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Abstract— A low energy house has been designed and 

simulated using TRNSYS for hot and humid climate in UAE. 

The main investigation is about energy efficient building 

insulation materials for residential house. A typical townhouse 

in Ras Al Khaimah was chosen as reference to evaluate energy 

savings of insulation materials. The materials selected for the 

house are made of aerated autoclaved concrete (AAC), 

polyisocyanurate (PIR), polyurethane foam, a reflective 

coating, and triple glazed window with low emissivity coating. 

The study shows that the cooling load in the building is 

reduced by 65% by improving the envelope of the house. This 

cooling load represents up to 70% of the total electricity 

consumption in the building. The performance of different 

insulation materials and concept of low energy house is 

discussed in this article. 
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I. INTRODUCTION  

UAE is ranked among the highest energy consumers per 

capita in the world at 11.2 MWh [2] and one of the highest 

CO2 emitters at 20.5 tons of CO2 per capita in 2012 [2]. 

This country has experienced a boom in its building 

environment in the last years, and the trend is to keep 

growing, as well as their energy needs. In addition, real 

estate buildings have become a core business in Dubai and 

other UAE regions, the rate of growth in residential villas 

was about 300% from 200000 villas to 600000 in the past 

decade [3]. During summer period up to 70% building 

energy consumption is used for air conditioning in UAE 

[1]. In order to reduce the cooling load, energy efficient 

measures is becoming mandatory in buildings. The most 

energy efficient passive method to reduce cooling load in 

the buildings is using solar insulation materials. Due to the 

aforementioned reasons, new residential developments may 

tend to reduce its energy consumptions for a sustainable 

development in the region; and the concept of a low energy 

passive house plays an important role.  

 

A passive house project starts with the architectural design, 

where windows area, shades, facades, natural ventilation, 

etc, have to be optimized.  However, insulation materials 

play a critical role in energy efficient measures in the house 

by reducing the cooling load; and the current work deals 

with insulation materials for low energy house. The main 

goal is to get closer to a cooling load of 15kWh/m
2
a, which 

is a standard worldwide for passive houses [4]. 

II. OBJECTIVE 

Design a low energy house for a single family in UAE.  

Heat transfer simulation for different materials is made 

through TRNSYS software, in order to select the best 

materials in terms of thermal performance. 

III. SCOPE OF WORK 

The current work is focused on design of low energy house 

for new construction. The architectural design is fixed to a 

common style in UAE (windows areas, roof slope). A 

townhouse in Al Hamra Village located in Ras Al Khaimah 

is chosen as reference building. The natural ventilation 

effect will not be considered in this study. Thermal bridges 

are not analyzed in detail; however a compensation factor is 

added.  Local available building materials are preferred. 

IV. METHODOLOGY 

The design of the house starts by defining the site and 

operative conditions of the building. For the first point, 

weather data of the local area is considered. The ambient 

conditions like global solar radiation, relative humidity, and 

ambient temperature will influence the design and energy 

performance of the building. About the operative conditions 

of the house, the indoor temperature and relative humidity 

in this study will remain constant during all day and 

through the whole year. A set point of 23±1°C was chosen. 

The infiltration value was set in 0.2 changes per hour; the 

internal gains will depend on people behavior, as a purpose 

for this study, an internal heat gain of 20 W/m
2
 was chosen.  

 

Once the internal requirements of the house are defined, the 

cooling load is calculated. In order to do this, basic features 

from reference townhouse were chosen. The building has 

two storey, 20 m length, 9 m width and 6.4 m height (1207 

m
3
 of volume).  The main facade is located in north wall 

(128 m
2
) and it has a windows area of 45%. The south wall 

has 21% of windows area, west and east wall (57.6 m
2
 

each) does not have windows. The reflectance of the 

surfaces was estimated about 50%. The envelope of the 

house is made of concrete only and double glazing normal 

windows. 

 

The selection of new building materials for low energy 

house are chosen after understanding the cooling load 

pattern of reference townhouse made of concrete. The 

selection is also based on previous studies at CSEM UAE 

on different insulation materials at building material test 



facility at SOLAB [5].  This process is made through 

comparison of different sizes and properties. Relative 

energy savings of different insulation materials are 

simulated on a cube to simplify simulation procedure. After 

the material selection, based on simulation results, a new 

cooling load is calculated and the optimal passive design of 

the house is obtained. 

