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Abstract: 

The purpose of this capstone project is to find an efficient solution for a flooring and heating 

system to be implemented in a house in Zaouiat Abdessalam and this using the cheapest and 

the most efficient solution in terms of materials used. The ultimate goal is to build a sustainable 

and energy efficient house that will serve as an example for building other energy efficient 

houses that will consist of using minimum energy when being heated but will be heated 

efficiently, meaning with no heat losses. Further in the report multiple methods will be 

compared and innovation will take place to implement a strongly efficient flooring system that 

will work efficiently with all other systems in the house. As a matter of fact, flooring systems 

in buildings have their share in the heat loss (5% of the building envelope [16]) and should be 

studied to provide insulation strategies that will decrease the heat losses. In addition to floors, 

ceilings and roofs will also be studied as they generate heat losses for the building, and are 

related to the flooring and heating system that will be suggested. 

 

In the same context, a heated floor system will be defined briefly and shown as an efficient 

solution for heating. Simulations done in DesignBuilder will be explained to show the feasibility 

of this chosen system. Comparison between U-values of different component structures 

(Pitched roof, ceiling, internal floor, ground floor and external floor) will be defined as a matter 

of proof, along with the heating designs and simulations on winter day of sample structures 

used to arrive to the final solutions. In addition to this, a cost analysis will be defined to give 

the budget to be allocated for this final solution.  
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1. Introduction: 

1.1. Overview and objectives: 

Zaouiat Abdessalam is a region located approximately at 2 km from Ifrane city and like Ifrane 

it is a cold region in winter and fall seasons. The inhabitants of this region suffer from the cold 

weather during the winter and fall seasons due to their lack of strong and insulated houses which 

is the result of their low financial means that doesn’t allow them to provide good insulations for 

their homes and benefit from efficient heating. The people that live their generally recur to 

heating with burning wood which can help a little bit but is strongly dangerous for the eco-

system. The issue is to provide for these people a proper shelter that is well equipped with 

energy efficient systems that can allow them to not only have access to heating but also to make 

their houses zero emissive. To realize that many regulations should be followed and some 

objectives should be stated as follows:  

 Lowering energy consumption efficiently and effectively through thermal 

insulations and sustainable systems 

 Finding the cheapest cost through choosing the best solution 

 Building this system using innovation and optimized design  

 Focusing on zero emissivity and being zero emissive oriented 

 

1.2. Steeple analysis: 

Through the following analysis, the project will be subjected to 7 external factors that for the 

acronym Steeple (Socio-demographic, technological, economic, environmental, political, legal, 

and ethical) factors. For the design of the flooring and heating system of a sustainable building 

topic, the steeple analysis is as follows: 

 Socio-demographic: This factor appears with regard to the topic stated above in the 

right and habitation comfort that inhabitants of the regions should have. The goal is to 

follow the techniques used for this specific building in order to save costs. 

 Technological: This factor is related to the tools used to achieve the goal of this project, 

meaning using simulation software such as DesignBuilder and AutoCAD to study 

accurately the effect of materials on energy losses of the building. 
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 Environmental: As stated in the objectives part of the introduction, the environmental 

aspect appears in the zero emissivity of the resulting building which will help reduce 

the consumption of wood and electricity. 

 Economic: Lowering the consumption of electricity will automatically lower costs 

incurred to the house owners. It will help the families to be more comfortable 

financially. 

 Political: The success of this project will motivate other inhabitants to learn how it can 

be achieved and they will be assisted with trainings that will allow them not only to 

improve their way of living but also to give them jobs. As a matter of fact, there are 

many young people in the Zaouia that have the level to learn and are motivated for this 

project and they do not have a job. 

 Legal: For the success of this project the legal aspect is surely important as the 

authorization and permits of construction should be given by authorities. Also, plan of 

construction should first be approved by an architect that is considered to be the first 

party to give the approval for the continuation of the construction. 

 Ethical: Ethics of this project are shown in safety regulations and measures that should 

be followed and the transparency of the process in which this project will be done. 
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2. Methodology: 

2.1 Importance of zero emission: 

As shown in Figure 2.1.1, CO2 emissions have increased massively from 1960 to 2014 and we 

can see a small decrease starting from 2014 due to interventions and ecological movements, but 

this decrease in the curve can be neglected.  

 

 

Figure 2.1.1 CO2 Emissions in Morocco in every field [1] 

However, in Figure 2.1.2, which is interesting to this topic, it appears that the percentage of 

emissivity has increased in households with approximately two percent from 1971 to 2014 

which is not convenient for the Moroccan eco system. Therefore, energy efficient and zero 

emission buildings need to be implemented. 
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Figure 2.1.2 CO2 Emissions in Morocco for residential purposes [2] 

2.2. Specifications: 

The two systems (flooring and heating) will be studied and analyzed in a way to coordinate 

between them and create one efficient and sustainable system. The analysis regarding this 

project will be about taking into consideration the dimensioning of the building, the soil, the 

materials that will be used and their sustainability. The analysis takes into consideration the 

types of flooring and heating systems and will give an idea about the design phase that will 

come just after. 

 

After gathering all the information that is critical for this project, mainly the elements stated 

previously, the design of the system will be handled using some background of energy 

management and audit of a building, and also using the software “DesignBuilder”, to design 

the building and simulate the system chosen. The design part being covered, the focus will then 
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be aimed to the implementation of this project. To insure the success of this phase, all systems 

of the building should be taken into consideration, and the testing will be done through seeing 

the efficiency and sustainability of the building, but before this, the main test will be about the 

flooring and heating design which is the purpose of this project. Observations and calculations 

will be done and to see whether results of efficiency and sustainability were achieved further in 

the report.  

 

2.3. Feasibility: 

Before mentioning the feasibility of this project, one should assess concretely the choice of 

system that needs to be implemented in the sustainable building in question. For this, a 

benchmark is done to have an idea about all the types of flooring and heating systems available 

in the market, in a first place, and then, see the possibility to merge these two systems in one to 

create one efficient system.  

 

After this first benchmark research, the best alternatives are chosen, and all gathered data about 

the systems are studied in order to find a possible best solution that will be implemented. The 

solution that is to be chosen lies on its concordance and matching with our building that is 

studied.  

 

To see whether it is feasible or not, the system chosen is analyzed and tested following the 

constraints of the building, mainly: dimensions, the conformity with energy efficiency and 

effectiveness. The results will be based on whether the system is efficient for heat loss, and 

finally the sustainability of the building should appear to be preserved after the simulation. 

 

Last but not least, another aspect of the feasibility study would be the financing of this project. 

