 𝒙 𝟏𝟎−𝟑 𝒎𝟑/𝒔  (18) 

By setting:  

�̇� = 𝑇ℎ𝑒 𝑚𝑎𝑠𝑠 𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒 (Kg/s) 

𝜌 = 𝑡ℎ𝑒 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑙𝑢𝑖𝑑 (
𝑘𝑔

𝑚3)  
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4. Designing the geothermal system 

4.1 The house 

 

 

 

 

 

Figure35: The 3D representation of the house using solid works 

This 3D design of the house using solid works includes the following sizing:  

 The house contains a living space of 100m²(Including Walls) 

 The height of the house is 2.5m 

 The house include a surrounding area of 50m²(That can be used as a garden) 

 The house represents the typical houses of Ifrane with an insulation made with bricks   

 The house needs a total energy of heating per day of : E=24.77KWh 

4.2 The vertical ground loop 

  

Figure 36: The 3D representation of the vertical ground loop system  
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This 3D design of the vertical ground loop using solid works includes the following sizing:  

 The ground loop is composed of four pipe loops a good energy gathering  

 The pipes are made of a polymer named : PP(Polypropylene) 

 The ground loop has is going to gather energy for a depth of 50m 

 The pipes diameter is set to be 10cm for an optimal gathering of energy  

 The pipes are anti-corrosive and needs maintenance on the long term  

 The pipes mass flow rate is express as : �̇� = 0.0187 kg/s 

 The velocity of the fluid transfer inside the ground loop is : V=2.64 m/s 

 The thermal fluid responsible for the heat transfer is water mixed with the following 

anti-freeze: 

 The ground loop can resist to high pressure because the pipes are made out of Propylene  

 The ground loop is light weight and easy to install  

 The material composing the ground loop can resist frost and heat changes  

4.3 The hydronic expansion Tank 

  

Figure37: The 3D representation of the hydronic expansion tank  

This 3D design of the expansion tank using solid works includes the following sizing:  

 The Expansion tank has a containing capacity of  V=5gallons=20liters 
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 The Expansion tank is  made of a polymer named : Butyl rubber 

 The Expansion tank is connected to the pipes to expand the energy gathered 

 The energy expanded will then be sent to the heat pump to amplify it 

 The dimensions of the reservoir tank are : 37cm*28cm*1.9cm 

 The expansion tank outdoor is connected to the heat pump indoor. 

 The expansion tank need a maintenance in the long term   

 The expansion tank is made of a material which is a good vibration damping  

 The expansion tank does not exchange temperature with the external surrounding 

 The expansion tank is made of a material which is air tight and gas impermeable  

 The expansion tank is made of a material with a very good resistance to heat 

4.4 The in-door heat pump 

 

Figure38: The 3D representation of the in-door heat pump  

This 3D design of the In-door heat pump using solid works includes the following sizing:  

 The In-door heat pump has a containing capacity of : P= 3KW 

 The type of heat pump is Liquid-to-air heat pump. 

 The In-door heat pump is generating a heat per day of : E=28.8KWh 

 The In-door heat pump is connected to the expansion tank to gather the energy 

 The dimensions In-door heat pump are the same as the expansion tank  

 The In-door heat pump is indoor and needs maintenance on the long term  

 The In-door heat pump is responsible for enhancing the energy coming from the ground 
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4.5 The overall system 

 

 

 

5. The cost analysis of the geothermal system 

For a system using mainly geothermal energy to extract heat from soil to soil, the COP is 

determined from our simulation in Design builder to be:  

COP= 4 (1) 

Consequently, the number of electric units in the heat units is the following:  

𝑬𝒆𝒍𝒆𝒄𝒕𝒓𝒊𝒄𝒂𝒍 =  
𝑬𝒕𝒉𝒆𝒓𝒎𝒂𝒍

𝑪𝑶𝑷
=  

𝟐𝟒.𝟕𝟕𝑲𝒘𝒉

𝟒
= 𝟔. 𝟗𝟒 𝑲𝒘𝒉 (2) 

Consequently, the amount of electric energy necessary for a year becomes: 

