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ABSTRACT
This report is going to address energy efficiency in rural houses in Zaouiat Sidi Abdeslam,
Morocco. The objective of this capstone project is to propose a system that would benefit the
citizens of the village, making their houses energy efficient. The emphasis was put on the heating
and insulation, and the study was performed on a potential model house in the village. After a field
study, a report on interviews with locals, and a climate study, the insulation material was chosen
and the energy needs of the studied building component were computed ( 67 kWh / day in the
worst case scenario). Then, three heating systems were proposed, and the hybrid one seems to be
the most efficient. For the underfloor radiant heating serpentine, four designs were simulated and
the optimal one was chosen. And that, in order to maintain a 20 °C indoor room temperature
throughout the year, and particularly from October to March. The final system would save 1849
kg of CO2 emission. The overall initial investment of the underfloor radiant system and the hybrid
heating system is 24,081 MAD while the payback period ranges between 3.4 years and 5.6 years.
Keywords: Energy efficiency, insulation, thermal conductivity, solar heating, heat pump, hybrid
heating system, underfloor radiant heating…
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1 INTRODUCTION
1.1 BACKGROUND
The CO2 emission in Morocco has been growing with the development of the country, to reach
about 60 million tons in 2014, while it was only about 15 million ton in 1980 [1]. Morocco has
adapted a new vision in the recent years, that of moving towards renewable energies and lowering
the carbon footprint of the country [2]. Indeed, in 2015, 11.3 % of the overall energy needs of the
country was covered by renewable energies [1]. The objective of the Moroccan Government is
saving about 12% to 15% of energy by 2020 through the implementation an energy efficiency plan
in the different economic sectors among them is the sector of buildings and construction. The latter
contributes in 25% (18% of which is produced in residential and the rest for the tertiary sector), of
the total country energy consumption, and is hence, ranked second in terms of energy consumption
[2].

1.2 MOTIVATION
The motivation behind this capstone project is to make an impact in Zaouiat Sidi Abdslam Village.
Starting by a model energy efficient house, the ultimate goal is to convince the villagers of the
importance of energy efficiency, and potentially have an ecological village in the long term.
Making the village’s houses energy efficient would not only lower wood consumption in the area
and decrease the CO2 emission, but would also be an economical solutions for the tenants who
would pay less to heat their houses.

1.3 PROJECT DESCRIPTION
The projects aims at lowering the costs related to energy consumption in the village of Zaouiat Sidi
Abdeslam. The focus will be put into a potential model house that was randomly chosen from the
village for renovation. The minimum subset of the objectives, the achievement of which will be
regarded as acceptable would be having lowered the energy consumption providing adequate
heating in the studied house. The lifestyle of the villagers should be respected and no solution that
would drastically change their village should be imposed on them. For that reason, the interviews
1

were conducted, and the contact with the community was kept throughout the period of the project.
The beneficiaries of this project would be the citizens of Zaouiat Sidi Abdesslam Village, and
particularly the potential model house tenants. A continuous contact with them was maintained in
order to determine their acceptance of the solution, and eagerness to use new technologies, and
willingness to change certain aspects of their life for a better quality of life.

1.4 METHODOLOGY
This project is composed of three main parts: A field study of Zaouiat Sidi Abdslam, a literature
review, and finally simulations and analysis. First, the field study was conducted in the village to
study the factors that may influence energy consumption such as usage of electricity and heating.
Interviews were conducted with villagers and data was collected from other sources. After that, a
literature review was done. It covers the important theoretical background that is needed for the
analysis and simulation. And that, in order to determine what solutions already exist and how they
can be incorporated and adapted to the houses of Zaouiat Sidi Abdslam. Then, comes the proposal
of solutions and technologies that would make an impact of the energy consumption, and mainly
the heating of the model house of the village. Solutions include solar heating, hybrid heating, a
heat pump, insulation and underfloor radiant heating. Implementation and testing of the proposed
solutions was done by simulations using the Softwares: Design Builder, T-Sol, Geo- Sol,
LoopCAD, Excel, and Solidworks. The results of the simulation lead to the choice of the best fit
for the house. Finally, the financial analysis of the proposed solution is performed. In fact, any cost
related to the projects, such as installation, and maintenance will be considered as a long term
investment, and a payback period will be calculated in order to make sure the solution provided is
economically reasonable.
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2 STEEPLE ANALYSIS
Before starting the study and working on a new system to make the house energy efficient, the
impacts of the project should be studied. The STEEPLE analysis would help determine the external
factors of the project on the following aspects: Social, Technical, Economical, Environmental,
Legal, Political, and Ethical.
Social Impact
Proposing and implementing a cheap alternative for heating in the houses would solve a lot of
social issues. Buying wood or bringing wood from the forest in hard weather conditions is not an
easy daily task, many children are constrained not to go to school, in order to help their families
afford heating supplies. Also, on the long term, the model house may inspire the villagers to
improve their community and make Zaouiat Sidi Abdeslam an ecological village.
Technical Impact
The heating system would benefit from the natural resources in general, making it a clean solution
for heating. The chosen space is to be studied, and insulation materials are to be tested in order to
improve the heating efficiency.
Economic Impact
Making the house energy efficient would reduce the annual costs related to heating of the family
in the house. The project may also, potentially, create new jobs for the market related to energy
efficient constructions, and that if the village citizens get inspired by the new heating system.
Environmental Impact
The project would have a huge environmental impact. Finding alternatives to wood burning would
make a difference when it comes to the number of trees cut every year in the region of Ifrane. In
fact, the CO2 emission resulting in the heating activity would be diminished. Working on the
insulation of the house would lower the energy consumption in general.
Legal Impact
Before any change in the actual building, an authorization from the rural community should be
given. The building should conform to existing laws and standards for energy efficiency and also
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with building laws in general. The solution proposed should go along with the rules, standard and
regulations of energy efficiency in Morocco.
Political Impact
The Moroccan government encourages environmental friendly houses. And hence, the project goes
along with the long term view of the country and government.
Ethical Impact
The solution proposed to make the house energy efficient should go along with the mentality of
the Zaouiat Sidi Abdslam residents. It should not impose on them a technology that would change
drastically their lifestyle.

Figure 1: Impacts of the Project
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FIELD STUDY: ZAOUIAT SIDI ABDSLAM

Zaouiat Sidi Abdslam is a village located within 10 km from Ifrane as shown in the map below.
Having the characteristics of any other rural agglomeration of the Middle Atlas, it is known for
its very cold and snowy winters.

Figure 2 Zaouiat Sidi Abdesslam Location [2]

Figure 3 Picture of Zaouiat Sidi Abdslam
Initially, the houses of the village were built following the limestone caves that exist in the region.
However, during the last 60 years, houses started to be constructed above the ground, while the
5

remaining underground constructions are used as storage caves or stable for cattle. In other words,
the houses were expanded such that stone and concrete buildings are easiest constructions to find.
Zaouiat Sidi Abdesslam’s cave houses were investigated by the Ministry of Housing in the late
1990s for security and safety purposes. Recently, the cave houses have been divided into various
parts, rooms, or other houses by family members, making them tiny, due to pillars and walls, and
barely livable [3].

Figure 4: Storage room in a cave house in the
Zaouia [3]

Figure 5 Example of a subdivided cave house
in the Zaouia [3]

After a field visit to the village, it has been noticed that the majority of houses there are not well
equipped for the weather conditions. Most lacked an appropriate tile snow roof, which made it very
hard to survive the cold in winter. The building materials are not efficient enough in terms of
insulation [3].