To insure the success of this project, a cost analysis would be included in a way to have an 

information about the financing of the different phases of the project. 
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2.4. Design of the building: 

 

In order to begin the work, the design of the building is a critical step for the operations that 

will follow. The building is drawn using the DesignBuilder software, and all the dimensions 

were taken into consideration to create this building, according to the plans that were approved 

by the local engineer and that were developed in AutoCAD software as seen in Appendix A, 

B, and C. The following screenshots show the template building (in details) that will be studied 

where all the floors and zones are taken into consideration: 

 

 

Figure 2.4.1 Building layout with all the views [13] 
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Figure 2.4.2 Basement with all views [13] 

 

Figure 2.4.3 Main floor with all views [13]

 

Figure 2.4.4 Pitched unoccupied roof with all views [13] 
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As it is seen in Figure 2.4.1, 2.4.2, 2.4.3, 2.4.4, all the components of the building are shown 

with all their views. These components were created with DesignBuilder as they will help to 

perform the simulations that will follow. Figure 2.4.5 below shows the different sub-

components of each block of the building which are mainly the different areas of the different 

blocks:  

 

 

Figure 2.4.5 Complete outline of the building [13] 

To be more accurate in the study of the flooring system, the building’s flooring area are to be 

calculated accurately. The table below, Table 2.4.1, gives some information regarding the 

flooring ceiling areas that will be used for the analysis of the final structure that will be 

suggested further in the report.  
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Table 2.4.1 Building components areas to be used in the construction 

Building component Area (m²) 

Basement floor  78.58 

Maximum basement floor usage 67.64 

Ceiling basement 78.58 

Main floor 64.91 

Maximum main floor usage 53.59 

Pitched unoccupied roof area (30° 

inclination) 

43.45 

Total building area of construction 243.26 

 

 

Note that the Maximum basement floor and maximum main floor component were calculated 

excluding the walls thicknesses which are assumed to be 0.2 m thick, and this value was taken 

as a minimal one in order to maximize the quantity of material that will be needed. 
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3. Theoretical Properties: 

3.1. Heat transfer: 

3.1.1. Convection:  

This type of heat transfer was derived from the newton’s law of cooling and it occurs, for the 

case of buildings, through windows and door cracks. For this project, this transfer will be 

analyzed in the heated floor system which relates to when the fluid (water) flow in the heating 

tubes will be induced by induced by an external force, such as a pump. In this case, it is a forced 

convection. [3] 

𝑃ℎ = 𝑈 𝐴 ∆𝑇 

Where:  

Ph = Heat flow (W). 

U = Coefficient of transmission (W/m².k) 

A = Heat transfer area of the surface (m²). 

ΔT = Temperature difference (K). 

3.1.2. Radiation:  

Radiation heat transfer was derived from the Stefan-Boltzmann law and occurs, for the case of 

buildings, through windows. All materials heated to a given temperature emit thermal radiation 

therefore, they transfer heat by radiation. In this report, the focus will be about the radiation 

emitted from the floors through the heated floor system that will be suggested. [4] 

𝑃 =  𝜎 𝐴 𝑇4 

Where:  

P = Power (W). 

A = Surface area (m²). 

𝛔 = Stefan-Boltzmann constant (5.6703*10-8 (W/m².K4)). 

T = Absolute temperature (K). 

3.1.3. Conduction:  

Heat transfer by conduction was derived from the Fourier’s law and occurs generally for 

buildings through windows, walls and roofs. It defines the quantity of heat transmitted by 

conduction, from where the thermal conductivity can be derived, as the quantity of heat 

transmitted through a unit thickness of a material. [5] 



11 
 

𝑃ℎ =  𝑘 
𝐴

𝐿
  ∆𝑇 

Where:  

Ph = Heat flow (W). 

A = Area of cross section (m²). 

k = Thermal conductivity (W/m.K). 

ΔT = Temperature difference (K). 

L = Thickness (m). 

 

3.2. Thermal Effusivity:  

Also known as the heat penetration coefficient, thermal effusivity is the product of the thermal 

conductivity (k) and the volumetric thermal capacity (𝜌 cp). [6] 

𝑒 = (𝑘 𝜌 𝑐𝑝)
1
2 

Where: 

e = Thermal effusivity (W.s1/2/m2.K). 

k = Thermal conductivity (W/m.K). 

𝜌 = Density of the material (kg/m3). 

cp = Specific heat capacity of the material (J/kg.k). 

 

3.3. Heat capacity:   

This characteristic refers to the amount of heat required to change the temperature of a specific 

object by one degree. [7] 

𝐶 =  
𝑄

∆𝑇
 

Where:  

C= Heat capacity of the system or object (J/K). 

Q = amount of heat supplied (J). 

ΔT = temperature rise (K). 

 

3.4. Specific Heat capacity:  

The amount of heat required to change the temperature of a mass unit of a substance by one 

degree, meaning it’s the heat capacity by unit mass. [7] 
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𝑐𝑝 =
𝑘

𝐷 𝜌
 

Where:  

k: is the thermal conductivity in (W/m.K). 

D: is the thermal diffusivity in (m²/s). (𝐷 =  
𝑘

𝜌 𝑐𝑝
) 

𝜌: is the density of the material in (kg/m3). 

 

3.5. U and R-Values:  

The overall heat transfer coefficient is a measure of the rate of heat loss or gain through a 

construction of materials. A low U-value means that the material is very resistant to heat flow 

therefore has a good insulating value. [8] 

𝑈 =  
1

∑ 𝑅𝑖
𝑛
0

=  
𝑘

𝐿
=  

𝑃ℎ

𝐴 ∆𝑇
 

Where: 

U = Coefficient of heat transfer = Coefficient of transmission = Overall heat transmission 

coefficient = U-value = U-factor (W/m².K). 

R = Thermal resistivity of each layer of material from inner layer to outer layer (m².K/W).      

(I.e. for floors: from timber wood layer to earth).   𝑅 =  
𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 

𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦
=

1

𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑎𝑛𝑐𝑒
 

k: Thermal conductivity in (W/m.K). 

L = Thickness (m). 

Ph = Heat flow (W). 

A = Area of cross section (m²). 

ΔT = Temperature difference (K). 

 

3.6. Heat loss: 

The total heat loss of a building is the quantity of heat leaked from a building and it can be 

analyzed through different components of the building [9], it can be expressed as follows: 

𝐻 = 𝐻𝑡 + 𝐻𝑣  +  𝐻𝑖  

H = overall heat loss (W). 
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3.6.1. Heat loss due to transmission:  

 

 

𝐻𝑡 = 𝑈 𝐴 ∆𝑇 

Where:  [9] 

A = area of exposed surface (m²). 

U = overall heat transmission coefficient (W/m².K). 

ΔT = Temperature difference between outermost and innermost layers (K). 

3.6.2. Heat loss caused by ventilation:  

𝐻𝑣 =  𝑐𝑝 𝜌 𝑞𝑣 ∆𝑇 

Where: [9] 

Hv = Ventilation heat loss (W). 

cp = Specific heat air (J/kg.K). 

ρ = Density of air (kg/m3). 

qv = air volume flow (m3/s). 

ΔT = Temperature difference between outermost and innermost layers (K). 

3.6.3. Heat loss caused by infiltration:  

𝐻𝑖 =  𝐶𝑝 𝜌 𝑛 𝑉 ∆𝑇 

Where:  [9] 

Hi = Heat loss infiltration (W). 

cp = Specific heat air (J/kg.K). 

ρ = Density of air (kg/m3). 

n = number of air shifts, how many times the air is replaced in the room per second (1/s) (0.5 

1/hr = 1.4 10-4 1/s as a rule of thumb). 

V = Volume of room (m3). 

ΔT = Temperature difference between outermost and innermost layers (K). 

 

3.7. Emissivity coefficient: (ԑ) 

This coefficient gives an indication about the rate heat transfer of a material by radiation 

according to Stefan-Boltzmann law. [10] 
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4. Flooring Systems: 

4.1. Floor framing: 

Every flooring system is composed of a flooring frame which is the outer structure of the 

finished constructed floor. In a theoretical meaning, the external and internal boundary layers 

of the flooring structure represent the framing. The framing includes also the joist hangers (1 

and 2) used to support and handle the joists, brick/block hangers (3) used for mortar installation, 

sawn lumber connectors (4) that are used to support the internal and external boundary layers 

of the flooring system, metal bridging (5), lateral restraint straps (6) used for bracing joists. [11] 

 

Figure 4.1.1 includes the different framing components that were described above.  

 

Figure 4.1.1 Components used for the floor framing [11] 

These components are used in the construction of the different types of flooring frames. Three 

types of frames are distinguished in the following sub-sections: 

 

4.1.1. Timber floor: 

The timber floor frame is mostly used in domestic floors and is best suited for heated floor 

systems as the frame gives a convenient structure to use the heating pipes of the heating system. 