𝑬 = 𝟔. 𝟗𝟒𝒌𝒘𝒉 𝒙 𝟑𝟔𝟓𝒋 = 𝟐𝟓𝟑𝟑𝑲𝒘𝒉 (3) 

In every system, one of the main elements needed to design is the power. In fact, we know that the 

power of our heat pump is estimated to be:  

𝑷𝒈𝒆𝒐𝒕𝒉𝒆𝒓𝒎𝒂𝒍 = 𝟑𝑲𝒘(𝑰𝒏𝒔𝒕𝒂𝒍𝒍𝒂𝒕𝒊𝒐𝒏)  (4) 

This previous equation represents the amount kilowatts of installation needed for our system. In 

fact, this element is crucial for determining the right amount to invest since:  

Figure 39: The overall view of the geothermal system 
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𝑪𝒐𝒔𝒕 = 𝟏𝟖𝟎𝟎𝟎
𝑴𝑨𝑫

𝑲𝒘
𝒙 𝟑 = 𝟓𝟒𝟎𝟎𝟎𝑴𝑨𝑫 (5) 

By taking in consideration all the previous elements, we generate the following table: 

 

Figure 40: The return of investment table for a geothermal system 

We generate using this data the return of investment graph:  

 

Figure 41: The graph representing the return of investment with respect to years 

As we can see, the profitability of the system occurs in the 15th year. We can affirm that the system 

needs 15 years to show the right profitability of installation cost with respect to the energy gained. 

In fact, this graph does not take in consideration that the energy is generated continuously from 

the ground in a geothermal system. Moreover, there are no additional cost assigned to the system. 

This return of investment graph shows clearly that the installation cost of the system is quite 

Years

Power (After 

degradation of 

the system)

Annual 

production

The actualised 

cost of 

electicity 

Price of energy 

produced

Exploitation 

charges

Value of the 

energy 

produced

The accumulation of 

the energy 

produced

Return of 

investment

-0.80% kWh DH -8.00% DH DH -54,000.00   

1 99.2% 2,513 1.540 3,870 -310 3,560 3,560 -50,440

2 98.4% 2,492 1.591 3,966 -317 3,649 7,209 -46,791

3 97.6% 2,472 1.644 4,065 -325 3,740 10,949 -43,051

4 96.8% 2,452 1.699 4,166 -333 3,833 14,781 -39,219

5 96.0% 2,432 1.699 4,131 -331 3,801 18,582 -35,418

6 95.2% 2,411 1.699 4,097 -328 3,769 22,351 -31,649

7 94.4% 2,391 1.699 4,063 -325 3,738 26,089 -27,911

8 93.6% 2,371 1.699 4,028 -322 3,706 29,795 -24,205

9 92.8% 2,351 1.699 3,994 -319 3,674 33,469 -20,531

10 92.0% 2,330 1.699 3,959 -317 3,642 37,111 -16,889

11 91.2% 2,310 1.699 3,925 -314 3,611 40,722 -13,278

12 90.4% 2,290 1.699 3,890 -311 3,579 44,301 -9,699

13 89.6% 2,270 1.699 3,856 -308 3,547 47,849 -6,151

14 88.8% 2,249 1.699 3,822 -306 3,516 51,364 -2,636

15 88.0% 2,229 1.699 3,787 -303 3,484 54,848 848

16 87.2% 2,209 1.699 3,753 -300 3,452 58,301 4,301

17 86.4% 2,189 1.699 3,718 -297 3,421 61,722 7,722

18 85.6% 2,168 1.699 3,684 -295 3,389 65,111 11,111

19 84.8% 2,148 1.699 3,649 -292 3,357 68,468 14,468

20 84.0% 2,128 1.699 3,615 -289 3,326 71,794 17,794
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important. At the same time, the energy gathered from the ground loop has a very low cost 

compared to other systems and very applicable in the region of Ifrane [18]. 

