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RÉSUMÉ 

 

Ce Project vise à comparer l'effet de différents systèmes de vitrage sur la consommation 

énergétique des bâtiments. La performance thermique des systèmes de vitrage et des 

fenêtres est liée à la transmission thermique. Pour étudier l'effet de l'épaisseur, du nombre 

de vitres et des gazs utilisés sur la transmission thermique d'un système de vitrage et choisir 

les meilleures alternatives pour une maison à Ifrane, une simulation a été effectuée en 

utilisant le logiciel WINDOW 7.7.  Les systèmes de vitrage proposés pour l'étude sont : le   

verre clair, le double vitrage rempli d'air, le double vitrage rempli d'Argon, le double 

vitrage rempli de Krypton et le système de fenêtrage à triple vitrage. L'effet de ces scénarios 

sur la consommation énergétique de chauffage et de refroidissement des bâtiments ainsi 

que l'effet de l'ombrage et le pourcentage de fenêtres, ont été prédits à l'aide du logiciel de 

simulation TRNSYS. D'après les résultats, le système de double vitrage rempli d'Argon 

s'est avéré être le meilleur système de fenêtrage pour la région d'Ifrane, a la faveur d’une 

conservation énergétique annuelle de 22,43%, un coût raisonnable, et des valeurs 

thermiques acceptées par les réglementations thermiques marocaine pour la construction. 

En outre, les ombrages extérieurs et les grandes surfaces de fenêtres ont entraîné une 

augmentation des besoins thermiques annuels et donc une diminution de son efficacité 

énergétique. Les ombrages extérieurs ont donc un effet négatif sur l’efficacité énergétique 

dans les régions froides. 

 

Mots-clés : Transfert de chaleur, efficacité énergétique, double vitrage, rayonnement, 

bâtiments écologiques.  
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ABSTRACT  

 

 

This research is aimed at comparing the effect of different glazing systems on the energy 

consumption of buildings. The thermal performance of glazing systems and windows is 

related to the thermal transmittance. To study the effect of thickness, number of panes and 

gas fills used on thermal transmittance of a glazing system and choosing the best 

alternatives for a house in Ifrane a simulation using WINDOW 7.7 software was carried 

out. The glazing systems proposed for study are single clear glass, double glazing air-filled, 

double glazing Argon filled, double glazing Krypton filled and triple glazing fenestration 

system. The effect of each of these scenarios on the heating and cooling energy consumption 

of buildings as well as the effect of shading and window percentage were predicted using 

the simulation software TRNSYS. From the results, Argon filled double glazing system, 

proved to be the best fenestration system for the region of Ifrane with a yearly energy saving 

of 22.43%, a reasonable cost and its thermal values are accepted by the Moroccan thermal 

regulations for construction. Furthermore, external shadings and large window areas 

resulted in increasing the yearly thermal needs of the house and thus decreasing its energy 

efficiency.  

 

Keywords:  Heat transfer, energy efficiency, double glazing, radiation, green buildings 
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1. Introduction: 

1.1. Problem statement:   

 During winter periods, people in the region of Ifrane often encounter the issue of heating. The 

costs of heating can be very expensive, not to mention the harm it causes to the environment, as 

burning materials such as wood to achieve a certain thermal comfort in houses cause greenhouse 

gases emissions which is not only harmful to the environment but also affects residents health 

and cause long term diseases. Besides most houses in the region of Ifrane disregard the 

importance of appropriate glazing systems which results in huge heat loss and consequently high 

heating bills.  

Morocco is actively working to decrease its reliance on fossil fuel imports and shift from fossil 

fuel reliance towards green and clean energy sources and reduce its carbon footprint, moreover, 

the country is trying to achieve high energy efficiency in all domains. The construction field is 

responsible for 18 % of the total energy consumption in Morocco, and 23% of the total energy 

consumption in the world. The high energy consumption of the residential sector in Morocco is 

explained by the harsh climate of some parts of the country, which raises the need for artificial 

heating and cooling. Thermal regulations were implemented by the Moroccan government as a 

step to include insulation systems in Moroccan buildings according to each climatic zone. 

Morocco is setting ambitious plans to achieve a reduction of 12% to 15% in 2020 through the 

increasing energy efficiency of the multiple sectors in the kingdom with the construction realm 

reaching 25% of the total energy use in the country [2][14]. 
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1.2. Methodology  

 

To carry out this study and reach the desired aims, a steeple analysis will be performed to 

understand the impact of this project on the social, technological, economic, environmental, 

legal, ethical and political aspects. Later a literature review will provide the substantial 

theoretical context required for the analysis and simulations. It will contain the methods by 

which heat transfer occurs within the building envelop, optical properties of glass and the static 

glazing technologies used to improve the thermal performance of windows. Thermal regulations 

of construction in Morocco will be studied to find out the thermal properties of Ifrane region 

and its climate zone.  A heat loss analysis and several thermal needs simulations of the of a 

sample house in the region of Ifrane using different glazing scenarios along with a financial 

study will serve to choose the best glazing system in terms of thermal performance and cost-

effectiveness. 

1.3. Project Description 

 

This project is focused on increasing the energy efficiency of a house in the region of Ifrane 

through improving and bettering the thermal insulation of the transparent part of the building 

envelop. One of the easiest yet omitted ways to do so is through using glass with enhanced 

thermal properties in windows and using appropriate types of glazing with a low thermal 

transmittance and high thermal resistance. The objectives of this project are: 

● Improving the thermal performance of the house only by enhancing its optical 

properties.  