V. BACKGROUND 

A. Structural building materials  

 

The structural materials are limited to concrete, normal or 

low density (AAC); the most common materials used in 

low rising buildings in UAE. Concrete has a high density 

compared to insulation materials, which means more 

thermal mass   in the building envelope. An increase in the 

thermal capacity of the walls allow the building to stay cool 

(or warm) for longer, since it delays the heat transfer by 

heat absorption on the wall. The heat has to be released 

later on, but it can be done in a more suitable time 

(unoccupied or cooler periods). The length of the time lag 

for material is different for every wall of the house; due to 

the peak heat load occurs in different time depending on the 

orientation of it. However, for practical reasons, it is 

common that all walls have the same mass and thickness. 

 

Aerated autoclaved concrete (AAC) or low density concrete 

is made from silica sand, cement, water and an expanded 

agent, like alumina powder. The are several advantages of 

AAC over other masonry materials:  it uses relatively less 

material, it is lighter than sand-cement and foam blocks, 

lower density than red clay bricks, it has higher thermal 

resistance: in addition, it can act as a fire breaker [6]. 

 

B. Insulation building materials  

 

In terms of insulation materials, only those with very high 

thermal resistance were considered (R>1.3 m2K/W), among 

them, expanded polystyrene (EPS), polyurethane board 

(PUR), polyisocyanurate (PIR) were analyzed.  AAC is a 

structural material as well as insulation material. The effect 

of thermal briding is estimated in the software simulation 

Thermal breaks is an important part of the building 

envelope. They will avoid the thermal bridge effect, which 

is a material with a high thermal conductivity  that connects 

the external environment with the interior of the house or 

with the concrete which has a high thermal conductivity. It 

is common to find these breaks in the corners of the house 

where structural steel is present, or in the frames of the 

windows. Thermal breaks are ussually made of a rigid 

polymer, like rubber or  polystyrene [7] .  

 

C. Reflective coatings 

 

Reflective coatings are important elements in the envelope 

of the house. They will reduce the amount of solar radiation 

that enters into the building. The reflective materials can be 

found as rolled foil or reflective paint. CSEM UAE 

developed a low cost highly effective reflective coating 

paint, with a value of 86 % reflectance [8], and it will be 

used in roofs and walls for the design. 

 

D. Windows 

Windows and glass doors represent a challenging task when 

designing a low energy house; on one hand they present the 

highest heat gains per square meter, and on the other hand 

they represent the identity and aesthetics of the building. 

An important parameter in the building is the relation 

between the windows surface area and the whole surface 

area; typical values are between 10-20% for small houses in 

hot climates [9]; however new windows materials allow a 

higher ratio, especially in high rise buildings.  

 

The conventional windows nowadays in hot or cold 

climates are glazed, generally  either one, two or three 

layers of glass with air gap between them. The air acts as an 

insulation material, however another fluids with lower 

thermla conductivity can be be used, like CFCs, inert gases, 

like Argon or Krypton. The windows can have films as 

well, appiled inside or outside the windows, which reduces 

the amount of UV and infrared radiation, but they normally 

reduce visible light. The state of the art are low emissivity 

fims, they are selective spectral reflective coatings, which 

avoid heat and UV passing through the window and allow 

only visible light [10].  

 

A parameter that defines the thermal performance of a 

window is SHGC, which is the solar heat gain coefficient, 

and measures the rate of heat that passes throgh the window  

compared to the total amount of irradiation that reaches the 

window. The low emissivity films in double or triple glazed 

can reach visibilty factors more than 60%, keeping SHGC 

bellow 0.4 [10]. 

 

E. Other materials 

 

Complementary materials like plaster, mortar, and vapor 

barriers are not studied in detail but included with other 

materials in all cases, since they are common for every 

material.  However, it is important to remark the need for 

vapor barrier in the envelope of the house, because of high 

levels of humidity in UAE as these conditions might 

enhance the migration of water through the interior of the 

walls; the water may increase the thermal conductivity of 

the insulation material. 

VI. SIMULATION 

Simulations are carried out to estimate cooling load of 

reference town house. In order to choose the best material for 

low energy house, simulations were performed on a 1 m
3
 

cube, with no internal heat gains or infiltration.  Every side of 



the cube will have an orientation (N, S, E, W or horizontal). 

TRNSYS will calculate the heat flux (kWh/m
2
) through the 

each side of the cube on hourly average over a year for given 

weather conditions.  

 

Different materials and thickness are chosen and its thermal 

performance is evaluated. The best insulation material is 

chosen based on simulation results for the low energy house to 

estimate overall cooling load, which is   the optimized cooling 

load, with the ideal situation is to reach 15kWh/m2a.  