It is composed of floor joists that need to be dimensioned according to the bearing stress that 

will be applied to them. Figure 4.1.1.1 gives an idea about a simple timber floor frame, in 

general, whereas Table 4.1.1.1 gives an appropriate clear span between the joists to be applied 

with respect to their size. 
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Figure 4.1.1.1  Simple timber floor frame structure [12] 

 

Table 4.1.1.1  Table assuming a minimum C16 structural grade timber with 

respective dimensions to use [12] 

 
 

Aside from these requirements, the timber floor framing is divided into three categories which 

are shown as follows: 

 

4.1.1.1. Solid joist: 

 

The first frame represent the solid joist and requires wood-based boards of minimum mass per 

unit area of 15 kg/m², solid joists with a minimum of 200 mm depth and a  

Maximum of 600 mm centers, and all joints staggered and sealed in addition to a resilient metal 

bar in the base, in addition to the legend Figure 4.1.1.1.1. [14] 
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Figure 4.1.1.1.1 Solid joist [14] 

4.1.1.2. “I” joist: 

 

This type of timber floor frame is about another structure of joists in the shape of “I” and is 

similar to the requirements of the solid joists but without a maximum thickness of 600 mm as 

the “I” shape structure is covering for the bearing stress, as seen in Figure 4.1.1.2.1. [14] 

 
Figure 4.1.1.2.1 “I” joist [14] 

4.1.1.3. Metal “C” joist: 

 

Metal joists timber frame use another type of joists which are metal joists in the shape of “C” 

differ from the other timber frames in the type of joists with a maximum 400 mm centers, as 

seen in Figure 4.1.1.3.1. [14] 

 
Figure 4.1.1.3.1 Metal “C” joist: [14] 
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4.1.2. In-situ concrete plank /composite steel deck:  

In-situ concrete plank frame is used for high resistance for mass per unit area using a composite 

steel deck or in-situ concrete plank of 180 kg/m², as seen in Figure 4.1.2.1. [14] 

 
Figure 4.1.2.1  In-situ concrete plank /composite steel deck [14] 

4.1.2.1. Precast hollowcore: 

 

The Precast hollowcore frame, one type of In-situ concrete plank /composite steel deck, 

contains a minimum of 150 mm precast hollowcore concrete slab of a minimum of 230 kg/m² 

mass per unit area, it is important for this kind of frame to have its joints fully sealed and filled, 

as seen in Figure 4.1.2.1.1. [14] 

 
Figure 4.1.2.1.1 Precast hollowcore [14] 

4.1.2.2. Solid Precast: 

 

This second frame doesn’t require any leveling screed as it has a concrete structure and apart 

from this it has the same requirements as the previous one. See below the Figure 4.1.2.2.1. [14] 

 
Figure 4.1.2.2.1 Solid Precast [14] 
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4.1.2.3. Composite steel deck: 

 

The composite steel deck frame differs from the two previous ones in the steel based permanent 

metal deck as seen in the blue region in Figure 4.1.2.3.1. [14] 

 
Figure 4.1.2.3.1 Composite steel deck [14] 

4.1.3. Concrete beam and block:  

The third main floor framing refers to the concrete beam and block, which is a structure 

containing concrete beams and block infill with a minimum depth of 150 mm for the beams. It 

is also required to fix the ceiling finish using 50 x 50 mm battens on resilient bars and also to 

seal all joints, as seen in Figure 4.1.3.1. [14] 

 
Figure 4.1.3.1  Concrete beam and block [14] 

4.2. Floor structures: 

 

Complementary to flooring frames, the flooring structures, which represent the filling structure 

of the internal and external boundary layers of flooring systems, contain the layers on 

construction and insulation materials used to provide a final structure to the floor. The floor 

structures, consequently, focus on the materials to use in the cross sectional plane of the flooring 

system. As seen in Figure 4.2.1, the layers detailed in the floor, meaning from the compact 

hardcore layer to the floor finish layer, constitute the flooring structure. 
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Figure 4.2.1  Floor structure example [15] 

 

In the analysis part of the report, the focus will be about the floor structure rather than floor 

framing, where a list of materials will be shown and tested through the creation of multiple layer 

structures. Simulation will also be based on the materials in the floor structures as the 

importance of this project remains in the heat losses and energy of the building. Nevertheless, 

a flooring frame will be selected as the best choice that will match the study and analysis of the 

flooring structure.  
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5. Analysis:  

In this section, the work performed will be detailed with regards to this project. In the sub-

sections bellow, information about the construction materials and insulation materials that were 

used will be detailed and screenshots of the heating design of each structure will be shown as 

results. 

However, to introduce the energy aspect in the flooring systems, it is convenient to show some 

numbers related to heat losses in the building envelope and see the percentage of heat losses of 

the components that will be studied in this project. Table 5.1 provides information about the 

heat losses that will be analyzed in the building, where the components in question are 

highlighted in yellow. The percentage of heat loss that will be studied in the building envelope 

is 33% (3+5+25), and is a considerable value for the analysis part and in the building in general. 

 

Table 5.1 Percentage of heat loss in each component of the building envelope [16] 

 

 

5.1. Construction materials: 

Some construction materials were selected as general construction materials which are 

commonly used in domestic constructions, which are summarized in Table 5.1.1 below along 

with their thermal conductivity as it will be important for the design of the structure. These 

materials were taken from DesignBuilder and the values of ‘k’ were already calculated by the 

software.   

 

 

 

 

 

 

 



21 
 

Table 5.1.1 Construction materials with their respective thermal conductivity [13] 

Construction materials  Thermal conductivity (k or λ) (W/m.K) 

Cement screed 1.4 

Mortar 0.880 

Concrete 1.130 

Gypsum sand render 0.8 

Clay 1.5 

Ceramic 0.8 

Flooring blocks (Timber flooring) 1.50 

Ceramic tiles 0.8 

Hardwood  0.15 

Roofing felt 0.19 

Wooden batons 0.15 

 

5.2. Insulation materials:  

The insulation materials provided in Table 5.2.1 below were selected from the thermal 

regulation construction in Morocco developed by the ADEREE (national agency for the 

development of renewable energies and energy efficiency), as they are the most efficient 

materials for the Moroccan country and climate in general.  

   

Table 5.2.1 Insulation materials [17] 

Insulation materials Thermal conductivity (W/m².k) 

Glass wool 0.036 

Expanded polystyrene (EPS) 0.04 

Extruded polystyrene (XPS) 0.034 

Cork 0.04 

Rockwool  0.047 

Polyurethane 0.028 

 

 

These materials will be subject to analysis for the final flooring system. The values of thermal 

conductivity were provided by DesignBuilder, those same value will be used further in the 

simulation and design. Some information about each of these selected materials are shown as 

follows: 
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 Glass wool:  

 
Figure 5.2.1  Glass wool [17] 

Glass wool has a density and a thermal conductivity that vary from 16 to 60 kg/m3 and 0.034 to 

0.045 W/m².k respectively, it requires 1 to 2 (meters) rolls and 3 to 4 (meters) panel to resist to 

water vapor, however, its reaction to fire is a small combustion to non-flammable, and resists 

0.2 kg/cm² to pressure. [17] 

 

 Expanded polystyrene (EPS) 

 
Figure 5.2.2 EPS [17] 

EPS has a density and a thermal conductivity that vary from 15 to 65 kg/m3 and 0.03 to 0.04 

W/m².k respectively, it requires 20 to 225 meters to resist to water vapor, however, its reaction 

to fire is moderately flammable, and resists 0.7 to 3.5 kg/cm² to pressure. [17] 