When associating the right system with the right cost/Kwh of heat generated, we formulate the 

following table: [19] 

 

Figure 42: The table representing the cost/Kwh in Moroccan dirham for heat sources 

To generate this table, we get based on the cost associated for the heat pump to generate our 

energy when it comes to geothermal energies. For electricity, the price per kWh is known from 

our electricity national office (ONEE).When it comes to wood, coal and biomass, we derived the 

information from the data accessible through the maintenance department of the University. For 

oil, propane and natural gas there are not used in Morocco for heating but we keep them in the 

table to locate each energy with its right cost. Since the coefficient of performance of a 

geothermal heat pump is known and the thermal energy is known, we compute the cost 

associated for each source of energy during a single day as follow:  

Cost (Geothermal) = 6.94kwh (electric units) x 1.05=7.28Dhs  

Cost (Biomass) = 24.77kwh x 0.7=17.34Dhs 

Cost (Wood) = 24.77kwh x 0.21=5.2Dhs 

Cost (Coal) = 24.77kwh x 0.28=6.93Dhs 

Cost (Natural gas) = 24.77kwh x 0.43=10.65Dhs 

Cost (Oil) = 24.77kwh x 0.5=12.38Dhs 

Cost (Propane) = 24.77kwh x 0.72=17.83Dhs 

Cost (Electrical) = 24.77kwh x 1.05=26Dhs 

Consequently we derive the cost/kwh of thermal energy expressed as: 

The heat source The cost/Kwh

Geothermal - Heat 0.293

Biomass - Heat 0.7

Wood - Heat 0.21

Coal - Heat 0.25

Natural gas - Heat 0.43

Oil - Heat 0.5

Propane - Heat 0.72

Electricity - Heat 1.05
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 Cost/Kwh = 7.28/24.77=0.293Dhs (6) 

Consequently we generate the graph of cost/Kwh in each system generating heat:  

 

Figure 43: The table representing the cost/Kwh in Moroccan dirham for heat sources 

 

When comparing all the sources, we can notice that in terms of renewable energies the geothermal 

is in advance compared to biomass when it comes to heating. Meanwhile, while talking about 

polluting sources of energy, we can see that the best profitable choice is the wood due to its low 

cost. The electricity for heating remains the worse choice that could be undertaken when it comes 

to cost [19]. 

As we can see from the graph, the most profitable is the wood burning for heating at the first place 

then comes the geothermal energy. In fact, burning wood is considered as harmful for the 

environment since its combustion creates CO².Opting for the geothermal energy would be then 

very profitable in term of cost of energy and creates the environmental aspects needed for our 

earth[20]. 

Heating cost for a single day using geothermal energy could be computed as follow:  

Cost (Day) =24.77Kwh x 0.293Dh = 7.28Dhs (7) 

This source of energy is the right renewable energy that generates the least cost for the Kwh. 
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6. Types of materials to enhance the geothermal system 

6.1 The vertical ground loop 

Copper  

 

Figure 44: Table describing the properties of Copper 

This material has long been used for all types of domestic water services and distribution due to 

durability, resistance to corrosion, malleability and ability to bend easily. In fact, his self-

supporting ability helps for creating good flow characteristics since it requires few fitting [22]. 

The good physical property of the copper is that it can be annealed (can resist heating and cooling 

down).This property helps the material to improve its properties by making it less brittle and 

stronger. The chemical properties of Copper show that it has a good resistance to corrosion but it 

mainly depends on the environment [22]. 

The heat analysis shows that: 

 The specific heat is Cp=390 J/ (kg.K) which represents a high ability to store energy  

 The Thermal conductivity is Tc=390 W/m.K which represents a very low leakage in energy  

The financial analysis show that the pricing of the material is: 
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Unplasticised polyvinylchloride (PVC-U) 

 

Figure 45: Table describing the properties of PVC-U 

 PVC-U is the most widely used plastic piping for pipes. It can be used underground situations. 

The advantages are multiple: durability, low cost, good flow characteristics, good chemical 

resistance to corrosion, easy for maintenance [22]. 

It is suitable for cold water services and can be used for limited hot water services as it has a 

maximum temperature use of 60°C [22]. 

The heat analysis shows that: 

 The specific heat is Cp=1355 J/ (kg.K) which represents a high ability to store energy  

 The Thermal conductivity is Tc=0.147 W/m.K which represents a very low leakage in 

energy  

The financial analysis show that the pricing of the material is: 

 

Polyethylene (PE)  

 

Figure46: Table describing the properties of Polyethylene 
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PE is not suitable since it can only be used for cold water supply. It is the most commonly used 

plastic pipe for supplying the mains water to a dwelling. The advantages are: Durability, Corrosion 

resistance, good flow characteristics, and light weight and flexible, easy to install, low cost [22]. 