6

3.1

ZAOUIAT SIDI ABDSLAM: STATISTICS AND NUMBERS

From poverty, to lack of education, passing by unavailability of clean water, the villagers suffer
from harsh living conditions. The average household occupancy rate is 1.95 person per room [5].
The following statistics are taken from the report on Le Matin [5]:
3.1.1 Literacy in the Zaouia
55% of the villagers who are 10 years and older are literate while 45 are illeterate [4].
Professional
Training
High School
3%
Education
19%

Left school
before primary
school
15%

EDUCATIONAL LEVEL
OF THE VILLAGERS
Middle School
Education
20%

Primary
Education
43%
Figure 6: Pie chart of educational level of the citizens

As seen in figure 6, most villagers quit school after finishing primary education.

Reasons for leaving School
12%

43%

45%

School Being Far (injustified, the school is close)

Poverty

Unknown reasons

Figure 7: Pie Chart of reasons for leaving school
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The majority of people who quit school, do it either because of poverty of because of the far
location of the school, while for the remaining 43%, the reason for quitting school is unknown.
3.1.2

Houses in the Zaouia

90 % of the houses in the village are made of concrete, and 54% of the houses in the village do
not have any kitchen in them. 10% of the villages houses do not have access to electricity. 80% of
the villagers are house owners. As for their access to clean water, the data is summarized in figure
8.

14.05

0.54

11.35

73.51

WATER IN ZAOUIAT SIDI ABDESSLAM

HAVE ACCES TO
DRINKING WATER
SUPPLY

LINKED TO LIQUID
SANITATION
NETWORK

USE SCEPTIC THANK

DISCHARGE THEIR
SEWAGE IN THE OPEN
AIR

Figure 8: Water in the Zaouia
It is alarming to see that only 0.54% of the villagers have access to drinking water supply, while
more than 73% are linked to the sanitation network.
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3.2 ZAOUIAT SIDI ABDESLAM: SOCIAL SITUATION

Figure 9: Meeting with some of the spokespersons of Zaouiat Sidi Abdslam
To determine the social situation of the residents, and to know the circumstances in which they
live, meeting with locals was a must. Several meetings were hold with residents, and particularly
with their representatives and spokespersons, namely: The Mekedem, the Cheikh, the director of
Dar Chabab among others. They are all natives of the region, all men with ages ranging between
45 and 65 years old. The information gathered can be summarized as follow:


Young people are willing to leave the village: either for studies or to find work



On average, a normal household consumes 4 to 6 tons of wood yearly



The cost of 1 ton of wood is 1300 MAD plus 150 MAD of transportation. They usually buy
1 ton at a time.



The electricity bill is very high compared to the income of the villagers. Although Zaouiat
Sidi Abdeslam is a village, it is part of the urban zone when it comes to electricity, so they
pay the same rate as if they lived in a city.
9



Typical households are composed of 5 to 7 people.



Most houses do not have a tile roof over their house for many distinct but complementary
reasons:
o Price
o Paperwork and authorization
o As the houses are 1 or 1.5 story buildings, with a very small area, they use the terrace
in the roof for other purposes



The local primary school is not equipped at all for the harsh winters



Every child must bring with him or her a log / day to school, in order to have some comfort
in classrooms



The village children do not miss school in harsh winters, however the ones living a bit
further and who come to the same school do miss classes



The improvements they want to see in their village can be: decorations, paintings. And they
are willing to be fully invested

3.3 ZAOUIAT SIDI ABDESLAM: THE HOUSE TO BE RENOVATED
Part of the project, a house is chosen to be renovated and to be made a model house for energy
efficiency and ecology in the village. Pictures of the house are seen below.

Figure 10 House to be renovated: view 1
10

This facade of the house is facing the north. It is to be noted that the bathroom is located outside
of the house, with no insulation and not even a proper door. And thus, the tenants have to leave
the house in harsh winter conditions to use it The little door with the pink curtain in figure 10 is
the entrance of the bathroom.

Figure 11: House to be renovated, view 2
Although the house is located in a region of high snow and precipitations, there is no inclined roof
and no tiles. The roof is in fact made of tin plate fixed with random rocks.
The overall area of the house is about 77 m². 6 people live in it, and only one person, the husband
who is working a shepherd, is bringing money to the family.

11

Figure 12: Walls of the house
As it can be noticed, the house is in poor conditions, and its tenants suffer every fall / winter from
precipitations, making the house wet and hence very cold. The walls are built with local limestones
as well as the remains of the caves. The roof of the house has many holes, which makes it even
harder for the residents to maintain heat inside the house.
The renovation house plan is in Appendix B, while its outside model is done using Design Builder
and can be found in Appendix A.

3.4 IFRANE AND ZAOUIAT SIDI ABDSLAM CLIMATIC DATA

Figure 13: Climatic Data in Zaouiat Sidi Abdslam
12

The monthly averages of air temperature, relative humidity, precipitation, daily solar radiation,
atmospheric pressure, wind speed, earth temperature, heating degree days, cooling degree-days,
as well as the latitude, longitude, climate zone, elevation, heating design temperature, cooling
design temperature, and earth temperature amplitude are taken from the software RET-Screen in
figure 13. It is a “is a Clean Energy Management Software system for energy efficiency,
renewable energy and cogeneration project feasibility analysis as well as ongoing energy
performance analysis” [4].
The latitude, longitude, climate zone, elevation, heating design temperature, cooling design
temperature, and earth temperature amplitude are important to the analysis as the heating system
depends on the location and other climatic parameters.

Figure 14: Graph of Daily Solar Radiation Vs Air temperature
It is to be noted from figure 14 that the average daily solar radiation varies throughout the year to
attain its maximum in July which is about 8 kWh/m2/day while it reaches its minimum in both
January and December which is about a daily average of 2.6 kWh/m2/day. The daily radiation

13

and the air temperature are directly related: as the air temperature gets higher, the radiation gets
higher, and vice-versa.

Figure 15: Graph of Daily Solar Radiation VS Wind Speed
Figure 15 shows that the average daily wind speed in the Ifrane region is almost constant, slightly
variating between 3m/s and 4 m/s regardless of the air temperature or of the month.
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THEORETICAL BACKGROUND
3.5 ENERGY EFFICIENCY IN MOROCCO
3.5.1 Construction’s Thermal Regulation in Morocco
The National Agency for Renewable Energies Development and Energy Efficiency (ADEREE:
L’Agence Nationale pour le Développement des Energies Renouvelables et de l’Efficacité
Energétique) launched in partnership with GEF-UNDP and GIZ a program of energy efficiency in
the building whose main objective is to lower the energy consumption in the construction sector.
The program aims to energy saving estimated at 1.2 Mtoe / year by 2020 and a reduction of gas to
greenhouse effect of approximately 4.5 MTECO2. This program includes, among others, setting
up an efficiency code energy in buildings with two main components: thermal regulation for the
building envelope and energy labeling of electrical appliances.
Thermal regulation only concerns the building envelope and covers both the sector habitat and
tertiary buildings. In the habitat, the settlement covers all categories socio-economic buildings:
Mainly the economic habitat buildings and the standing ones. For the tertiary sector, four categories
are particularly covered: hotels, administrative buildings (offices), schools and education related
buildings, and hospitals [2].
3.5.2 Regulation of the Building Envelope
The implementation of this Regulation (RTCM: Règlement Thermique de Construction au
Maroc) provides for the following activities:


Development of the thermal regulation technical specifications, then implementation of the
regulations and norms