 

 Extruded polystyrene (XPS) 

 
Figure 5.2.3 XPS [17] 

XPS has a density and a thermal conductivity that vary from 20 to 30 kg/m3 and 0.028 to 0.04 

W/m².k respectively, it requires 20 to 225 meters to resist to water vapor, however, its reaction 

to fire is moderately flammable, and resists 3 to 7 kg/cm² to pressure. [17] 
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 Cork 

 
Figure 5.2.4 Cork [17] 

Cork has a density and a thermal conductivity that vary from 80 to 140 kg/m3 and 0.032 to 0.045 

W/m².k respectively, it requires 10 to 13 meters to resist to water vapor, however, its reaction 

to fire is hardly flammable, and resists 0.2 kg/cm² to pressure. [17] 

 

 

 

 Rockwool 

 
Figure 5.2.5 Rockwool [17] 

Rockwool has a density and a thermal conductivity that vary from 20 to 150 kg/m3 and 0.034 

to 0.040 W/m².k respectively, it requires 0.8 to 2.2 meters to resist to water vapor, however, its 

reaction to fire is non-combustible to non-flammable, and resists 0.7 to 1.3 kg/cm² to pressure. 

[17] 

 

 Polyurethane (PUR) 

 
Figure 5.2.6 PUR [17] 

PUR has a density and a thermal conductivity that vary from 28 to 50 kg/m3 and 0.022 to 0.028 

W/m².k respectively, it requires 100 meters to resist to water vapor, however, its reaction to fire 

is combustible et moderately flammable, and resists 1.6 to 3.5 kg/cm² to pressure. [17] 
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5.3. Energy efficient system:  

To begin the design of the flooring and heating system in an efficient manner, it is important to 

refer to some properties discussed in sections 3.1, 3.5, and 3.6, which are about heat transfer, 

U and R values, and heat losses. These three components should be treated in the context of 

energy efficiency, therefore some requirements will be discussed. 

 

Starting with heat transfer, the main focus is directed to heat transfer by conduction, which is 

also related to thermal conductivity. As DesignBuilder calculates automatically the thermal 

conductivities of the list of materials available in its library, the only task will be about 

comparing the values of the different materials selected for construction, and those selected for 

insulation. For insulation materials, the smallest thermal conductivities are to be chosen, and 

for the construction materials, high thermal conductivity value materials will be selected in the 

outermost layers of the floor in order to conduce easily heat with the heated floor system.  

Similarly to thermal conductivity, U and R-values are also calculated by DesignBuilder 

automatically, and will be compared in the level of the whole structure, meaning not the single  

U and R-values of each material will be compared but the U and R-values of all the materials 

used in a specific structure. Even though the value is generated automatically, it is important to 

know some regulations regarding these values in each building component that will be studied.  

 

As seen in the highlighted parts (in yellow) of Appendix D, in the fourth geo-meteorological 

zone (Ifrane), the exposed roofs require a maximum U-value of 0.55 W/m².k for a low rate of 

glazing, and 0.49 W/m².K for a high rate of glazing. Concerning the floors, the requirements 

are a minimum value of 1.25 m².K/W [18]. Ceilings will be treated like floors as they constitute, 

in the case of this project, the floor of the upper level of the building.  

In addition to these requirements, designBuilder also provides some regulations related to the 

U-value depending on the design that was created, and for this specific building, the regulations 

for the building envelope are shown in Figure 5.3.1 as follows: 
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Figure 5.3.1 Regulations of U-value for the building envelope components [13] 

 

 

Regarding heat losses, the heating design option in DesignBuilder generates a full heat losses 

and gains of each component of the building according to the template used for the modification 

of each building component. The calculation of this part are also done automatically. In the 

following sub-sections, heating design figures will be shown along with the simulations of a 

random winter day in the specific region.  

 

5.3.1 Approach: 

To find a final flooring structure for the building, a sequence of work was performed based on 

testing and layer changes in the flooring structure.  

The work breakdown which allowed to reach the final result is described in the following 

steps as follows: 

 

1) Choice of insulation material: 

For this first step, the materials introduced in sections 5.1 and 5.2 were chosen to form a first 

test that will allow to choose the best insulation material through a comparison of the U and R-

values of the samples. For this, five ground and internal floor samples were used as first 

samples, and the values generated from DesignBuilder were gathered in Table 5.3.1.1 below: 
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Table 5.3.1.1 U and R-values of ground and internal floor base samples generated by 

DesignBuilder [13] 

 

U-Value 
(W/ m².K)  

R-value 
(m².K/W)  

 ground internal ground  internal 

1) Cement screed/ceramic         

Glass wool 0.17 0.559 5.895 1.788 

Expanded polystyrene (EPS) 0.187 0.606 5.34 1.65 

Extruded polystyrene (XPS) 0.161 0.535 6.222 1.87 

Cork 0.187 0.606 5.34 1.65 

Rockwool insulation 0.218 0.683 4.595 1.463 

Polyurethane 0.134 0.458 7.482 2.185 

2) Mortar/ceramic         

Glass wool 0.169 0.554 5.912 1.805 

Expanded polystyrene (EPS) 0.187 0.6 5.356 1.666 

Extruded polystyrene (XPS) 0.16 0.53 6.239 1.887 

Cork 0.187 0.6 5.356 1.666 

Rockwool insulation 0.217 0.676 4.612 1.48 

Polyurethane 0.133 0.454 7.499 2.202 

3) Concrete/ceramic         

Glass wool 0.169 0.557 5.902 1.795 

Expanded polystyrene (EPS) 0.187 0.604 5.346 1.656 

Extruded polystyrene (XPS 0.161 0.533 6.229 1.877 

Cork 0.187 0.604 5.346 1.656 

Rockwool insulation 0.217 0.68 4.602 1.47 

Polyurethane 0.134 0.456 7.489 2.192 

4) Gypsum/ceramic         

Glass wool 0.169 0.553 5.917 1.81 

Expanded polystyrene (EPS) 0.187 0.598 5.361 1.671 

Extruded polystyrene (XPS) 0.16 0.529 6.243 1.892 

Cork 0.187 0.598 5.361 1.671 

Rockwool insulation 0.217 0.673 4.616 1.485 

Polyurethane 0.133 0.453 7.504 2.207 

5) Clay/ceramic         

Glass wool 0.17 0.56 5.893 1.787 

Expanded polystyrene (EPS) 0.187 0.607 5.338 1.648 

Extruded polystyrene (XPS) 0.161 0.535 6.22 1.868 

Cork 0.187 0.607 5.338 1.648 

Rockwool insulation 0.218 0.684 4.593 1.461 

Polyurethane 0.134 0.458 7.481 2.183 
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As seen in the table, each of the five samples have themselves five choices for insulation 

materials were selected, which gives a 25 sample base test. The ceramic material didn’t change 

in the samples as it was chosen for the floor finishing layer. The values obtained were based on 

the creation of two base samples that contains the following layers shown in Figure 5.3.1 for 

ground and internal floor respectively. Note that for each sample the changes occurred in layers 

2, 3, and innermost shown in the figure, where innermost and third layer refers to the main 

construction materials and layer refers to the insulation materials shown in Table 5.3.1. This 

task was repeated 25 times. 