● Reducing the need for artificial heating, cooling and lighting of the sample house 

and maximizing daylight use.  

● Achieving a thermal efficiency and effectiveness of the windows in the house.   
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2. Steeple Analysis  
 

Before the realization of the project, its impact on its external environment should be studied. 

This will be done through the STEEPLE analysis that deals with seven aspects affecting the 

project’s macro-environment. Socio-Cultural, technological, ethical, environmental, political, 

legal and economic.  

2.1.1. Socio-cultural aspect 

 

Proposing innovative methods to improve the energy efficiency of houses, and reduce their 

energy expenditure on heating, cooling, and artificial lighting would ameliorate the living 

conditions of Ifrane dwellers by providing efficient and cost-effective methods to achieve a 

thermal comfort. The social impact is not limited to that as it would as well improve the condition 

of many a child who is forced to quit school in order to afford the heating feedstock (wood). This 

project’s, social impact can be extended to promoting the idea of the importance of insulation 

materials to reach energy efficiency and meet the comfort needs of residents without exposing 

them to the dangerous emissions caused by excessive use of traditional heating means and 

making Ifrane a green city with minimum hazardous emissions.  

2.1.2. Technological aspect  

The technological aspect of this project is manifested in the various glass-related innovations that 

would be studied and tested using the simulation softwares “WINDOW 7.7” and “TRNSYS”. 

This project will propose efficient and economically reasonable alternative technologies and 

innovations to replace the single glazed traditionally used glass. 
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2.1.3. Economic aspect  

 

This project aims at reducing the energy bill of the residents of the sample house on a small scale 

and reducing Morocco’s dependency on fossil fuels on a large scale. It has a positive effect on 

Morocco’s economic growth and development in general. The study shows that the project is 

profitable in the long term. Moreover, job opportunities in green building construction can be 

created if other inhabitants of Ifrane get inspired and adopt the same insulation techniques.  

2.1.4. Environmental aspect  

 

The environmental aspect is aimed at assessing if the project has a positive or negative impact 

on the environment. This project is an environmentally friendly way to increase the heating and 

cooling efficiency, which will imply a reduction of traditional heating methods to reach a thermal 

comfort, in Ifrane’s case firewood is mainly used. Implementing this project on a large scale will 

not only save the surrounding forests from excessive firewood cutting but also cause a significant 

reduction of greenhouse gases emissions. 

2.1.5. Political aspect  

 

The Political implications of this project are manifested in the fact that it is aligned with the 

Moroccan government’s plan to decrease the dependency of fossil fuels and move towards green 

energies. Morocco is promoting and encouraging the rational use of energy and improving energy 

efficiency in the kingdom. This project is as well aligned with Law 47-09 that prompts the 

increase of energy efficiency to avoid wasting electricity and achieve a mitigation of the national 

expense in energy generation.  
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2.1.6. Legal aspect 

 

This project obeys the thermal construction regulations of Morocco that were published by the 

Moroccan ministry of energy and building laws in general, moreover, it respects the safety rules 

and regulations. 

2.1.7. Ethical aspect 

 

Ethics refers to the moral values guiding the conduct of an operation or the behavior of 

individuals. The most ethical act is the protection of the environment and improvement of social 

and economic life, which are the main goals of this project. Besides environmental responsibility, 

this work is an original work and all used resources were cited under the references section.   

3. LITERATURE REVIEW 

3.1. Background:  

 

Glass is a versatile material that has been used for so long and for a variety of applications due 

to its attractive properties such as transparency, chemical stability, sustainability, availability and 

low cost and the fact that it is recyclable and environmentally friendly. Glass’s thermal 

conductivity and thermal resistance values encouraged modern engineers and architects to rely 

on it in the construction realm to benefit the most from daylight without increasing thermal needs. 

The right use of glass in the building sector lowers the energy consumption for heating, cooling, 

lighting, aeration and enhances resident’s satisfaction and comfort. The ultimate goal of a 

residential building is to accommodate residents and provide them with a comfortable living 

atmosphere and adequate thermal comfort without excessive use of energy. That's why “Green 

buildings” use insulation materials to trap the heat and thus reduce the energy required for 

heating. Most of the buildings constructed in the region of Ifrane rely eminently on fossil fuels 

for heating, even though they are well insulated, this is due to the fact that the transparent part of 
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the building envelope is generally ignored, in this case, most of the heat flows through the 

windows and the well-insulated walls and ceilings become useless. Windows and glass walls are 

the are more susceptible to develop thermal bridges and cause significant thermal losses. Glass 

thermal insulation is a critical parameter for buildings in cold areas, depending on the window-

to-wall ratio the thermal losses through windows can reach 25% of the heat of the residential 

house [1].   

3.2. Thermal Regulations of construction in Morocco   

 Morocco is moving toward rational use of energy and mitigation of power consumption through 

improving energy efficiency. The ADEREE (Agence Nationale pour le Développement des 

Energies Renouvelables et de l’Efficacité Energétique) started in collaboration with the GEF-

UNDP and GIZ a new efficiency-focused program in the building realm with the aim to increase 

energy efficiency in buildings and lower their consumption along with preserving comfortable 

living conditions. The program's objective are to achieve an energy saving of 1.2 Mtoe per year 

by 2020, besides decreasing the greenhouse gas emission to 4,5 MTECO2. This program is an 

energy efficiency code in residential and nonresidential buildings focusing mainly on regulation 

related to the use of isolation in buildings [2]. 