Implementation of a strategic plan and communication tools for mobilization and
stakeholder outreach, especially administrations, companies, professionals and the general
public, in order to the measures energy efficiency in buildings



Provide support and technical assistance to professionals and administrations responsible
for the implementation of thermal performance requirements, in order to reinforce their
capabilities in this field



Establishment of favorable conditions for investments in the field of energy efficiency
15



Development and implementation of a portfolio of projects incorporating advanced
technological innovations [2]

3.5.3 Energy Efficiency and Household Appliances Labeling
The part of the project covers the following aspects:


Market analysis and characterization of household appliances in Morocco



Establishment of norms and regulations for household appliances energy performance



Implementation of measures to encourage investment in development of the market for
efficient household electrical appliances energy



Implementation of a national communication plan for mobilization and public awareness



Capacity enforcement of professionals and administrations responsible of the labeling
system and the building energy performance [2]

3.5.4 Moroccan Climate Zones
Partitioning Morocco into different climate zones works was carried out by the National
Directorate of Meteorology (DMN) and ADEREE, with the support of international expertise.
Moroccan territory has been subdivided into homogeneous climate zones based on the analysis
climate data recorded by 37 stations weather over the period 1999-2008 (10 years). The division
of zones was carried out according to criterion of the number of winter degree days and the number
of degree-days of summer [2]. The Moroccan Climatic Zones are shown in table 1:
Table 1 Moroccan Climatic Zones [2]
Zone 1

Agadir

Zone 2

Tangiers

Zone 3

Fez

Zone 4

Ifrane

Zone 5

Marrakesh

Zone 6

Errachidia
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Ifrane and Zaouiat Sidi Abdslam belong to the 4th Zone. According to the thermal regulations,
certain values and considerations should be respected while performing the construction study as
showed in the table 2.
Table 2: Thermal Standards for Zone 4 [2]
Minimum R-

U- value of

U- Value of

U- value of

Exposed Roofs

External Walls

Glazing

(W / m2.K)

(W / m2.k)

(W / m2.K)

≤ 15 %

≤ 0,55

≤ 0,60

≤ 3,30

≥ 1,25

16-25 %

≤ 0,55

≤ 0,60

≤ 3,30

≥ 1,25

26-35 %

≤ 0,55

≤ 0,60

≤ 2,60

≥ 1,25

36-45 %

≤ 0,49

≤ 0,55

≤ 1,90

≥ 1,25

Percentage of
Windows

Value
For the ground
floor (m2K / W)

3.6 ENERGY EFFICIENCY FACTORS
3.6.1 Thermal Transmittance of the Room (U-value)
The U-Value is used as a mean of determining the energy performance and efficiency of a given
facility or building. It measures the heat loss through a material. In fact, depending on how much
heat is allowed to go through the material from one side to another, the U-value rate is given. U
values are also used to determine the overall thermal conductivity of a room, building component
or any section. The lower the U-value, the greater the energy efficiency [6]. Some minimum energy
efficiency standards have been determined by most building codes.
The U-Value can be calculated using the formula:
U = 1/Rt [7]
Such that:


“U = Thermal transmittance (W/m²·K)
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Rt= Total thermal resistance of the element composed of layers (m²·K/W), obtained
according to” [7]:
Rt = Rsi + R1 + R2 + R3 + ... + Rn + Rse

Such that:


“Rsi = Interior Surface Thermal Resistance (according to the norm by climatic zone)



Rse = Exterior Surface Thermal Resistance (according to the norm by climatic zone)



R1, R2, R3, Rn = Thermal Resistance of each layer, which is obtained according to” [7]:
R=D/λ

Such that:
“D = Material Thickness (m)
λ = Thermal Conductivity of the Material (W/K·m)” [7]
“The Thermal Transmittance is inversely proportional to the Thermal Resistance: the greater the
resistance of the materials that make up an envelope, the lower the amount of heat that is lost
through it” [7].

The U-value is used to determine the heat loss or gain through a wall, etc., by the following formula
[8]:
Q = (U) (A) (∆T)
Where:
“Q = the heat flow through the walls, in BTU per hour
U = the U-value in BTU per (hour) (square feet) (F)
A = the area of the wall, etc., in square feet
T = Difference in outside and inside temperatures in F” [8].
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3.6.2 Passive Design Strategies
There are many strategies that can be incorporated to gain energy naturally, making the building
an “environmentally smart” one. The optimization of these strategies can be done by studying many
factors such as location, shape, architecture, orientation to fully exploit natural daylight, natural
ventilation, and thermal insulation to reduce heat loss, and that in order to lower the overall energy
needs of the building [6].
3.6.3 Passive Heating
The only passive way to add thermal energy to a building is taking advantage of the building’s
design to exploit the solar radiation in order to acquire heat gains. This goes hand in hand with the
insulation of the building’s envelope, that would store the gains and minimize the heat losses Many
parameters may influence passive solar heating such as: the orientation, the building shape, double
facades and buffer spaces, Space planning, High-performance windows (clear, low-e), High
window to wall area ratio (S/W), Mixed-mode heat recovery ventilation (HRV), Minimized
infiltration, Low window to wall area ratio (N/E), Operable external shading, Thermal mas, and
high-performance insulation [9].
3.6.4 Thermal energy storage
There are three thermal energy storage methods: thermochemical, latent, and sensible. Sensible
heat storage happens due to the change of temperature of materials with high heat capacity. These
materials can either be liquids (oil, water…), or solids (concrete, bricks, rocks…). Latent heat
storage is the result of a material’s phase change from one physical state to another. And that,
because, heat is either absorbed or released during the change. Phase change materials can be either
eutectics mixtures or organics such as paraffin, and sugars. While thermochemical energy storage
happens when a source of energy is applied to produce a sorption process of a reversible chemical
reaction. One can differentiate between four types of thermochemical energy storage materials:
chemically reactive solid materials, liquid absorption materials, solid adsorption materials, and
composite materials [10]. Figure 16 summarizes the thermal energy storage materials
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Figure 16: Classification of thermal energy storage materials [10]
To calculate the amount of energy stored due to sensible heat, the formula below can be
used [11]:

dQ=m. Cp. ΔT

Such that,
Q is the amount of sensible heat stored in the material in (J)
m is the mass of the material (kg)
Cp is the specific heat of the material (J/kg. K)
ΔT is the temperature change in (K) [11]
While the amount of energy stored due to the latent heat can be calculated using the following
formula [11]
dQ= dH= m. dH
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Such that:
dQ is the amount of stored latent heat
dH is the enthalpy difference between the solid and the liquid phase [11]
For a better efficiency, phase changing materials can be integrated into gypsum with
microencapsulated paraffin. That would enhance the thermal capacity. Other applications are not
limited to microencapsulated paraffin with concrete, PCM bricks, as well as PCM with wood. They
can also be used for building components such as slabs, windows, roofs, and floors [11]. PCM have
many properties, and table 3 shows the advantages and disadvantages of organic as well as
inorganic PCM.
Table 3 Different types of PCM and their features [11]
Organique PCM

Advantages

Inorganic PCM



Not corrosive



Negligible or none subcooling



Chemical and thermal stability



Availability in a wide-range



Higher heat of fusion

temperatures



High volumetric latent heat



Congruent melting



Self- nucleating properties



Cheap and easy availability



Compatible with construction



Steep phase change

materials



High thermal conductivity

No segregation, high heat of



Non flammable



storage capacity

fusion

Disadvantages



Safe and non- reactive



Recyclable



Low phase change enthalpy



Subcooling



Low thermal conductivity



Corrosion



Flammability



Phase change separation
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Low volumetric latent heat



Phase segregation

storage capacity



Lack of thermal stability



High volume change

3.6.5 Building Thermal Mass Activation
Thermal Mass refers to the used mass of the building that stores thermal energy for cooling and
heating purposes. In order to ameliorate the energy efficiency in buildings, the thermal mass can
be activated using different methods, mainly: Thermo-Active Building Systems (TABS), and
Passive Thermal Mass Systems [12].
TABS can be used in multi-floors buildings that have a low heating load in winter. The building
structure’s considerable thermal capacity is utilized for energy storage, and hence is part of the
energy system of the facility. Indeed, the usage of TABS allows to lower the energy supply and
demands. The larger the thermos-active surfaces area, the better the heat flow between the structure
and the building component, despite a relatively low difference of temperature. That is why the
TABS are compliant with geothermal energy, outside air energy, and groundwater [12].