 

 

Figure 5.3.1.1 Base test layers for ceramic and cement screed construction materials and 

XPS insulation for ground and internal floors [13] 

 

This first step was accomplished by choosing the PUR insulation material as it was seen that 

the smallest U-values and, accordingly, biggest R-values were obtained from the samples with 

this insulation as highlighted in red in Figure 5.3.1. For the construction materials, the fourth 

category (gypsum/ceramic) was chosen as, compared to the other four samples, it has the lowest 

U-values and biggest R-values.   
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2) Efficient construction based on PUR:  

a) Addition of building components and adjustment of flooring structure: 

As the design of flooring and heating system merged in one system is one requisite of this 

project, not only the flooring building components will be studied, but also the roof, a pitched 

unoccupied roof in the case of this building, and ceiling as it represent part of the flooring 

system of the main floor of the building. The roof will be studied because it will be utilized by 

the heating system, based on a solar water heater, which will be introduced further in the report.  

From this idea, the components were created and each material thickness were adjusted to obtain 

the regulation values stated in section 5.3 above. The structures obtained are shown in Figure 

5.3.1.2. 

 

Figure 5.3.1.2  Building components created in DesignBuilder based on PUR 

insulation [13] 
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As seen in Figure 5.3.1.2, ground floor contains 40 mm of gypsum sand render as a layer that 

will be below the finishing layer of the ground floor, a 30 mm air gap which will be used for 

heating system purposes, a 20 mm hardwood layer to protect the insulation layer of 200 mm 

and the cast concrete layer that is linked to earth. This structure represent the floor of the 

basement.  

The ceiling, however, is also linked to the basement, and is composed of 100 mm PUR internal 

layer that is linked to the upper level of the building (main floor), in addition to 100 mm gypsum 

sand render layer that will be in direct contact with the basement. 

The external floor contains 20 mm ceramic flooring tiles as a finishing floor layer, it is the part 

just above the ground floor. 

In the main floor, the upper level of the building and the structure just above the ceiling of the 

basement, 20 mm ceramic tiles were used in the upper layer, along with 50 mm gypsum sand 

render just below and 50 mm PUR protected by 20 mm hardwood. 

Finally, the pitched unoccupied roof contains 25 mm clay tiles fixed on 5 mm roofing felt, and 

100 mm wooden batons above a 200 mm PUR, and the last layer is a 150 mm gypsum sand 

render, which will be in contact with the main floor. 

The U and R-values generated from this structures are shown in Table 5.3.1.2:  

 

Table 5.3.1.2 U and R-values of the building component in Figure 5.3.2.1 [13] 
 

U- value 

(W/m².K) 

R-value 

(m².K/W) 

pitched unoccupied roof 0.121 8.291 

ceiling 0.235 4.261 

ground floor 0.128 7.819 

external floor 3.39 0.295 

internal floor 0.393 2.543 

 

As it appears, the values of internal floor and ceiling do not respect the regulations shown in 

Figure 5.3.1, therefore other modifications should be done in order to lower their U-values. 

However, the external floor value is normal even though it has a high U-value, because this 

component is only the finishing layer of the ground floor and gives only the value of the 

ceramic/clay tiles so the U-value of the ground merged with external floor, using the formula 

in section 3.5 will be: Uext+ground = 1 / (0.295 +7.819) = 0.123 W/m².k, which is regulatory. 
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b) Addition of thin insulation layer: 

In order to fix this problem, a thin layer of cork was added 10 mm in all components except for 

the external floor component. The thin layer will be added just before the protection of 

insulation layer in the ceiling and ground floor, and just after the insulation layer in the roof and 

internal floor. For these modifications, the U and R-values generated are in Table 5.3.2.3 as 

follows: 

 

Table 5.3.1.3 U and R-values of the building component after thin layer of cork 

modification in Figure 5.3.2.1 [13] 
 

U- value 

(W/m².K) 

R-value 

(m².K/W) 

pitched unoccupied roof 0.117 8.556 

ceiling 0.16 6.237 

ground floor 0.121 8.241 

external floor 3.39 0.295 

Ground + external 0.117 8.536 

internal floor 0.218 4.579 

 

 

Before proceeding to the next modification, the ceiling and internal floor will also be treated 

as one structure as they are linked. Therefore, the combination internal floor and ceiling will 

give the following value which was obtained using the same formula in section 3.5:  

Uint+ceil = 1 / (4.579 + 6.237) = 0.092 W/m².k. All the values are now regulatory, however, the 

external floor layer should be changed as the one used had a low thermal conductivity (0.8 

W/m.K), and the system will need a material with high conductivity in order to conduct easily 

heat generated from the heated floor system. 

c) Change the external layer of the floor: 

In this part the layers of external and internal floor were changed to flooring wood blocks of 40 

mm with 1.5 W/m.K conductivity, which are commonly used for heated floors systems. [19]  

It gave the following values in Table 5.3.1.4: 
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Table 5.3.1.4 U and R-values after cork layer and change in external floor modification 

in Figure 5.3.2.1 [13] 

  U- value 

(W/m².K) 

R-value 

(W/m².K) 

pitched unoccupied roof 0.117 8.556 

ground floor 0.121 8.241 

external floor 1.799 0.556 

External + ground 0.113 8.797 

ceiling 0.16 6.237 

internal floor 0.207 4.84 

Ceiling + internal 0.09 11.077 

 

According to these values, the thermal regulations are met but other modifications should be 

performed in order to ensure an optimal heating design where heat losses are, will be minimized. 

 

 

Figure 5.3.1.2  Heating design with the modifications in internal and external 

floors [13] 
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As seen in Figure 5.3.1.2, there are some losses in the ground floors, ceilings, and negligible 

losses in roofs, although they should be minimized except the internal floors that actually gain 

heat by 0.08 kW. 

d) Detecting losses and modifying the structure: 

After obtaining the results of the heating design, the building components should again be 

modified to have an efficient system in terms of heat losses.  

The modifications that were done for each component except the external and internal floors 

are: 

For the ground floor: 40 mm gypsum layer, 40 mm air gap, 60 mm gypsum, 20 mm cork board, 

200 mm PUR, 200 mm hardwood, and 200 mm cast concrete. 

For the pitched roof: 40 mm clay tile, 20 mm roofing felt, 200 mm wooden batons, 200 mm of 

PUR enveloped by two 10 mm cork layers, and 150 mm gypsum. 

For the ceiling: 50 mm gypsum, 50 mm hardwood, 250 mm PUR, 20 mm air gap, 50 mm 

hardwood, and 50 mm gypsum.  

These modifications allowed to obtain the values in Table 5.3.1.5, as follows:  

 

Table 5.3.1.5 Final modifications of ground floor, pitched roof, and ceiling components 

[13] 

  U- 

value 

R-

value 

pitched unoccupied roof 0.104 9.654 

ground floor 0.105 9.541 

external floor 1.799 0.556 

Ground + External 0.099 10.097 

Ceiling 0.099 10.072 

internal floor 0.207 4.84 

Ceiling + Internal 0.067 14.912 

 

These results represent the smallest U-values that were obtained through the work performed 

previously, as for the heat losses, Figure 5.3.1.3 shows the heating design of final building 

component structures that were optimized with the modifications done. 
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Figure 5.3.1.3  Heating design of the final structure with optimized heat losses [13] 

Ceilings heat losses decreased from -0.22 to -0.16 kW, and from -0.06 to -0.05 for ground floors, 

which are considered to be good values as compared to conventional parameters that will be 

shown in section 6. 

3) Final flooring, ceiling, roof structure: 

As final results, the work performed, in terms of structures creation, modifications, and 

comparison of U and R-values, allowed to obtain the final building components structure shown 

in Figure 5.3.1.4. 