3.2.1.The Aim of thermal regulations of construction in 

Morocco 

 Thermal regulations for construction are aiming at increasing the efficiency and decrease energy 

losses in the building envelope through:  

● Lowering the heating, cooling and air conditioning loads needed in the buildings 

● Make non-air-conditioned buildings more comfortable 
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● Diminishing energy consumed for heating and cooling. 

● Encouraging and promoting the use of enhanced and high-efficiency materials and 

designs in the building envelop. 

● Providing the needed tools for investors and project owners to improve the productivity 

of their projects. 

● Monitoring the realization of energy study of existing buildings. 

● Tracking the execution of energy studies in old buildings. 

3.2.2.Climate Zones in Morocco 

The ADEREE and DMN, (National directorate of meteorology), implemented a climate zoning 

of Morocco and managed to subdivide the Moroccan territory into homogeneous climate areas 

with the help of international specialists and data gathered from multiple weather stations for a 

period of 10 years. The map in figure 1 represents the 6 climatic zones that are as well represented 

and referenced by the cities in table 1 [2].  
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3.2.3.Window-related thermal regulations in Ifrane  

The thermal regulation of construction in Morocco states that Ifrane is located in zone 4. Table 

2 presents the values for percentage, thermal conductivity, and solar factor of windows that 

should be considered when constructing in this region. 

Table 2: Window-related thermal regulation of construction in Ifrane 

  Window percentage  U value of windows (W/m2.k) Solar Factor  

           ≤ 15 %  ≤ 3,30  NE  

Zone 4         16-25 %  ≤ 3,30  

North NE  

Other: ≤ 0,7  

          26-35 %  ≤ 2,60  

North: ≤ 0,7  

Other: ≤ 0,6  

        36-45 %  ≤ 1,90  

North: ≤ 0,6 

 Other: ≤ 0,5  

Figure 1: Map showing climate zones in Morocco 

Table 1: Cities representing climate 
zones in Morocco 
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3.3. Heat transfer in the building envelope 

 

According to the second law of thermodynamics, whenever there is a temperature difference 

between two systems heat transfer occurs with energy flowing from high temperatures to lower 

ones. Heat transfer can only happen in three modes, conduction, convection, and radiation. In the 

building's envelope heat transfer occurs everywhere and lowering the heat loss through the 

windows and glass facades is the main objective of this project.  

3.4. Types of heat transfer:  

3.5.1. Conduction 

 

Conduction refers to heat transfer occurring 

when two systems physically in contact have 

two different temperatures. As illustrated in 

figure 2, from a microscopic perspective, 

conduction is elucidated by the collision of 

molecules having different kinetic energies 

resulting in low kinetic energy particle gaining 

energy (Heat). Conduction is more important and significant in solid systems than liquids or gas 

because of this former’s cramped microstructure. Conduction is illustrated by Fourier's thermal 

law of conduction:                                

𝑄 = −𝐾 × 𝐴 ×
  𝑑𝑇   

𝑑𝑋
 

with K the thermal conductivity of the material studied, A the cross-sectional area of the latter 

that is perpendicular to the heat flow and (dT/dX) the temperature gradient. The minus sign serves 

as an indication that the heat is lost not gained. 

  𝐾   

𝑑𝑋
 is equal to U, the thermal conductance and thus we can express Fourier law as follow:  

Figure 2: Microscopic illustration of heat conduction 
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𝑄 = −𝑈 × 𝐴 × 𝛥𝑇 

3.5.3. Convection 

 

Convection occurs when the medium of heat transfer 

is fluid (liquid or gas), warmer fluid parts seems to 

be denser and thus move away from the heat source 

due to the phenomenon of buoyancy. This motion 

can be either natural or forced such as water pumps 

and heating radiators. [1] 

3.5.4. Radiation  

Radiation heat transfer is different from convection and conduction because it does not rely on a 

medium or matter to transfer heat. Through radiation, energy can be transmitted without any 

physical contact between the heat source and the receiver. Thermal radiation is a kind of 

electromagnetic wave that occurs with no medium and that can be seen as a control mass system 

where the matter remains constant. Heat transfer from a light bulb, the sun or any other source 

warmer than its environment is considered as infrared radiation. The effect of heat transfer 

through radiation on transparent parts of the building envelope can be expressed by the solar gain 

𝐐𝐒 [3] [4]. 

𝑄 = 𝐼 × 𝐴 × 𝛩  

where I is the radiation heat flow density, also known as the intensity of radiation in W/m2, A 

is the surface area exposed to the heat flow (m²), Θ is solar gain factor. Since we are interested 

mainly in the heat loss through windows and glass walls rather than the heat gain the net 

radiation heat loss of the glass material radiating heat to the cooler outside environment is 

illustrated in the following formula:  𝑞 = 𝜀 × 𝜎 × (𝑻𝒉𝟒 − 𝑻𝒄𝟒) × 𝑨 

Figure 3:  Illustration of heat transfer through convection 
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where Th; is the warmer body temperature in Kelvin 

Tc: is the colder environment temperature. 

A is the area of the glass window in m2 

ε is the emissivity.  