 

VII. RESULTS AND DISCUSSION 

The cooling load simulated for town house is about 51.6 MWh 

per annum which is equal to 71 kWh/m2 per annnum. This 

value is a fair aproximation, however it acts mainly as a 

reference to compare the savings due the new building 

materials. Different  insulation materials were simulated in a 1 

m3 cube, and heat flux through every surface was calculated.In 

first few graphs, the need for strategic location of insulation, 

coating and windows are explained and energy savings of 

different insulation materails are discussed in next few tables. 

Finally, the concept of low energy house and corresponding 

energy savings are discussed.   

 

Figure 1  shows the contribution of the heat flux on each side 

of the cube for reference case. It can be observed that the roof 

plays major role in cooling load contribution to the  house, so 

the highest insulated material will be located in the roof, 

followed by south wall.  

 

 
Figure 1. Heat flux in the different orientations of the cube for 

the reference case, surfaces made of  20 cm concrete. 

 

Figures 2 and 3 show the relative impact of the diferent 

insulation materials on each orientation. It can be observed 

that reflective coating is as important as insulation, especially 

in the roof, where its has more relative energy savings than 

insulation; on the the other hand, the coating may not be 

necessary on north wall. But, insulation on south and roof 

surfaces have shares of  50% of cooling load savings which 

indiactes the importance of insulation on these surfaces.  

 

 
Figure 2. Relative impact of  the reflective coating on each 

surafce 

 

 
Figure 3. Relative impact of  a typical insulation on each 

surface  

 

Figure 4 shows the solar radiation on each orientation of the 

cube throughout the year. The radiation levels are relatively 

low on  south facade in summer during which peak  cooling 

load coccurs and also north facade receives very low radiation 

through out the year compared to other surfaces. This is 

important to prioritize strategic location of windows, which 

have a lower thermal resistance than insulation. So, the 

majortiy of windows should be located on the north façade, 

and the rest of the windows should be located on the south 

façade such that the radiation transmision through windows is 
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minimized during summer as well as heating needs can be met 

by the radiation through the south windows during winter. 

 

 
Figure 4. Solar irradiation on different orientations of cube 

 

Table 1 shows the energy savings of different building 

materials compared to the reference case. It can be observed 

that  there is a great redcution in the cooling demand in case of 

insulation forms compared to the reference case. Insulation 

materials also provide a high thermal resistance in a relatively 

small thickness, which favours the optimal use of the land. 

 

Table 1. Energy savings with insulation forms for each surface  

 
 

Table 2 shows the savings due to insulation forms (AAC, PIR, 

Polyurethane foam, EPS), and the heat flux that it is possible 

to reach.  Energy savings upto 96% can be achieved with 

different forms of insulation compared to concrete case. 

However, these savings calculated in cube  are by assuming 

zero infiltration and with no windows. In real cases there will 

be deviation in energy savings due to other heat gains. 

 

Table 2. Energy savings due to insulation forms 

 
 

Finally, low energy house-1 is designed similar to town house 

with selected insulation materails. The low energy house-2 is 

similar to the first one, but  windows area was reduced by half 

to minimize heat flux through trasparent surfaces. 

 

Figure 5. Energy flow and  relative energy savings in new 

designs compared to town house. 

 

The new cooling load of the low energy house-1 is 18 MWh 

per year, equal to 25 kWh/m
2
a, which represnts 65% of 

reduction of the cooling load as shown in Fig. 5. By reducing 

window area by half in north façade (45% to 22.5%) and  in 

south façade ( 21% to 10.5%) in low energy house-2, an 

average heat flux of 12 kWh/m
2
a and cooling load reduction 

of 84% is achieved. 

VIII. CONCLUSIONS 

• Selection of materails for low energy house based on 

simulations are 

i. 25 cm of AAC and 10 cm of PIR for walls, 

ii. a composite made of PIR, polyurethane 

foam and AAC for roof (U = 0.1 W/m
2
K).  

iii. All suraces except north facade will be 

covered by a reflective coating. 

iv.  A triple glzing window (U = 0.59 W/m
2
K 

& SHGC =.402) was chosen. 
 

• A low energy  house for UAE region was designed in 

terms of energy efficient building insulation  

materials.  
 

•  A reduction of 65 % was achieved in case of low 

energy house-1 compared to a typical house in UAE. 

However, the average heat flow in the house is above 

the goal of 15 kwh/m
2
a due to transparant surfaces.  

 

• In case of low energy house-2, by reducing windows 

surface area, passive house standards can be 

achieved. The heat flow through the house is  as low 

as  12 kWh/m
2
a. 

 

• Further studies need to be carried out on shading, 

windows, infiltration etc to meet the passive house 

standards fully or to approach Zero Energy House. 
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