Figure 17: Thermo-active building system [12]

3.7 UNDERFLOOR RADIANT HEATING
The principle distinction between various flooring materials and their compatibility with the system
lies in the thermal conductivity of the material, which implies, how quick and proficient the
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exchange of the generated heat to the surface is. The best floor covering for underfloor heat is
flooring with great conductivity since it warms quicker, gives a more prominent measure of heath
as well as warmth and is more productive. But this does not imply that less conductive materials
cannot be utilized for the same purpose [13].
To optimize underfloor heating, a good flooring would be tile and stone because of their high
thermal conductivity, making the heat transfer from the pipes to the surface easy and efficient.
Other flooring can be [13]:
o “Tile, Stone & Polished Screed Flooring
o Wood & Engineered Timber Flooring
o Laminate Flooring
o Vinyl Flooring
o Carpet & Rug Flooring
o Rubber Flooring” [13]

Table 4: Some flooring materials and their properties [13]
Ceramic & stone tiles


The best floor material
to use with underfloor
heating



Slate and flagstone

• Highly conductive allowing • Naturally highly conductive
fast heat up time

and great with underfloor

• Suitable for use with electric heating

Excellent heat transfer
properties

Polished screed

&

thin

and water based underfloor • Good thermal conductivity,
heating

but slower heat up

profile

3.8

SOLAR HEATERS

Solar water heating systems can be very reliable when compatible with the climate and energy
demand of the facility. Selecting the best material for a solar heating system requires a concise
and precise study, and that to effectively reduce the energy consumption [16].
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3.8.1 Solar Heater Working Principle
When the sunlight hits the absorbing area of the
collector and heats it, water, or a fluid that can transfer
heat, transport the heat through tubes. Heat Exchanger
may be added to the system. A storage thank will store
the heated water for future use of the water: either for
domestic water heating, or for floor heating. These
solar heater systems may provide about 80% of the hot
water to the house, and in many times, an auxiliary
system (electricity among others …) may be needed to
cover the totality of needed energy [16]. The solar
collector absorbs solar energy and transfers it to the
energy transfer fluid passing through it number 3 in
the figure 18. Through either conduction or
convection, the energy transfer medium transfers the

Figure 18 Solar heater working principle [18]

heat that is absorbed from the solar energy to the water (or the chosen fluid) [17]. The fluid moves
through the collector and gets warmed up as it gained solar energy, it is then pumped down (as
seen in number 4 in the figure) inside the heat exchanger that is located in the solar tank to then
heat the cold water that came in the solar heat exchange thank (number 1 in the figure), through a
heat exchange. The solar collector fluid (glycerol and water, or just water) is then pumped back to
the collector closing the loop (number 2 in the figure) [18]. This is the working principle of the
solar heater however it may vary depending on many circumstances and the types of materials used
for the collector as well as the pipes may vary depending on the design and needs of the system.
The storage tank is a thermally insulated hot water storage tank. It is supposed to be large enough
to support the water needed for a full day [17].
3.8.2 Types of Solar Heaters
Solar heaters can be divided into 5 distinct categories:
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Thermosiphon

Systems:

They

are

more

effective in locations that are exposed to high
solar radiations because the movement of the
fluids, and consequently, the heat transfer, gets
higher as the temperature increases. In fact, the
fluid, that is either water or any antifreeze fluid
(glycol for instance) rises from collectors to the
storage tank due to natural convection [16].
Figure 19: Thermosiphon System [19]



Direct-Circulation Systems: They siphon water to
collectors, from storage during radiant hours. The
circulation of hot water protects this latter from
freezing. Because the re-circulation of water makes the
energy used higher, while flushing diminishes the long
period of activity, direct circulation heating systems are
more

efficient

in

places

where

non-freezing

temperature are frequent [16].
Figure 20: Direct Circulation System [20]



Drain-Down Systems: Most of the time, they are
indirect water-heating systems. There is a closed loop
in which water circuits. The transfer of heat happens
through a heat exchanger. In order to prevent from
freezing when no sun or solar heat is available, gravity
becomes responsible of draining the fluid [16].
Figure 21: Drain Down System [21]



Indirect Water-Heating Systems: Anti-freezing fluids, for instance, water-propylene glycol
solutions and water-ethylene glycol solutions, are used for this particular solar heating system.
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The fluid circuits through a closed loop as well, and a heat exchanger is responsible for the heat
transfer (just like the previous system). Mainly there is an 80 % to 90 % efficiency of the heat
exchange [16].


Air Systems: They are indirect systems in which the
main circulating fluid is air. The air warms up in the
collectors and is then dragged by a fan to a heat
exchanger (air-water). Mainly there is a 50 %
efficiency of the heat exchange [16].
Figure 22 Air System [22]

In freezing temperatures, a higher maintenance is required for direct-circulation, thermosiphon,
and pump-activated solar heating systems. And for that, alternative systems, such as air solar
systems should be taken into account [16].

3.9 HEAT PUMPS
3.9.1

Working Principle of Heat Pump

The concept behind a heat pump revolves around a simple principle of taking heat from a reservoir
with a low temperature and transfers it to a hotter reservoir using a pre-determined work input as
shown in figure 23. In other words, the main objective behind a heat pump is to supply heat to a
certain space by extracting enough energy for a colder environment using the work supplied into
the heat pump [23].
Cold Reservoir

Qc
In
pu
t

Heat Pump
Work
Input
Figure 23 the concept behind the heat pump
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Warm Environment
(Hot Reservoir)
QH
In
pu
t

The heat pump has four main components with
a specific task that is critical to the cycle. The
refrigerent used flows inside a throtteling valve
that creates a significant pressure drop
converting the liquid into gas with low
pressure. The latter enters an evaporator that
reveives an amount of heat Qc from the cold
reservoir. When the refrigerent flows from the
evaporator to the compressor, it creates a
denser and warmer gas that enters the
condensor. By cooling down the hot and
pressurized refrigerent, the condensor releases
an amount of heat Qh in the space desired to be
heated. The refrigirent returns as a liquid to the
throtteling valve which finally closes

Figure 24 - Heat pump Cycle [23]

the cycle [23].
3.9.2

Refrigerant Properties

In order to determine the perfect refrigerant, many factors have to be taken into consideration. The
conversion from the liquid to gas phase should happen at moderate pressures and at temperature
close to room temperature. The freezing temperature should be lower that the smallest temperature
in the cycle. The same goes for the critical point – temperature where the gas and liquid coexist in which the temperature should exceed the highest temperature in the cycle [23].
Table 5: List of Refrigerant and their properties [23]

Name

Ammonia
Carbon
Dioxide

Critical

Critical

Temperature

Pressure

(K)