The heat analysis shows that: 

 The specific heat is Cp=1842 J/ (kg.K) which represents a high ability to store energy  

 The Thermal conductivity is Tc=0.32 W/m.K which represents a very low leakage in 

energy  

The financial analysis show that the pricing of the material is: 

 

Polypropylene (PP) 

 

Figure47: Table describing the properties of Polypropylene 

PP Can resist properly to high pressure. This is why it is the most suitable for domestic pressure 

water supply systems (hot and cold water uses).The use of polypropylene shows the following 

advantages: Corrosion resistant, heat resistant, light weight, easy to install, frost resistant [22]. 

The heat analysis shows that: 

 The specific heat is Cp=1881 kJ/ (kg.K) which represents a high ability to store energy  

 The Thermal conductivity is Tc=0.147 W/m.K which represents a very low leakage in 

energy  

The financial analysis show that the pricing of the material is:  
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After analyzing all these materials that can be used in the ground loop, the best profitable for our 

application is: Polypropylene (PP) 

The reasons behind this choice of material are the following: 

 The highest Specific heat which represented by : Cp=1881 KJ/ (kg.K) 

 The smallest Thermal conductivity which is represented by : Tc=0.147 W/m.K 

 The ability to resist high pressure drops especially when linking to a heat pump^ 

 It resists to corrosion , heat and frost  

 It is light weight and easy to install  

 The price is 2.75USD/kg which is the lowest compared to the advantages it brings 

 

6.2 The hydronic expansion tank  

Butyl rubber: 

 

Figure 48: Table describing the properties of Butyl rubber 

Commonly described as a great shock absorber, the Butyl rubber is a polymer with an outstanding 

moisture permeability and resistance to heat changes. When used for a hydronic expansion tank, 

it presents the following advantages: Flexibility, Air tight and gas impermeable (a property unique 

to butyl rubbers), Low glass transition temperature, Displays high damping at ambient 

temperatures, Good weathering, heat, and chemical resistance, Good vibration damper, Bio 

compatible and age resistance [23]. 
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7. Conclusion 

As a solution to the problematic stated, the geothermal energy could be applicable for heating 

purposes in the region of Ifrane. When analyzing all the elements, we can affirm that this renewable 

energy is constantly working and insuring a very low cost when it comes to extracting the heat 

from the ground. The only part creating issues regarding the cost is the installation of the system. 

As a matter of fact, this energy could be the solution for reducing fossil fuel use when associated 

with the right facilities. In the economic level, the return of investment occurs after 15 years mainly 

due to the cost associated to the installation. When associated with the right materials, the system 

becomes at its best efficiency and could easily replace natural gas or an oil heating system. In the 

environmental level, this energy is totally replenished which shows how green is the energy 

generated from this system. When associated to the right materials, the CO2 generation is no longer 

an issue. Creating a greener planet should be on the top of achievements of our generation. With 

some basic gestures, our planet could suffer less from emissions of harming gases. After all, we 

could better caring about our future environment than consuming our present. 

8. Future work 

As a future work for this project, the thermal simulation could be able to determine all the losses 

occurring at each point in order to enhance the system and make it profitable to the fullest. In fact, 

the crucial element missing in the region of Ifrane when it comes to all types of constructions is 

the insulation. Heating in a house which is thermally open to the sky is not the best solution. In 

order to remediate to this issue, it is mandatory to start first by setting some foam between the roof 

and the base of the house in order to reduce the external heat exchange.  

One of the crucial parts for the design of the geothermal system is choosing the right transporting 

fluid. In fact, the water presents the advantages to be environmentally friendly even when mixed 

to an anti-freeze. The upcoming research show that the calorific properties of water could be 

enhanced by mixing water with some polymers capable of making water and steam transporting 

more energy and reducing the losses of energy occurring in the system. Enhancing the calorific 

properties of water could be the answer for an optimal geothermal system but needs some basin of 

recuperation to recover the calorific properties of water since they are hardly reduced during the 

process of transfer inside de pipes. 
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