Some remarks that are to be taken into consideration are that for the air gap located in ground 

floors will be used for the heated floor system that will be introduced in section 7, also, the 

optimization of U-values was done through modifying the thicknesses and adding thin layers of 

insulation, and also the analysis done on roofs is mandatory as it will also be used for the heating 

system. The choice of upper layers of ground and internal floors are due to the high thermal 

conductivity values assessed to them which will allow to conduct easily heat in the heated floor 

system.  
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Figure 5.3.1.4  Final building components structures [13] 

 

 

5.3.2 Final structures:  

Before suggesting the final structures, it is important to restate some requirements for the final 

flooring system. In section 4.1., three categories of flooring frames were discussed and the best 

one that suits the need of these flooring structures is one of the timber floor frames in sections 

4.1.1.1, 4.1.1.2, and 4.1.1.3. The reason behind this choice is because our flooring system will 

require a timber flooring layer that will be composed wood blocks, and also due to the 

suspension in the structure of the frame that will allow to not only add layers of constructions 

and insulation (Figure 5.3.1.4), but also make an adequate space and structure for the heating 

system . 
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The construction of the building, construction and insulation materials wise, will resemble the 

one in Figure 5.3.2.1 below.    

 
Figure 5.3.2.1 Components building structures laid out in building form 

Lastly, the choice of insulation material remains risky as polyurethane is moderately flammable 

and can cause eventual fires [17], however, the protection layers put in the extremities of the 

layer would avoid such a problem. 
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6. Simulation and Efficiency Analysis:  

The simulation and efficiency analysis was done using DesignBuilder. It outputs the required 

heat generation, electricity, and lighting (in kW) of the building chosen for simulation. As a 

matter of fact, each project template needs inputs that are about the construction layers of each 

building component as shown in the previous section. So to simulate the building related to this 

project, some options modification were taken into consideration such as:  

- Longitude, latitude, altitude, dry temperature, and wet temperature values: 

These values were plugged in DesignBuilder in the simulation options panel and were retrieved 

from APPENDIX D. In this same appendix, the values highlighted in yellow represent the 

regions that are interesting for this project, and the Midelt region will be chosen for the values 

as the proximity of the building is optimal when this region is selected. 

- Period chosen for the simulation: 

This modification is also important as it takes into consideration the day and month chosen for 

simulation. DesignBuilder has its database of meteorological data that is already used in the 

simulations. For the case of this project, all the simulations were generated for a winter day 

which is the 13th of January.  

After plugging these values, the site data information in Figure 6.1 below are generated, and 

they form a basis for the simulation on the building. 

 

 
 

Figure 6.1 Weather data generated as a basis for simulation based on the region chosen 

[13] 
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6.1. Normal Parameters:  

Normal parameters were taken as a reference template (Figure 6.1.1) that is uninsulated in order 

to have an idea about the heat losses that occur in a building. This template has been applied to 

the building developed in this project and gives the heating design shown in Figure 6.1.2, and 

was subjected to a simulation based on the parameters stated in section 6. The simulation is 

shown in Figure 6.1.3. 

 
Figure 6.1.1 Uninsulated template [13] 

 
Figure 6.1.2 Heating design for normal parameters [13] 
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Figure 6.1.3 Simulation of normal parameters on a winter day [13] 

 

From Figure 6.1.3, the interest is aimed to the heat generation (from gas) row, which shows 

the heat generation through each hour of the day chosen for simulation, and the total, meaning 

per day, is as follows: 

0.10+10.21+10.04+7.80+7.76+7.76+7.76+7.76+7.76+7.76+7.76+7.76+7.87+8.93= 

107 kW/day.  

Note that this value is the value that is required to overcome the heat losses per day. So it is 

normal to have this value in this first template, as the construction materials in this template 

easily facilitate the infiltrations which huge heat losses. 

 

6.2. Conventional Insulation:  

For the conventional parameters, a normal insulation template (Figure 6.2.1) was selected from 

DesignBuilder based on moderate insulation. The results of heating design and simulation are 

shown in Figure 6.2.2 and 6.2.3. 
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Figure 6.2.1 Conventional insulation template [13] 

 

 
Figure 6.2.2 Heating design of a moderate insulation template [13] 
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Figure 6.2.3 Simulation of conventional insulation template on a winter day [13] 

 

From Figure 6.2.3, the total heat generation (from gas) per day for the conventional insulation 

strategy, which give a value of: 

3.40+2.50+2.27+2.17+1.78+1.41+1.28+1.26+1.26+1.26+1.26+1.26+1.27+1.31+1.35 =  

25.04 kW/day. 

 

6.3. Optimal insulation:   

Optimal insulation is based on the final structures developed in section 5.3.2, which were 

plugged in their respective components in the template (Figure 6.3.1), as for the heating design 

and simulation, they are shown in Figure 5.3.1.3, and 6.3.2 respectively. 



41 
 

 
Figure 6.3.1 Optimal insulation template [13] 

 

 
Figure 6.3.2 Simulation of optimal insulation template on a winter day [13] 

For the optimal insulation strategy the total heat generation (from gas) is: 

2.42+2.17+1.59+1.20+0.96+0.76+0.57+0.43+0.34+0.31+0.33+0.28+0.33+0.43 =  

12.12 kW/day. 
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6.4. Comparison: 

 

For this sub-section a comparison table (Table 6.4.1) was drawn as follows: 

 

Table 6.4.1 Comparison between the three template in terms of infiltration and heat 

generation 

 Normal parameters Conventional 

insulation 

Optimal insulation 

Model infiltration 

(ac/h) 

1.0 0.3 0.7 

Total heat 

generation required 

(kW/day) 

107 25.04 12.12 

 

 

From the table above, it seems that the optimal insulation strategy is the best in terms of energy 

efficiency. As a matter of fact, only a value of 12.12 kW/day (of gas), compared to 107 kW/day, 

will be required to overcome the heat losses of this template (Figure 6.3.1) and this excluding 

the efficiency of other components that weren’t taken into consideration in this project such as 

walls and partitions which too participate in heat losses. The model infiltration row gives an 

idea about the amount of air that infiltrates through the building (in air changes per hour (ac/h)) 

and is automatically selected in DesignBuilder depending on the project template chosen. 

Even though a small infiltration (0.3ac/h) is selected in the conventional strategy, the heat 

generation required is still bigger (25.04 kW/day) than the optimal strategy. Therefore, the 

optimal insulation strategy developed as a final building structure is still to be taken into 

consideration further in the report. 
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7. Heating system: 
 

From the previous section, a value of 12.12 kW/day of required heat generation by gas was 

obtained from the optimal insulation strategy developed. However, this value should be 

minimized in order to have an efficient building in terms of energy and efficiency. Another 

thing to do is to change the heat generation by gas with another strategy that will use an 

ecological method rather than an emissive method such as gas heating. 

 

Knowing that the aim of this project is to develop a merged flooring and heating system, the 

most practical idea would be to design a heated floor system based on the structures discussed 

in previous sections.  

 

To introduce the heated floor system, it is important to state that it will be based on a solar water 

heater that will generate heat from its piping system located under the floor finish. This system 

will be efficient and more than this, ecological, as it is fully CO2 emissions avoiding.  

As seen in Table 7.1, the annual CO2 emissions that have been avoided in 2011 in Morocco is 

equivalent to 71608.8 tCO2/year which is, compared to the CO2 emissions in Figure 2.1.1 (a 

value of 55000 tCO2 in 2011 [1]), more than the double. However, the CO2 emissions avoided 

value also represents an energy savings of 23869.6 tons of oil equivalent per year (toe/y) which 

represents 1.515 % of the savings of the south east Mediterranean countries studied in the table. 

[21] 

 

Table 7.1 Energy savings and avoided CO2 emissions in different countries [21] 
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7.1. Specifications:  

 

To develop an efficient heated floor system, the source of energy should also be chosen 

efficiently. For this, a precise type of solar water heater (SWH) would be judicious to design 

the heating system conveniently. 