Enhancing the thermal performance of the transparent area of the building envelope is the best 

way to curtail the heat losses and maximize heat gains through the later. Windows are a major 

factor in the assessment of energy efficiency of buildings and they can be responsible about up 

to 45% of heat losses followed by infiltration and thermal bridges with 19% and 11% respectively 

outpassing opaque walls and roofs, and in order to understand them better, we need to understand 

their different optical and thermal parameters [5].  

3.6. Optical and Thermal parameters 

3.6.1. U-Value   

Also called the heat transfer coefficient, it assesses the efficacy of materials as insulators or 

thermal conductors between two different temperatures. The highest the U Value is the better the 

material as a conductor and the more heat is transmitted. Windows with high energy efficiency 

should have low U values to minimize energy losses and thus improve the building’s efficiency. 

Calculating the U value of materials can be done by experimentally or through computer-aided 

simulations. The overall U value of windows is calculated using U values of the center and edging 

of the glass window and the window frame using the following formula [6].  

𝑈𝑊𝑖𝑛𝑑𝑜𝑤 =
𝑈𝑐 𝐴𝑐 +  𝑈𝑒𝑑 𝐴𝑒𝑑 +  𝑈𝑓 𝐴𝑓

(𝐴𝑐 + 𝐴𝑒𝑑 + 𝐴𝑓)
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3.6.2. Solar Heat Gain Coefficient  

Also called G value, it is the second most important parameter in glass and glazing systems as it 

represents the transmission of energy via radiation, or in other words, the radiation harvested; 

either from the sun or from reflections from other objects; by the glazing system and transferred 

to the inside of the building via conduction, convection or by the emission of radiation in the 

infrared range. This coefficient is a decimal fraction between 0 and 1 with the highest value for 

high transparency materials. This Coefficient allows the assessment of the solar gains through 

the transparent part of the building envelope and controlling it is crucial to reduce the use of 

heating in cold areas [7][8]. 

3.6.3. Visible transmittance 

 

The fraction of the light spectrum that goes via the glazing and can be seen with a naked eye is 

called visible transmittance. Its value is represented by a percentage ranging between 10% and 

90% with the highest value for the least reflection and maximum daylight allowed. Maximizing 

daylight cause a decrease in the use of electricity for artificial lighting and heating, thus maximum 

visible transmittance values are sought [7][8]. 

3.7. Static Glazing Technologies  

The poor insulating properties of clear simple glass encouraged research in the field of multiple 

panes. Windows with multiple glass panes separated by air or another gas have shown better 

thermal properties such as considerably lower U value than simple glass along with preserving a 

high VT and SHGC values. Double glazed windows, for instance, are able to lower the energy 

use of building thanks to the air or gas-filled area playing the role of a thermal obstacle. Multi-

layer glazing systems outperform mono or double glazings in thermal efficiency and energy 
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consumption for triple-glazed windows, for example, is always less compared to double-glazing 

system regardless of the orientation, and the window percentage, however, the higher the number 

of panes is the heavier and thicker the window is, resulting in an increased installation and 

transportation cost and a decrease in the visible transmittance. Figure 4 shows how the visible 

light changes with an increasing number of panes [7][8][9].  

 

Figure 4:Effect of Multiple panes on heat gain and visible light transmittance 

3.8. Gas Files 

In order to minimize heat losses and maximize thermal performance, air space between glazings 

is sometimes substituted in well-sealed windows with denser, inert and non-toxic gas with a 

lower thermal conductivity such as Argon and Krypton. The fact that these gases are heavier 

reduce convective heat as well. Table 4 shows that krypton has better performance, however, it 

can be pricier, that is why a mixture of both gases can be used for cost-effectiveness [7] [11]. 
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4. Thermal properties of glazing systems: Analysis, simulation and 

results.    

In order to understand how the properties of multiple pane windows are affected by multiple 

variables, a simulation using the software WINDOW 7.7 was done to demonstrate how the space 

of the gape, nature of gas and numbers of panes affects the thermal properties of the windows. 

The Window software package allows the calculation of different thermal and optical values and 

properties such as U-value, G-value, visible transmittance, and the emissivity of the desired 

glazing system at the center of the window, thanks to its large window database.   

Table 3: Simulation results of different glazing systems 

Type 
Thickness 

mm  
Gas 

U value 

W/m2.k 

SHGC T vis 

Single clear 4 N/A 5.371 0.868 0.902 

Single clear 6 N/A 5.313 0.838 0.892 

Single clear 8 N/A 5.25 0.816 0.884 

Single Bronze 10 N/A 5.203 0.498 0.331 

Single Blue 10 N/A 5.203 0.537 0.516 

Single Green 10 N/A 5.203 0.49 0.64 

Double glass 14.00 Air 3.009 0.773 0.819 
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Double glass 16.00 Air 2.82 0.773 0.819 

Double glass 18 Air 2.62 0.774 0.819 

Double glass 14 Argon 2.76 0.774 0.819 

Double glass 16 Argon 2.606 0.774 0.819 

Double glass 24 Argon 1.4 0.774 0.819 

Double glass 14 Krypton 2.45 0.775 0.819 

Double glass 16 Krypton 2.38 0.775 0.819 

Double glass 24 Krypton 0.86 0.775 0.819 

Triple glass 24 Air 2.1 0.696 0.748 

Triple glass 30 Air 1.865 0.697 0.748 

Triple glass 36 Air 1.73 0.698 0.748 

Triple glass 24 Argon 1.87 0.697 0.748 

Triple glass 30 Argon 1.865 0.697 0.748 

Triple glass 36 Argon  1.59 0.699 0.748 

Triple glass 24 Krypton 1.606 0.699 0.748 
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Triple glass 30 Krypton 1.51 0.699 0.748 