(bar)

239.82

405.5

113.5

216.55

304.1

73.75

Freezing

Boiling

Point (K)

Point (K)

NH3

195.48

CO2

194.8

Formula
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CFC-11

CCl3F

162.04

296.8

471.2

44.1

CFC 12

CF2Cl2

115

243.3

384.95

41.36

Ethyl ether

(C2H5)2O

157

307.58

466.74

36.38

Isobutane

i-C4H10

134.8

261.42

408.15

36.48

CH3Cl

175.44

249.06

416.25

66.79

HFC-23

CHF3

117.97

191.0

299.3

48.58

HFC-32

CH2F2

137

221.6

351.6

58.30

HFC-134

CH2FCF3

184

253.2

391.8

-

Propane

C3H8

85.46

231.1

369.82

42.5

Sulfur Dioxide

SO2

197.7

263.1

430.8

78.84

Methyl
chloride

The table 6 shows a list of the most common refrigerants used. Because of its availability and its
many properties, the main focus will be around R134a, also called HFC-134
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4 SIMULATIONS AND ANALYSIS
According to the house tenants, the wood heating system is located in the living room. That is the
place where they gather and spend most of their time. For the simulation, the focus will be put on
efficiently heating the living room.
The first step to take is to find the appropriate insulation material, then apply it in the room’s walls
in Design Builder. After that, comes the calculation of the U-value of the room as a whole, only
then to compute the energy needed to heat the room (taking into account the specific heat of air
and the energy losses of the room). Afterwards, heating systems are simulated to determine the
best alternative. Finally, radiant flooring designs are studied.

4.1 INSULATION MATERIAL
In order to secure a good envelope for the building, and to maximize the heating and the comfort,
many insulation materials were analyzed in terms of thermal conductivity, and hence, thermal
resistance, as well as the total price of installation and implementation. Both the thermal
conductivity and the price was given to us in a range (min and max) depending on the availability
of the material.
Table 6: Insulation Materials and their thermal resistance
Thermal Conductivity
Material

(Lambda) W/(m⋅K)

Resistance R
Thickness
(m)

(m²K/W)
Resistance

Min

Max

Glass wool

0.034

0.05

0.05

1.471

1.000

Cellulose

0.039

0.055

0.05

1.282

0.909

0.032

0.05

0.05

1.563

1.000

0.022

0.036

0.05

2.273

1.389

0.032

0.05

0.05

1.563

1.000

Expanded polystyrene
(EPS)
Extruded polystyrene
(XPS)
Cork
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R

Min

Sheep wool

0.034

0.045

0.05

1.471

1.111

Rockwool insulation

0.034

0.05

0.05

1.471

1.000

Polyurethane

0.022

0.03

0.05

2.273

1.667

Hemp

0.034

0.045

0.05

1.471

1.111

In table 7, the thermal resistance was calculated using the formula: R = D / λ. It can be seen that
the thermal resistance of the proposed materials varies between 1.282 m²K/W (for cellulose) and
2.273 m²K/W (for both Extruded Polystyrene XPS and Polyurethane).
Table 7: Insulation Materials and their price
Material

Length

Price(Dh/ m2)

Implementation(Dh/ Total Price
m2)

Min

Max

(0.05m)

Min

Max

Min

Total
Price

Glass wool

1

60

90

20

25

4

5.75

Cellulose

1

40

80

30

50

3.5

6.5

Expanded polystyrene (EPS)

1

30

70

10

20

2

4.5

Extruded polystyrene (XPS)

1

50

80

10

20

3

5

Cork

1

60

90

10

25

3.5

5.75

Sheep wool

1

75

100

20

25

4.75

6.25

Rockwool insulation

1

80

90

20

25

5

5.75

Polyurethane

1

60

100

20

40

4

7

Hemp

1

75

100

20

25

4.75

6.25

From table 8, it can be seen that the total price of the proposed materials varies between 4.5 MAD
/ 0.05m² to 7 MAD / (for cellulose) and 2.273 m²K/W (for both Extruded Polystyrene XPS and
Polyurethane).
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Thermal Resistance VS price of insulation materials
8
7
6

7

6.5
5.75

6.25

5.75

5

4.5

4

6.25

5.75

5

3
2.272727273

2
1

1.470588235 1.282051282

1.5625

2.272727273
1.5625

1.470588235 1.470588235

1.470588235

0
Glass wool

Cellulose

Expanded
Extruded
polystyrene polystyrene
(EPS)
(XPS)
Total Price

Cork

Sheep wool

Rockwool Polyurethane
insulation

Hemp

Resistance R

Figure 25: Graph of thermal resistance VS price of insulation materials
While comparing the prices and the thermal resistances of the various insulation materials, the best
choice is XPS (extruded polystyrene) because it has the highest resistance and one of the lowest
prices. Although the Expanded polystyrene is also a good alternative as it has the lowest price, the
XPS remains the best, because of the quality of insulation. The calculation of the U-value of the
studied room will be based on the choice of XPS as a thermal insulator.

4.2 HOUSE MODELLING USING DESIGN BUILDER
There are two types of walls, the internal ones that are build using 0.15m clay bricks, and the
external ones that are constructed with 0.2 m thick concrete. The external walls are the one to be
covered with a layer of XPS.
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Figure 26: Design Builder house model- Ground Floor

Figure 27 Internal Wall layers in
Figure 28: External Wall layers in Design Builde
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Design Builder

4.3 ENERGY NEEDS IN THE STUDIED ROOM
In order to calculate the energy needs, many parameters are to be taken into account, mainly the
thermal transmittance of the room (U-value), the heat losses of the building component, the air
leakage, and the energy needed to heat the equivalent of the air volume of the room.
“The heating energy need for heating spaces Qspace is calculated using the equation below:
Qarea = Qconduct+Qair leakage+Qsupply air+Qmake-up air
where:
Qconduct: conduction heat loss through the building shell, kWh
Qair: leakage air leakage heat loss, kWh
Qsupply: air heating of supply air in a space, kWh
Qmake-up: air heating of make-up air in a space, kWh” [24]
4.3.1 U-value of the Building Component:
The u- value of the room was computed according to the ISO 6946 standards of energy
efficiency. The relationship were then entered as function in Excel and the result is shown in
table 9.
Table 8: Thermal Resistance calculation of the room components [2]
Thermal

Thickness (m)

Conductivity(W/m2.K)

Thermal Resistance
(m2K/W)

Concrete

1.5

0.2

0.133

Bricks (clay)

0.8

0.15

0.188

XPS

0.036

0.05

1.389

Wood

0.12

0.05

0.417

Glass

0.8

0.02

0.025
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Table 9: Area of each component, Rsi and Rse values

Dimension

Area (m2)

3.8

7.48

8.8

Roof

Percent of the total
Rsi

Rse

16.12 %

0.140

0.040

22.08

47.59 %

0.170

0.040

8.24

8.24

17.76 %

0.100

0.040

Windows

0.8+0.4

1.2

2.59 %

0.000

0.000

Doors

2+1.8*3

7.4

15.95 %

0.130

0.04

Tind

Total

46.4

100.00 %

Total External
Wall
Total Internal
Wall L

area

In table 10, the area of each component is used to know the percentage that is represents of the
total area of the room that is then used in table 11 to determine the overall U-value of the studied
room.
Table 10: U-value calculation of the room components

Total Thermal
Resistance
U-value
Ui*Ai

External

Internal

Wall

Wall L

Roof

Windows

Doors
Sum

1.702

0.398

0.273

0.025

0.587

0.587

2.516

3.659

3.840

1.53

4.608

11.322

4.394255875 55.54716981 30.14634146

(Ui*Ai)