 

7.1.1. Type of solar water heater:  

 

We differentiate between two types of solar water heaters, flat plate collector (FPC) and 

evacuated tube collector (ETC).  

FPC’s are of metallic type, perform well with anti-freeze solution at subzero temperature, are 

expensive, and have longer life, however, ETC’s are made of glass, are fragile in nature, and 

are cheaper than FPC’s [23]. They are composed of the components shown in Figure 7.1.1.1. 

Two modes are used for the two types of SWH’s: Thermosyphon which is about a natural flow 

that doesn’t use a pump to control the water flow and is less costly. The other mode is forced 

circulation which is flexible in terms of where to be installed, and is regulated by a pump [21]. 

 

 
 

Figure 7.1.1.1 Flat-plate and Evacuated-tube collector schematics [21] 
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To address the need of this system, the choice of collector should be done evaluating the 

properties of each one of them and the two respective modes. In fact, the type of collect that 

suits the best the building studied is the FPC because it has a stronger structure that can resist 

the cold weather in Ifrane region, and uses an anti-freeze solution at subzero temperature [23]. 

The mode that will be used is forced circulation as the system will need to be controlled to avoid 

overheating the floor. However, according to a study performed for the use of solar heating 

technologies using multi criteria analysis, the decision of SWH in the region of Ifrane showed 

that FPC is the best one to use in the Ifrane zone [22]. 

Figure 7.1.1.2 below gives a general idea about the forced circulation mode that will be used 

in the design of the heated floor system. 

  
Figure 7.1.1.2 Forced circulation scheme with the components [21] 

 

7.1.2 Components: 

 

After choosing the type of collector and the respective mode, the size of collector should be 

analyzed. For a family of 3-4 members, which is the case of this building, 100 liters per day 

(LPD) solar water heater is needed [23]. However, a value of 150 LPD will be required as 

modifications of the tubes will be done as the activities related to the SWH will also include 

heating the floor, which will delay the flow. The components of the FPC are as follows: 

 

- Collector: The solar collector should be chosen based on the capacity of LPD. In fact, 

for a 150 LPD usage, a 3 m² collector is needed, as seen in Table 7.1.2.1.  
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Table 7.1.2.1 Dimensions of the FPC based on the capacity of storage [24] 

 
 

- Storage tank:  

The storage tank will be a 150 liter water tank within which there is a heat exchanger that will 

work as a temperature changer of the water inside. It will also be linked to a boiler will be in 

the supply sub-loop of the heating floor component, mainly the pipes laid out in the sub-floor 

surface.  [26] 

- Pump:  

Pumps will be used to pump the cold water towards the solar collector, and then be transformed 

to hot water by the heat exchanger at a temperature of 60 to 80 °C. [26] 

- Controller:  

Controllers are used to control the flow of water temperature wise, as shown in Figure 7.1.2.2. 

- Valve:  

Will be used to regulate the flow of water through the pipes. 

- Pipes: 

PEX plumbing pipes will be used for water flow, the diameter required for this type of heating 

system is 2 cm, the thermal conductivity of these pipes is  0.35 W/m.k, and the pipe spacing is 

20 cm between each pipe [28]. 

 

 
Figure 7.1.2.1 PEX pipes used for solar water heating [27] 

However, to illustrate how a normal FPC works for domestic hot water usage, see Figure 

7.1.2.2.  
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Figure 7.1.2.2 Process of heating [25] 

Cold water is pumped to the collector which transfers it to the collector preheated tubes, the 

preheated water goes then to the heat exchanger by a forced circulation and get distributed to 

the outlets of domestic usage. 

7.2. Design:  

 

Heated floors are low temperature radiant system composed of hot water pipes embedded in the 

construction, the maximum floor temperature heated by this system in occupied areas should 

be around 29°C. The boiler component which is linked to the heat exchanger operates according 

to the graph shown Figure 7.2.1. 

 

 
Figure 7.2.1 Condensing boiler application graph [30] 
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From the figure above, low return water temperature mean high efficiency, this efficiency is 

kept if the flow temperature is around 40 to 50°C. [30] 

 

However, knowing that the flooring system uses wood flooring blocks, an increase in flow 

temperature should be considered and the insulation layer should be below the heating tubes. 

 

For the type of flow, we use a hot water loop in Figure 7.2.2, with a constant flow as generally 

used for heated floors [29], keeping in mind that hot water should be provided through a separate 

system from the cold water inlet. 

 

 
Figure 7.2.2 Hot water loop developed in DesignBuilder [13] 
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Figure 7.2.3 Constant flow heated floor [30] 

As shown in Figure 7.2.3, constant flow heated floor works with variable rate temperature to 

each zone via local mixing valve and pump. The temperature is controlled by a sensor after each 

local pump to check if local loop recirculation is possible, which results in bypassing local loop 

by the main loop if recirculation temperature is sufficient. [30] 

 

 

 
Figure 7.2.4 Set point manager controller graph [30] 

 

The controller parameters are set to 60°C water heating temperature for outdoor low 

temperature (-3°C), and 30°C for an outdoor temperature of 21°C. Noting that 21°C and -3°C 

are both approximation of high and low temperature in Ifrane (or Midelt) region. 

Controller parameter are explained through Figure 7.2.4 where it is described that flow 

temperature decreases as the outside air temperature increases, and when one minimum flow 

temperature set point is reached, the system switches off which is considered to be practical in 

summer period. 

 

Lastly, the required length of tubes that would be required are based on a an optimal predictive 

control strategy for radiant floor district heating systems [31], which is a study using the same 
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radiant system seen in Figure 7.2.5, that use a 2 cm tubes with 20 cm spacing between each 

tube, similarly to the requirements of this system. 

 
Figure 7.2.5 Tube alignment of an optimal predictive control strategy [31] 

The alignment of the building in question in this project will be only in the basement floor for 

cost efficiency reasons and will be based on the values shown in Figure 7.2.6 below: 

 
Figure 7.2.6 Tube alignment in the basement floor where each zone contains the value of 

its area in m²/the tube length required [13] 
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7.3 Resolving for heat losses: 

 

As obtained in section 6.3, the heat generation requirement are about 12.12 kW/day in average 

using gas in order to achieve an ambient temperature of 23°C inside the house. 

Using the equation in section 3.1.3,  𝑃ℎ =  𝑘 
𝐴

𝐿
  ∆𝑇 , while considering the data:  

Tinitial = 60°C = 333.15 K (tube temperature), Tfinal = 25°C = 298.15 K (external floor layer 

temperature), L = 40 mm + 40 mm + 20 mm + 10 mm = 110 mm = 0.110 m (the thickness of 

the surface of heat transfer from the tube to the external floor layer), and A = 67.64 m² (the area 

of utilized basement floor). See the scheme below: 

 

 

 

 

 

 

 

 

However to find a proper heating solution, the process of finding the power is described as 

follows: 

 

 

 

Figure 7.3.1 Components of heat transfer used to transfer heat from the extremity of 

PEX tubes to the external floor layer [39] 

 

 

 

 

40 mm Timber floor: k = 1.5 W/m.K 

40 mm Gypsum sand render: k = 0.8 W/m.K 

40 mm Air gap: k = 0.0262 W/m.K 
20 mm PEX tubes  

k = 0.038 W/m.K  
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The overall thermal resistance can be calculated as follows [39]:  

R = R1 + R2 + R3 = L1/k1.A1 + L2/k2.A2 + L3/k3.A3               (A1 = A2 = A3 = A) 

AR1 = 0.01/ 0.0262 = 0.38 m².k/W 

AR2 = 0.04/ 0.8 = 0.05 m².k/W 

AR3 = 0.04/ 1.5 = 0.0267 m².k/W 

AR = AR1 + AR2 + AR3 = 0.4567 m².k/W 

This value obtained, the next step is to calculate the heat transfer per unit area rate: [39] 

�̇� =  
𝑇𝑖𝑛𝑖𝑡𝑖𝑎𝑙 − 𝑇𝑓𝑖𝑛𝑎𝑙

𝐴 𝑅
=  

333.15 − 298.15

0.4567
= 83.21 𝑊/𝑚² 

To find the power:  

P = �̇� * A = 83.21 * 67.64 = 5.63 kW. 