Triple glass 36 Krypton 1.52 0.699 0.748 

 

Figure 5: Thickness effect on U value 

From Table 4 and the graph in figure 4 we can notice that the wider the gap between the panes 

is, the lower the U value gets and the least heat is lost through the glazing system, besides, visible 

transmittance remains almost constant regardless of the number of panes or the gas used to fill 

the gap and is only affected in case the color of the glass is changed. Clear glass will be 

considered for the rest of this study because our goal is not only minimizing heat loss through 

windows and eventually decreasing heating and cooling loads, but we seek to maximize 

daylighting and solar heat gains as well, thus we will omit all alternatives with low VT and 

SHGC. U value decreases with increasing the number of panes, however, in triple glazing it 

slightly affects the SHGC. Triple glazing system with gas-filled gaps are arduous and difficult in 

installation and maintenance, for this project we will opt for four following scenarios: 
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1. Reference: Clear glass, thickness= 4mm  

2. Case 1: Double glass air filled  (clear glass 4mm, air, clear glass 4mm), thickness= 14mm, 

u-value=3.009 W/m2.k , SHGC=0.773, TVis=0.819 

3. Case 2: Double glass Argon filled (clear glass 4mm, Argon, clear glass 4mm),thickness= 

24mm, u-value=1.4 W/m2.k , SHGC=0.773, TVis=0.819 

4. Case 3: Double Glass Krypton filled  (clear glass 4mm, Krypton, clear glass 4mm), 

thickness= 24mm, u-value=0.86 W/m2.k , SHGC=0.773, TVis=0.819 

5. Case 4: Triple glazing air filled (Clear glass 4mm, air ,clear glass 4mm, air ,clear glass 

4mm), thickness= 36mm, u-value=1.73 W/m2.k , SHGC=0.773, TVis=0.819 

5. PROJECT ANALYSIS 

The thermal loss analysis and simulation of heating and cooling loads needed will be carried out 

on a sample house located in zone 4 more specifically in the city of Ifrane characterized by its 

harsh and cold climate, because of its elevation (1,665 m) the city experience snow in winter. 

The 100 𝑚2 house contains one room, one living room, a kitchen and a bathroom it is South 

oriented, 15% window area with a 90-degree slope distributed as follow: two windows of 3.15   

area in both the living room and bedroom and two windows of 1.35  area in both of the kitchen 

and bathroom resulting in a total window area of 18 . To analyze the effect of window percentage 

on energy demand the same simulation will be done for the house with a window percentage of 

25% instead of 15%. Later on, the effect of shading on heating and cooling loads will be studied. 

According to the Moroccan thermal rules of construction, 25% and 15% window area require the 

respect of some rule such as a U value less or equal to 3,30 (W/m2.k)  and a solar gain coefficient 

less or equal to 0.7. TRNSYS which is one of the strongest softwares with a modular structure 

to simulate complicated energy-related problems will be used in our project in predicting the 

energy consumption for heating and cooling for proper design optimization of heating and 

cooling systems. 
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5.1. Yearly heat loss calculation with the different scenarios 

 

According to the second law of thermodynamics, whenever there is a temperature difference 

between two systems, heat transfer occurs from the warmer to the colder body. Whenever there 

is a temperature difference between the inside and outside of the house, heat flows through 

windows via both convection and radiation, to the outside causing considerable heat losses. In 

the following analysis, we will calculate the total heat losses per year in a 100𝑚2  house using  

the convection formula:     𝑸𝒄 = 𝑼 ∗ 𝑨 ∗ 𝜟𝑻 

and the Stefan Boltzmann Law (Radiation)  :    𝑸𝒓 = 𝒆 ∗ 𝝈 ∗ 𝑨 ∗ (𝑻𝟒 − 𝑻𝒄𝟒). 

with     A the area of the window, 

U the thermal transmission coefficient, 

T the inside temperature, 

Tc outside temperature.  

15% window area was considered in different glazing scenarios. Inside temperature was set to 

18 degrees, and for the outside temperatures, monthly average temperatures of last year were 

used. We consider a Ceteris Paribus scenario where the pressure, wind speed, inside and outside 

temperatures are constant. 
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First scenario: Single clear glass, 4mm. 

Table 4:  Yearly heat loss analysis for single glass (reference) 

Single glazed scenario  

Mon

th  

Tc T - Area 
U 

value  
 

Stephan's 

cte 

Heat loss 

through 

Radiation [W] 

Heat Loss 

through 

convection 

(W) 

Total Heat 

loss (W) 