106.017767

As seen, the U-value if the external walls is less than 0.6, so it goes with the regulation of energy
efficiency in Morocco (discussed in the first part of the report).
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U-Value total (W/m²K)

2.285

U- Value*Area (Watt/ K) 106.0177671

4.3.2 Energy Needs
To know how much energy should be released by the heating system, the heat loss as well as the
air leakage loss should be computed.
The heat losses of building components are calculated for each component using Equation=
Q =Σ Ui Ai (Tind - Toutd) Δt/1000 [24]

Tin is the temperature inside the house while, Toutd is the temperature outside the house. Tind was
set according to the standards of living in Morocco by the national agency renewable energies
development, 20°C is the suggested indoor temperature for winters [2]. While Toutd is the average
temperature outside. The energy needed is computed based on 3 scenarios: a -6°c day, a 0°C day
and a 4.1°C day. This value is the minimum average daily temperature in Ifrane in the month of
January, based on the RET Screen weather data.
“Energy Qair leakage for heating air flowing in and out of buildings due to leaks is
calculated using Equation:
Qair leakage = ρi cpi qv, air leakage(Tind -Toutd) Δt/1000” [24]
where:
“Qair is leakage energy required to heat air leakage, kWh
ρi is air density, 1.2 kg/m3
cpi is specific heat capacity of air, 1 000 Ws/(kgK)
qv, is air leakage air leakage flow, m3/s
Tind is indoor air temperature, °C
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Toutd is outdoor air temperature, °C
Δt is time period length, h
1000 is a factor for converting the denomination to kilowatt hours” [24]
The air leakage flow qv, air leakage is:
q50= n50 * V/A
Such that n50 is the air leakage number of a building with 50Pa pressure difference, and n50 = 2
in the studied case (small house) [24].
4.3.2.1 Case1: Toutd= -6°C

Table 11: Heat Losses in Case 1
Tind -

ΣUiAi

Toutd

106.017767

26

Δt

Q (kWh)

24

66.1550867

Table 12: qv, air leakage in case 1

V (m3)

N50

A (m2)

x

21.424

2

46.4

24

q50

qv, air leakage

m3/(hm2)

(m3/s)

0.923448276

0.000495926

Table 13: Q air leakage in case 1
qv, air
ρi

cpi

leakage

Tind -

(kg/m3)

(Ws/(kgK)

(m3/s)

Toutd

Δt (h)

kWh

1.2

1000

0.000495926

26

24

0.371349333
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Qair leakage

Table 14: Energy needed to heat the volume of air in the room in case 1

m (kg)

Cv(air)(kJ/kg.K)

25.7088

0.716

Tind -

E (kJ)

E (kWh)

478.5950208

0.134006606

Toutd
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4.3.2.2 Case2: Toutd= 0°C

Table 15: Heat Losses in Case 2
Tind -

ΣUiAi

Toutd

106.017767

20

Δt

Q (kWh)

24

50.88852823

Table 16 qv, air leakage in case 2

V (m3)

N50

A (m2)

x

21.424

2

46.4

24

q50

qv, air leakage

m3/(hm2)

(m3/s)

0.923448276

0.000495926

Table 17 Q air leakage in case 2
qv, air
ρi

cpi

leakage

(kg/m3)

(Ws/(kgK)

(m3/s)

Tind - Toutd

Δt (h)

kWh

1.2

1000

0.000495926

20

24

0.285653333

Qair leakage
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Table 18: Energy needed to heat the volume of air in the room in case 2

m (kg)

Cv(air)(kJ/kg.K)

25.7088

0.716

Tind -

E (kJ)

E (kWh)

368.150016

0.103082004

Toutd
20

4.3.2.3 Case3: Toutd= 4.1°C
Table 19: Heat Losses in Case 3
ΣUiAi

Tind - Toutd

Δt

Q (kWh)

106.017767

15.9

24

40.45637994

Table 20 qv, air leakage in case 3
V (m3)

N50

A (m2)

x

q50 m3/(hm2)

qv, air leakage (m3/s)

21.424

2

46.4

24

0.923448276

0.000495926

Table 21 Q air leakage in case 3
cpi

qv, air leakage

ρi (kg/m3)

(Ws/(kgK)

(m3/s)

Tind - Toutd

Δt (h)

Qair leakage kWh

1.2

1000

0.000495926

15.9

24

0.2270944

Table 22: Energy needed to heat the volume of air in the room in case 3
m (kg)

Cv(air)(kJ/kg.K)

Tind - Toutd

E (kJ)

E (kWh)

25.7088

0.716

15.9

292.6792627

0.081950194

38

4.3.3 Total Energy Needed
The total energy needed is the sum of E, Qair leakage, and Q (heat losses of the building
component). The energy is computed in kWh, and it expresses the overall energy needed in a day
to heat the building facility.
Table 23: Total energy needed for the 3 cases
Energy Needed (kWh) in Case 1

Energy Needed (kWh) in Case 2

Energy Needed (kWh) in Case 3

66.66044264

51.27726357

40.76542454

The total energy needed to heat the studied building component may vary from 66.66 kWh a day
to 40.77 kWh a day depending on the weather conditions. Knowing that 4.1°C is the minimum
daily average temperature in January and December. In other word, the energy needs may be less
than 40.76 kWh, depending on the temperature and its change throughout the day (for the three
values above, the temperature was assumed to be constant throughout the day).
4.4

HEATING SYSTEM

The purpose of this analysis is to propose a heating system that can provide the needed energy
based on the temperature outside. An insulated water tank of 300 Liters is already bought for the
project, so it should be taken into account. Ifrane was set as the location so that the simulation
would be based on the climatic data.
4.4.1 Heating System 1: Solar Heater
To simulate the solar heating system in the room, the software T-Sol was
used. The setting parameters are as follow:


Ifrane was selected as the location, and the indoor temperature was
set to 20 °C.



A flat-plate collector is chosen



The shading was drawn as it is in the real location



The tilt angle (or the inclination) was set to 45° facing the south



The piping parameters were set as follow:
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Figure 29: Shading and
Lighting in the house

Figure 30: Piping Parameters


The collector liquid is set to be: Water+ Glycol (40%) resulting in a specific heat capacity
of 3588 J (kg. K)



The area of the room was entered



Number of occupants (4 to 6 people)



The type of heating is selected as underfloor heating



Other parameters were entered, Figure 31 summarizes the system.

Figure 31: Simulation of a Solar Heating System
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The solar heater is linked to the storage tank, the heat exchanger is located in the latter, making the
heat transfer occur between the cold water inside the tank and the heated water+ Glycerol coming
from the collector. The heated water is then distributed for both domestic usage and space heating.
4.4.1.1 Results of the simulation:
Firstly, the solar irradiation onto the collector’s surface are determined based on the shading and
the weather conditions in Ifrane. Figure 32 summarises the irradiation results.

Figure 32: Annual irradiation onto collector surface
As seen, while taking into consideration the shade, about 154.3 kWh/m² is lost annually.

Figure 33: Daily maximum collector temperature
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Figure 33 shows the daily maximum temperature on the collector based on Ifrane’s weather. The
simulation was done throughout the year. Depending on the outside temperature and the shading,
it can be seen that the collector’s temperature varies from 25°C to 70 °C.