 

So to heat the room at a temperature of 23°C, the final temperature was chosen to be 25°C, 

which will use 5.63 kW per day. This value not only covers the 12.12 kW heat generation 

requirement per day of gas, but also is found to be more efficient as it will be used, in case of 

inactivity of the solar water heater, by a backup electric system. This will also resolve for heat 

losses that were diagnosed in the optimal insulation structure. 
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8. Price Estimation of the materials:  

 

8.1 Flooring system material: 

 

The Table below gives an idea about the cost estimated for the construction of the building 

taking into consideration the structures developed in section 5 with their respective materials 

and thicknesses used. 

 

Table 8.1.1 Cost estimated for the building with the materials used [32] 

Building 

components 

materials  

# of 

Units 

Thickness 

(in mm) 

Compo

nent 

constru

ction 

area (in 

m²) 

Cost Cost of 

installatio

n (ECI) 

Actual cost 

Ceiling   78.58    

Gypsum 

sand render 

2 50  47.76dhs/m² 

(10 mm 

thickness) 

61,45 37529.808 

Hardwood 2 50  4.852,78 

dhs/m3 = 

242.639dhs/

m² for 50mm 

thinkness 

6.109,86 38133.145 

PUR 1 250  105.05 

dhs/m² for 80 

mm thick = 

329.68 

dhs/m² for 

250 mm 

237,67 

 

25906.84 

External 

Floor 

  67.64    

Flooring 

blocks 

(Timber 

flooring) 

1 40  252,86 

dhs/m² pour 

25mm thick 

= 

404.576dhs/

m² for 40mm 

 

321,08 27365.52 

Ground 

Floor 

  67.64    

Gypsum 

sand render 

2 40,60  47.76dhs/m² 

(10 mm 

thickness) 

61,45 12921.94 + 

19382.918 
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Cork board 1 20  60,07dhs/m² 147,65 4063.13 

PUR 1 200  105.05 

dhs/m² 

=262.62 

dhs/m² for 

200 mm 

237,67 

 

17763.955 

Hardwood 1 200  4.852,78 

dhs/m3 = 

970.556 

dhs/m² for 

200mm thick 

6.109,86 65648.40 

Cast 

Concrete  

1 200  - -  

Internal 

Floor 

  53.59    

Flooring 

blocks 

(Timber 

flooring) 

1 40  252,86 

dhs/m² pour 

25mm thick 

= 

404.576dhs/

m² for 40mm 

 

321,08 21681.22 

Gypsum 

sand render 

1 50  47.76dhs/m² 

(10 mm 

thickness) 

61,45 12797.292 

Cork board 1 10  30 dhs/m² 147,65 1607.7 

PUR 1 100  105.05 

dhs/m²  for 

80 mm thick 

=131.3125 

dhs/m² for 

100 mm 

237,67 

 

7037.03 

Hardwood 1 20  4.852,78 

dhs/m3 = 

97.0556 

dhs/m² for 20 

mm thick 

6.109,86 5201.20 

Pitched 

Roof 

  43.45    

Clay tile 1 40  48,30dhs/m²(

10units) 

125 2098.635 

Roofing felt 1 20  46,97dhs/ m² 

for 80mm 

thick = 11.74 

dhs/m² for 

20mm 

 510.21 
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Wooden 

Batons 

1 200  4.852,78 

dhs/m3 = 

970.556 

dhs/m² for 

200mm 

thickness 

6.109,86 42170.65 

Cork board 2 10  30 dhs/m² 147,65 2607 

PUR 1 200  105.05 

dhs/m² for 80 

mm thick = 

262.62 

dhs/m² for 

200 mm 

237,67 

 

11410.839 

Gypsum 

sand render 

1 150  47.76dhs/m² 

(10 mm 

thickness) 

61,45 31127.58 

TOTAL      26846.03 386965.012 

 

Therefor the total estimated cost of the flooring system construction (TECF) including the 

estimated cost of installation (ECI) is:  

TECF = ECI + Cost of material/component area = 26846.03 + 386965.012 = 413811.04 

MAD 

 

8.2 Heating system: 

 

For the heating system, the average cost of a 2 m² solar water heater in morocco is estimated to 

be 1060 USD [21], which is equivalent to 9738.75 MAD as seen in Figure 8.2.1. 

 

 
Figure 8.2.1 Average cost of solar water heater in south east Mediterranean countries 

[21] 
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However, the price of a flat plate with a vitrified steel storage tank, with 2 magnesium anodes, 

primary circuit safety valve (3bar), secondary circuit safety valve (6bar), fastening system, 

antifreeze glycol protection, Hydraulic connection kit in corrugated stainless steel with thermal 

insulation, and assembly kit is estimated at 11350 MAD. [33] 

For the forced circulation system, the additional items used are as follows: 

-PEX tubes: (289.35m) = 3 roll of ¾” diameter (100m length) at 771.75*3rolls MAD = 

2.315.25 MAD. [34] 

-Mid-Size Boiler: 2747.06 MAD. [35] 

-Set point Temperature Control DST-777D: 1460.81 MAD. [36] 

-Cast iron circulators: 3022.69 MAD. [37] 

-¾” Heat exchanger: 3665.81 MAD. [38] 

These prices have been converted to MAD, their original prices are in USD and don’t include 

shipping cost. 

Then the total estimated cost of the heating system (TECH) excluding installation cost would 

be: 

 

TECH = 11350+2315.25+2747.06+1460.81+3022.69+3665.81= 24561.62 MAD. 

 

8.3 Final cost:  
 

The total final cost (TFC) is the sum of the cost of both systems which results in:  

 

TFC = TECF + TECH = 413811.04 + 24561.62 = 438372.66 MAD 
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9. Conclusion:  

This project aimed to find an energy efficient solution for a flooring system that would be 

assisted by a heated floor system which reduced the remaining heat losses. Through the analysis 

many structures were analyzed using DesignBuilder, and each of the components building, 

mainly pitched roof, internal floor, ceiling, external floor, and ground floor had been modified 

in terms of materials in order to find the best efficient solution that would overcome the heat 

losses of an uninsulated or conventionally insulated domestic building. A big difference 

between the heat generation required by an uninsulated building and the optimal strategy 

proposed was observed, which was about an 88.67% economy of energy for heat generation 

required (from 107 kW/day to 12.12kW/day heat generation by gas). The value obtained by the 

optimal strategy was also studied for an eventual heated floor system that works with a flat plate 

solar water heater with forced circulation, which can assist the flooring system to minimize the 

required heat generations per day and create an efficient system with no heat losses. 

However, as future work, an optimization model based on solar pattern shown in Appendix F, 

would be recommended for analysis as a way to place the solar water heater in the best possible 

location in the roof to collect solar irradiations conveniently. In addition, a simulation analysis 

would be preferable in DesignBuilder containing the flooring system suggested with an 

additional HVAC system (heating, ventilation, and air conditioning) that would use an FPC 

with forced circulation to heat floors. Finally, the cooling design of the building, using solar 

energy, would also be useful to render the building efficient as possible, with suggesting the 

photovoltaic panels.  
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