Jan  275.7 291 

1.39E

+09 18 5.37 0.84 5.66E-08 1192.355457 1478.898 

2671.2534

57 

Feb 277.3 291 

1.26E

+09 18 5.37 0.84 5.66E-08 1076.574472 1324.242 

2400.8164

72 

Mar 279.6 291 

1.06E

+09 18 5.37 0.84 5.66E-08 906.5916151 1101.924 

2008.5156

15 

Apr 282.9 291 

7.66E

+08 18 5.37 0.84 5.66E-08 655.2671922 782.946 

1438.2131

92 

May 284.6 291 

6.1E+

08 18 5.37 0.84 5.66E-08 522.3171 618.624 1140.9411 

June 289.9 291 

1.08E

+08 18 5.37 0.84 5.66E-08 92.26491767 106.326 

198.59091

77 

July 294.8 291 0 18 5.37 0.84 5.66E-08 0 0 0 

Aug 294.4 291 0 18 5.37 0.84 5.66E-08 0 0 0 

Sep 290.1 291 

8830

1114 18 5.37 0.84 5.66E-08 75.56738682 86.994 

162.56138

68 

Oct 285 291 

5.73E

+08 18 5.37 0.84 5.66E-08 490.6864312 579.96 

1070.6464

31 

Nov 280.6 291 

9.71E

+08 18 5.37 0.84 5.66E-08 831.3654498 1005.264 

1836.6294

5 

Dec 276.7 291 

1.31E

+09 18 5.37 0.84 5.66E-08 1120.227993 1382.238 

2502.4659

93 

         

Total Heat 

Loss lost per 

year  15430.634 
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The majority of the heat loss occurs during cold months of the year, whereas for summer 

months, a negative value of heat loss is resulted, meaning that heat is gained not lost and this is 

due to the fact the during summer the outside temperature is higher than the inside. 

 

Figure 6: Yearly heat loss distribution through radiation and convection 

 

 

From figure 6, we can notice that heat loss through radiation is also important in glazings. 

Considerable heat losses occur in cold months where the outside temperature is less than 18.  
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Table 5: Heat loss analysis summary for all scenarios 

 

 Single glazed  Double glazed   Triple glazed  Double Argon filled  Double Krypton filled  

Month  
Total Heat loss (W) 

Jan  
2671.253457 2021.034057 1668.797457 1577.915457 1429.199457 

Feb 
2400.816472 1818.593872 1503.192472 1421.814472 1288.650472 

Mar 
2008.515615 1524.038415 1261.587615 1193.871615 1083.063615 

Apr 
1438.213192 1093.979392 907.5011922 859.3871922 780.6551922 

May 
1140.9411 868.9539 721.6131 683.5971 621.3891 

June 
198.5909177 151.8431177 126.5189177 119.9849177 109.2929177 

July 
0 0 0 0 0 

Aug 
0 0 0 0 0 

Sep 
162.5613868 124.3131868 103.5933868 98.24738682 89.49938682 

Oct 
1070.646431 815.6584312 677.5264312 641.8864312 583.5664312 

Nov 
1836.62945 1394.65025 1155.22145 1093.44545 992.3574498 

Dec 
2502.465993 1894.744593 1565.529993 1480.587993 1341.591993 

Yearly 

heat loss  
15430.63401 11707.80921 9691.082015 9170.738015 8319.266015 

Detailed calculation tables for each scenario in Appendix A 
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Figure 7:  Heat loss analysis in different glazing scenarios 

From table 5 and the graph in figure 5, we can notice that the least heat losses through windows 

occur when using Krypton filled double glass (U Value= 0.86 W/m2K), and Argon filled double 

glass (U-value= 1.4 W/m2K) saving 46% and 40% of losses respectively. Heat losses through 

the glazing increase when using systems with high thermal conductivity (U-value). 
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Table 6: Heat loss analysis for coldest day of the year 

Coldest 
day  Tc T 

T^4-
Tc^4 Area   

U 
value   Emissivity  

Stephan's 
cte 

Heat loss 
through 
Radiation (W) 

Heat Loss 
through 
conduction 
(W) 

Total Heat 
loss (W) 

Simple 271.56 291 2E+09 18 5.37 0.84 5.66E-08 1482.720639 1879.0704 3361.791039 

Double 
Air 271.56 291 2E+09 18 3.009 0.84 5.66E-08 1482.720639 1052.90928 2535.629919 

Triple 271.56 291 2E+09 18 1.73 0.84 5.66E-08 1482.720639 605.3616 2088.082239 

Double 
Argon 271.56 291 2E+09 18 1.4 0.84 5.66E-08 1482.720639 489.888 1972.608639 

Double 
Krypton 271.56 291 2E+09 18 0.84 0.84 5.66E-08 1482.720639 293.9328 1776.653439 

            

From the weather database, the coldest day this year occurred on January 15th were temperature 

reached an average of -1.6 C. Heat loss calculation for this day shows how considerable the heat 

losses that can be avoided by moving to a glazing with enhanced thermal properties.  

5.2. Heat loss through Infiltration  

This type of heat transfer occurs when air is flowing in and out the building, it is also called heat 

transfer due to air exchange and it is related to air exchange per hour (ACH) and in cold times 

can be as low as 0.15 to 0.5 changes per hour because the little cracks and leaks in windows 

benefit from the frozen water and become well sealed. Bigger window percentage and cracked 

or not well-sealed windows cause the ACH to rise and thus increase the heat loss due to 

infiltration. It can be represented by the following formula: 
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 𝑄𝑖𝑛𝑓𝑖𝑙𝑡𝑟𝑎𝑡𝑖𝑜𝑛 = 0.373 ∗ 𝛥𝑇 ∗ 𝑉 ∗ 𝐴𝐶𝐻 

 

with     The temperature difference between inside and outside of the house in   

  V the volume in 𝑚3 

  ACH number of natural air changes per hour  

 

From the equation, we can notice that heat loss through Infiltration is not dependent on the 

thermal properties on the glazing system and will be the same for all scenarios. The table and 

graph below show the results of heat loss through infiltration simulation. 