Figure 34: Graph showing results over 1-year simulation Period

Figure 35: Solar Energy Consumption as a percentage of total consumption
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Figure 34 shows the monthly savings (throughout the year) in terms of natural gas, and the
amount of CO2 emission avoided which is 361 kg per year. The graph shows the solar energy
provided, and the energy that needs to be provided by an auxiliary system, giving a DHW solar
fraction of 43%.
Figure 35 is shows the solar energy consumption compared to the overall energy consumption in the
months January-March, and October to December

.

Figure 36: Results of annual simulation
The results of the annual simulation are shown on figure 36. The proposed heating system saves
170 m3 of natural gas and 360.94 kg of CO2 emission is avoided (due to wood burning). However,
the system only covers 43.1% of the energy needs. While the system efficiency is 39.9%. That
means that an auxiliary heating system will be needed.
Figure 37 shows the energy balance schematic of the solar heating system:
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Figure 37: Energy Balance Schematic

4.5 HEATING SYSTEM 2: HEAT PUMP
In order to simulate the solar heating system in the room, the software T-Sol was used. Some of
the setting parameters are as follow:


Ifrane was selected as the location, and the indoor temperature was set to 20 °C



Ambient air is chosen as a heat source

44



The heating load was entered, 67 kWh



The heated area was entered as required by the software



The number of people is selected between 4 and 6 people



No off periods were selected, assuming the heating system will work 24h per day



Other parameters were entered, Figure 38 summarizes the system.

Figure 38: Simulation of a Heat Pump System
The heat pump is linked to the storage tank, the heat exchanger is located in the latter, making the
heat transfer occur between the cold water inside the tank and the refrigerant coming from the
pump. The heated water is then distributed for both domestic usage and space heating.
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4.5.1.1 Simulation Results

Figure 39: Energy generated and performance factor of the heat pump for the year simulation
Figure 39 shows the energy generated and the performance factor of the heat pump. It can be seen
that the energy generated can reach 280 kWh, and varies throughout the year. The heat pump met
98% of the energy demands, however the heat pump consumes about 1590 kWh per year, and the
results can be summarized below:


Heat pump Seasonal Performance Factor: 3.8



Annual Power Consumption of the heat pump: 1590 kWh



Annual Energy Generated: 6003 kWh



Utilized energy / Year:
o Space heating: 3523 kWh
o Domestic hot water: 2028 kWh



Thank Losses 453 kWh
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Primary Energy Savings: 5300 kWh



2% of space heating requirement could not be supplied

4.6 HEATING SYSTEM 3: HYBRID SYSTEM
The thermodynamic panel is a hybrid system that has a working principle in the middle of the
heat pump, and the solar heater. The refrigerant used in it is the one discussed in section 4.5, and
is the R134a. To model the thermodynamic panel, a hybrid system made of a solar heater, and a
heat pump is used in Geo Sol. The parameters of the solar panel are selected as shown in figure
40. While the heat pump, it was selected to match the performance of a thermodynamic panel.

Figure 40: Solar loop parameters
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Figure 41: Simulation of a Hybrid Heating System
4.6.1.1

Simulation Results

Figure 42: Hybrid System Performance Factor and Energy Produced
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Figure 42 shows the energy generated and the seasonal performance factor of the hybrid system. It
can be seen that the energy generated can reach 300 kWh (240 kwh from the heat pump and 60
kWh from the solar heater) and varies throughout the year to cover the energy needs of the house.
The results can be summarized below:


The hybrid system is a simulation for the thermodynamic panel. And the results of the
simulation are as follow:



Power consumption of the heat pump per year (compressor): 1001 kWh



Solar loop pump consumption per year: 103 kWh



Total energy generated:
o Heat pump: 3945 kWh
o Solar system: 2464 kWh



Utilized energy per year:
o Space Heating: 3853 kWh
o Domestic hot water: 2028 kWh



Primary Energy Savings 7470 kWh



CO2 emissions avoided: 1849 Kg



Seasonal Performance factor of the hybrid system: 5.8

The hybrid system (model of a thermodynamic solar panel) seems to be the best option, as it covers
all the energy needs, and it also saves CO2 emission, and even saves energy (7470 kWh). The
power consumed by the compressor is about 103 kWh per year.

4.7 FLOORING SYSTEM
4.7.1 Piping Choice
To choose the best piping option, different materials were investigated in terms of pricing and of
thermal conductivity as shown in table 25.
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Table 24: Thermal Conductivity of Tubing Materials [25]
Thermal Conductivity of

Piping

Material

Steel

Carbon Steel
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Copper

Copper

401

PEX

CPVC

Tubing Materials W/m K

Cross-linked High-density
Polyethylene
Chlorinated Polyvinyl
Chloride

0.51

0.14

PE

Polyethylene

0.38

PVC

Polyvinyl Chloride

0.19

Because of the high thermal conductivity of copper (401 W/m.K) compared to the other materials,
its availability in the Moroccan Market, and also its common usage for underfloor heating, it will
be used in the system.
4.7.2

Serpentine Design and Simulation:

Using LoopCad, many designs are experimented to optimize the thermal conductivity of the floor.
The tables below shows a few. Copper was selected as the pipe material for the heating system
while for the fluid used, water was selected.
Table 25: LoopCad Proposed underfloor designs

Heat
Embedded

Transfer

Slab

Plates above
Sub-Floor
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Concrete

Heat

over poor

Transfer

on Slab

plates below
sub floor

Gypsum

Structural

Over Poor

prefab board

on slab

product

Heat
Transfer
Plates on

Staple-up

Slab
(aluminum)
Prefab
Board

Concrete

Product on

thin Slab

Slab

The chosen system, due to the availability, price and heat transfer ability is: the embedded Slab, as
for the insulation layer, Polyethylene Foam is the right choice. The chosen flooring was entered
into the simulation for the serpentine design and, hence for the overall thermal simulation of the
studied area.

4.8 SERPENTINE DESIGN:
The software LoopCad was used for the simulation of the system. After sketching the house,
entering the required parameter such as the walls thickness, the U-value of room desired to heat up
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and also the power delivered by the heating system 41 kWh, the materials used for the flooring, the
flooring design, the insulation materials used in the walls, and the copper piping. 41 Kwh was
considered as the heating system’s power because it is the energy needed to heat up the room,
despite the fact that the heating system is able to deliver more, depending on the weather conditions.
Since Ifrane is not part of the database of the software, the weather information had to be entered
manually from the RetScreen data.
As for the serpentine’s design, a study was performed in order to determine which design would
be the most efficient. 4 plans were adapted and simulated in order to determine the temperature of
the room after the water circulates in the tubes. All of the parameters remained the same in the 4
simulations except the flooring design.
4.8.1 Floor plan 1: Single Serpentine
The single serpentine was applied to the studied room, and the simulation was applied.

Figure 43: Single serpentine 2D view

Figure 44: Single serpentine 3D view
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The single serpentine was
implemented in the desired
heated area. It is to be noted
that the serpentine was also
added to the bathroom. And the
temperature of both rooms is
about 26°C. 27.5m of copper
tubes were used for the living
room.

Figure 45: Thermal Analysis of Single Serpentine

4.8.2 Floor Plan 2: Double Serpentine

Figure 46: Double serpentine 3D view

Figure 47: Double serpentine 2D view

The double serpentine was applied to the studied room, and the simulation was applied.
53

The double serpentine was
implemented in the desired
heated area. It is to be noted that
the serpentine was also added to
the

bathroom.

And

the

temperature of both rooms is
about 26°C. 27.3m of copper
tubes were used for the living
room.

Figure 48: Thermal analysis of double serpentine
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4.8.3 Floor Plan 3: Perimeter Serpentine
The perimeter serpentine was applied to the studied room, and the simulation was applied.