 

Table 7:   Heat loss through infiltration 

                                  

5.3. Internal Heat Gains  

Any heat gained form equipment not belonging to the HVAC system can be considered as heat 

gains. TRNSYS software simulation approximated the heat gains of the 100m^2, south-oriented 

house to be 5.953*10^3 KWh per year, approximately 495.8 KWh per month for an occupant 

density of 0.1 occupant/m^2. This value is constant in all scenarios since it is independent of 

thermo-physical properties glazing systems used.  

Figure 8:  Graph of monthly heat loss through infiltration 
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5.4. HVAC parameters  

To simulate the energy needed to compensate for heat losses, and for heating and cooling, we 

need to set few parameters like natural air exchange that was set to 0.25 changes/h. No 

mechanical ventilation was considered. The temperature was set to 18°C daytime and 15°C at 

night during cold months whereas for summer periods (June, July, August), cooling was set to 

26 degrees. The following diagram was used in the simulation software TRNSYS to predict the 

energy consumption of the house.  

Figure 9: Basic diagram of building simulation in the TRNSYS environment. 
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6. SIMULATION RESULTS  

6.1. Heating demand for 15%window percentage 

Table 8:Heating consumption for different scenarios 

Monthly summary heating consumption  

Months Jan Feb Mar Apr May Sep Oct Nov Dec Sum 

Single  2067.0 1564.0 952.00 571.80 175.60 4.65 194.00 1225.0 2135.0 8889.0 

Double 1772.0 1337.0 783.30 461.20 136.60 1.69 147.10 1020.0 1841.0 7499.8 

Triple  1705.0 1289.0 763.60 449.50 134.70 1.49 141.90 979.60 1769.0 7233.7 

Double 

Argon filled  
1641.0 1240.0 739.30 434.30 130.30 1.17 135.40 940.80 1701.0 6963.2 

Double 

krypton filled  
1628.0 1229.0 728.80 381.20 123.20 0.28 117.60 783.70 1406.0 6397.7 
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Figure 10: Monthly heating demand for different scenarios 

We can notice from the graph in figure 8 that moving from single glass to any other alternative 

would reduce considerably the heating needs of the house. Triple glazing and double-glazing 

argon-filled have close results, and krypton filled double glass allows the least heat losses and 

thus requires least heating loads to achieve thermal comfort. We can as well notice that a 

significant difference between the glazing systems occurs during months where significant 

heating is needed like January and December, for instance, moving from single to double glass 

krypton filled results in a difference of 2491.27 KWh.  
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Predicting the cooling demand of the house in hot months (June, July, and August) to keep the 

temperature below 26 C resulted in the same conclusion; moving from single to any other glazing 

scenario lowers the cooling demand of the house with glazing with lowest U values achieving 

best insulation performance.  

6.2. Energy saving study 

To visualize the savings in terms of 

energy, we calculated the thermal 

needs of the house by adding yearly 

heating and cooling consumption in 

[KHh] and then calculated the 

percentage energy     saved using the 

following formula (table 9 shows a summary of the results): 

Table 9:  Monthly cooling needs 

Figure 11: Graph representing monthly cooling needs 

Figure 12: Total yearly thermal needs of the house 
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  %𝑒𝑛𝑒𝑟𝑔𝑦 𝑠𝑎𝑣𝑒𝑑

=
𝐸𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑 𝑏𝑦 𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 − 𝑒𝑛𝑒𝑟𝑔𝑦 𝑢𝑠𝑒𝑑 𝑏𝑦 𝑠𝑒𝑛𝑎𝑟𝑖𝑜 𝑥

𝑒𝑛𝑒𝑟𝑔𝑦 𝑢𝑠𝑒𝑑 𝑏𝑦 𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒
× 100 

Table 10:  Percentage Energy savings 

  

Energy needed for cooling and 

heating (KWh/Year) 

Energy saved 

(KWh) 

Percentage energy 

savings 

Reference: clear 

simple glass 9799.541 - - 

Double Glass 8301.998 1497.543 15.28176677 

Triple glass 7661.134 2138.407 21.82150164 

Double Argon 7601.484 2198.057 22.43020362 

Double Krypton 6672.47 3127.071 31.91038233 

      

6.3. Effect of shading on heating demand of the house  

The use of exterior shadings is crucial to increase the efficiency of buildings and reduce their 

energy consumption. In order to investigate how mounting shading systems on all windows 

would affect the energy consumed for heating and cooling an energy simulation will be carried 

out through the software TRNSYS on the same house with shading systems on the windows. The 

shading type in figure10 was considered as it is showed the best results in energy saving in 

different climates. The edges 1 and 2 were set to 20cm, the width and the height of the shading 

were set to 50 cm for all windows [15].  
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Figure 13:   Shading system dimensions 

 

Figure 14:  Heating demand comparison between shading and no shading 

From figures 14 and 15 we can notice that the external shading system lowers the cooling loads 

needed by the house. The shading reduces the solar heat gain by windows resulting in a decrease 

of glass temperature, improving thermal conditions in hot months. However, even though the 

sun’s path is usually lower in winter, shading caused an increase in heating consumption, thus 

regions of zone 4 do not need exterior fixed shadings.  
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Figure 15:  cooling demand comparison between shading and no shading 

6.4. Effect of window percentage on heating and cooling demand   

The aim of this section is to study the impact of window percentage, or in other words size of 

windows on the heating and cooling energy demand of the house. The window percentages 

considered are the following 15%, 30% and are calculated using the following formula: 

𝐹𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑤𝑖𝑛𝑑𝑜𝑤𝑠 𝑖𝑛 𝑒𝑥𝑡𝑒𝑟𝑛𝑎𝑙 𝑤𝑎𝑙𝑙𝑠 =
𝛴 𝑊𝑖𝑛𝑑𝑜𝑤𝑠  𝐴𝑟𝑒𝑎

𝛴  𝐸𝑥𝑡𝑒𝑟𝑛𝑎𝑙 𝑤𝑎𝑙𝑙𝑠 𝐴𝑟𝑒𝑎 
 

Table 11:   Heating demand for the house with 25% window area 

Monthly summary heating consumption (30% window area) 

MONTHS JAN FEB MAR APR MAY SEP OCT NOV DEC SUM 

Single  3262.00 2442. 1414. 841.30 244.3 7.65 312.8 1963. 3413. 
1390
0 

Double 2461.00 1822. 950.2 533.00 137.4 0.88 180.9 1417. 2629. 
1013
1 

Triple  2297.00 1704. 886.9 494.50 127.4 0.56 162.3 1311. 2456. 9439 

Double Argon filled  2444.00 1808. 945.9 530.60 137.2 0.85 179.4 1406. 2608. 
1005
9 

Double krypton 
filled  2201.00 1626. 847.1 464.90 118.2 0.39 148.3 1244. 2345. 8994. 
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When comparing heating demand between 15% and 30% window area while holding all other 

parameters constant we can notice that the larger the window area is the more significant heat 

loss become and thus more heating is needed. Windows are usually referred to as energy holes, 

they allow heat to access the house when the outside temperature is higher than the one inside 

but also cause considerable heat losses thus for a region like Ifrane, minimum window area 

should be considered in order to minimize heat losses through the latter. 

 

 

The graph in figure 16 demonstrates how less window area is better for cold climate areas 

regardless of the glazing system used since heating demand is less in 15% window area for all. 

7. ECONOMICAL STUDY 

In order to estimate the price of glazing systems, local glaziers in both Ifrane and Rabat were 

contacted. We will omit scenario the krypton fenestration system because of its unavailability in 

the region of Ifrane. Installation and transportation costs were not considered. 
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Table 12:   Estimated Cost of glazing system scenarios in MAD 

 

Price  
MAD/ 

Area of window 
 

 

Total cost of 
window 

MAD 

Simple glass 650 18 11700 

Double  1200 18 21600 

Double Argon filled  1500 18 27000 

Triple 2100 18 37800 

We can notice that the lowest glazing system with the lowest price is Double glass, air filled 

with a total price of 21600 MAD, with only 5400 MAD cheaper that Argon filled double glass. 

While the triple glazing system, was shown to be the most expensive. 

    7.1 Cost of energy needed for heating by the sample house  

Considering the yearly heating demand of the sample house when simple glass is used is around 

8889 KWh and that electricity is used, with a pricing of 1,0732 MAD/KWh it would result in a 

yearly cost of 9511.25 MAD.   

7.2. Yearly Heating Cost and gain of each scenario 

Using data resulted from the simulation of yearly heating needs of the house of each glazing 

scenario, and multiplying it by electricity cost 1.07MAD/ KWh to calculate the yearly heating 

cost, we could calculate the gain in MAD for each scenario by subtracting the heating cost needed 

by each scenario from the reference (single glass) case.  
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Table 13:Yearly Heating Cost and gain of each scenario 

 

Heating energy needed 

[KWh/year] 

Heating cost needed 

MAD/Year  

Gain in 

MAD/Year  

 Simple clear glass  
8889 9511.23 - 

Double glazing - 

air  
7499.8 8024.786 1486.444 

Triple Glazing 7233.7 7740.059 1771.171 

Double - Argon 6963.2 7450.624 2060.606 

Double Krypton  6397.7 6845.539 2665.691 

We notice from table 11 that adopting any of the proposed scenarios would result in a benefit 

of at least 1400 MAD. 

Conclusion and future work  

This study shows how the use of appropriate and efficient glazing system can be highly beneficial 

in terms of energy efficiency as well as thermal and visual comfort. Static glazing technologies, 

using multiple panes and gas fills remains one of the cheapest, yet effective method to relieve 

residents from the burdens of excessive use of heating and its high bill. Using the software 

WINDOW 7.7, different optical and thermal properties of glazing systems were studied resulting 

in the selection of four scenarios to be studies: double glazing air filled, double glazing Argon 

filled, double glazing Krypton filled and triple glazing fenestration system. Using the simulation 

software TRNSYS and after setting some parameters such as orientation of the house, mechanical 

ventilation, natural ventilation, occupant density, location and desired inside temperature we 

could predict the energy consumption to meet thermal comfort needs. These predictions showed 

that Argon and Krypton filled double panes reflected best results. An economical study 
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confirmed our decision that Argon filled glazing system is the most efficient and cost-effective 

fenestration system in Ifrane. Finally, the transparent part of building envelop should not be 

omitted and shall be insulated properly to reduce the heating and cooling expenditures and 

achieve a high energy efficiency. As for future work, introducing a coating material to the 

exterior panes of the glazing system can enhance the thermal properties of the window. It is then 

important to encourage research in the field of both static and dynamic glazing technologies as 

can bring huge benefits to the building envelop and energy efficiency. 
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