Figure 50: Perimeter serpentine 2D view

Figure 49: Perimeter serpentine 3D view

The perimeter serpentine was implemented
in the desired heated area. It is to be noted
that the serpentine was also added to the
bathroom. And the temperature of both
rooms is about 26°C. 11.4 m of copper
tubes were used for the living room.

Figure 51: Thermal Analysis of a perimeter serpentine
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4.8.4 Floor Plan 4: Spiral Counterflow Serpentine

Figure 53: Spiral Counterflow Serpentine 2D view

Figure 52: Spiral Counterflow Serpentine 3D view

The spiral counterflow serpentine was applied to the studied room, and the simulation was applied.

The

spiral

counter

serpentine

was

implemented in the desired heated area. It is
to be noted that the serpentine was also
added to the bathroom. And the temperature
of both rooms is about 26°C. 29.6m of
copper tubes were used for the living room

Figure 54: Sprial Counterflow Serpentine Thermal
Analysis
4.8.5

Conclusion for the serpentine design

The 4 proposed designs gave similar results: the room get heated to 26-27 °C which is beyond the
target: 20°C. However, the 4 designs require different lengths of piping, making their prices
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different. The more piping required, the higher the heating price (installation and maintenance).
So the best option is to adopt the perimeter serpentine, as it only requires 11.4 m of copper piping.

5 FINANCIAL ANALYSIS
5.1 ACTUAL HEATING COST IN THE ZAOUIA
After interviewing the Mekedem and the director of the Chabiba house, they confirmed that the
average wood consumption of most households is: between 4 and 6 tons of wood. Knowing that
each ton costs 1300 MAD with an additional 150 MAD for transportation costs, making it 1450
MAD/ ton.
So the cost cost of heating of a typical household in the Zaouia is between 5800 MAD and 8700
MAD per year.

5.2 COST OF THE UNDERFLOOR PIPING SYSTEM
8.64 is the area of the studied room. As for the length of the pipes, 11.4 m is the optimal length
according to the study.
Table 26: Underfloor heating system pricing
Material

Quantity

Unit

Price MAD / Total Price
unit

m

20.32 [26]

231.648

8.64

m²

269.91 [26]

2332.0224

Mortar ( 3cm thick) ( 5 layers) 8.64

m²

36.76 [26]

1588.032

8.64

m²

14.95 [26]

129.168

TOTAL

4280.8704

Copper
diameter,

tubes
1.1

mm 11.4

(9.9
mm

thick)

according to ISO 15875-2
Insulating Tube Holder (EPS)

Polyethylene Foam

(MAD)
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The total price of underfloor construction (piping+ material) is: 4280.8704 MAD

5.3 COST OF THE HEATING SYSTEMS
5.3.1 Solar Heater
To estimate the average price of a solar heater in Morocco, various companies and website were
contacted. A Solar heater of a capacity of 300L costs between 13500 MAD and 19500 MAD [27].
The chosen solar heater, that goes with the specified requirements (in the simulation) costs: 14500
MAD [28].
5.3.2 Hybrid System: Thermodynamic panel
As for the heat pump, the thermodynamic panel would be the
perfect fit for the house. It is a heat pump that uses the
refrigerant r134a. In fact it is “a halfway house between a
solar panel and a heat pump. The primary purpose of this
product is to provide heat energy in the form of hot water

Figure 55: Thermodynamic Panel [29]

predominantly, but soon the systems will be adapted to
provide space heating (central heating) as well” [29].
The average price for a thermodynamic panel that would feed a 300 Liters tank in Morocco is
about: 19800 MAD.
However, for the panel, there are monthly charges that come with the compressor’s consumption
of electricity, which is about 1005 kWh / year (according to the simulation). And the average price
of 1 kWh of electricity in Morocco is about 1 MAD (it can vary according to periods and timing)
[30].
So, a yearly cost of about 1500 MAD should be added to the thermodynamic panel.
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5.4 PAYBACK PERIOD

Table 27: Total Investment and yearly costs
Thermodynamic panel

Under flooring system

Total

19800

4280.8704

24080.8704

1500

0

1500

(hybrid system)
Investment
(MAD)
Yearly Cost
(MAD)

So the total investment is of 24,080.8704 MAD while the yearly cost is 1500 MAD.
Knowing that the residents of the village spend between 5800 MAD and 8700 MAD per year for
heating, the payback period can be computed as follow:
Payback Period =Total investment / (old yearly cost- new yearly cost)
Table 28: Payback Period
Minimum Payback

Maximum Payback

Period

Period

3.344565333

5.600202419

So the payback period ranges between 3.4 years and 5.6 years.
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6 CONCLUSION
As a closure to this project, energy efficiency houses have an enormous potential, particularly in
Moroccan rural areas such as Zaouiat Sidi Abdslam. The citizen of this village are living in
uncomfortable circumstances. From a lack of tile roofs, to uninsulated houses, winters are harsh
for them. They are willing to act on the situation of their community and are willing to commit to
change. There is a potential in the renewable sources, mainly the sun. The solar radiation in the
region varies to attain about 8 kWh/m2/day in July while it reaches its minimum in both January
and December which is about a daily average of 2.6 kWh/m2/day.
Thermal Efficiency can be achieved by working on many parameters including insulation, thermal
activated materials, heating systems, underfloor radiant system among others. The house insulation
was studied and the best alternative, seen the price and the thermal resistance, is the Extruded
Polystyrene (XPS), that costs between 60 and 100 MAD for a m². Its thermal resistance is of 2.28
(m²K/W). As for the energy needs of the studied building component, the U-value is of 2.285 (W/m²K),
while the air leakage and the energy needed to heat the volume of air in the room varies depending on the
outside temperature. Three weather cases were considered, -6°C, 0°C, and 4.1 °C. Respectively, 66.67 kWh,
51.28 kWh, and 40.76 kWh daily of thermal energy are needed for each case. However, the temperatures
may vary during the same day, so an average will be taken into account. Three heating system were
simulated: a solar heater, a heat pump, and a hybrid system composed of both the solar heater, and the heat
pump. The hybrid system serves as a modelling of the thermodynamic panel as its working principle lays in
the middle of both the heat pump and the solar heater. The more efficient and more productive system is the
hybrid one. It covers the energy needs: a production of 6409 kWh per year, avoids about 1849 Kg of CO2

emission and has a seasonal performance factor of 5.8. As for the underfloor radiant heating system,
copper was chosen as the piping material, while for the flooring, the embedded Slab was the best
fit, and Polyethylene Foam was picked to be used in the insulation layer. The optimal design for
the system was the perimeter serpentine, because it requires less tubing, and hence, less
maintenance, and is, in fact, more economical, knowing that the thermal performance is similar to
other serpentines designs. Finally, the overall investment of the underfloor radiant system and the
hybrid heating system is 24,081 MAD and the payback period can take between 3.4 years and 5.6
years.
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A potential area of work would be the optimization of the heating time, depending on the capacity
of thermal storage materials. In fact, that would minimize the energy consumption and any related
expenses.
As for the future plans, the house renovation will start in December 2018, and the implementation
of the solutions and system will be done on the field. We hope to make this house an inspiring
model and example in the community, and potentially see the Zaouiat Sidi Abdeslam developing
towards an ecological village.
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APPENDIX A: DESIGN BUILDER HOUSE SKETCH
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APPENDIX B: HOUSE PLAN (AUTOCAD)
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APPENDIX C: U-VALUE USING DESIGN BUILDER

68

69

70

