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ABSTRACT 

Energy use is second to staffing in building operating costs. Sustainable technology in the 

energy sector is based on utilizing renewable sources of energy such as solar, wind, glazing systems, 

insulation. Other areas of focus include heating, ventilation and air conditioning; novel materials and 

construction methods; improved sensors and monitoring systems; and advanced simulation tools that 

can help building designers make more energy efficient choices.  

The objective of this research is studying the effect of insulations on energy consumption of 

buildings in Iraq and identifying the amount of energy savings from application the insulations in 

buildings. HAP (Hourly Analysis Program) is used to calculate the thermal loads and the amount of 

energy needed. It is concluded that the use of the thermal insulation in the roof, walls, floors, and 

double glazing system for windows in building effectively reduces the energy required for air 

conditioning.   

 

Keywords: sustainable buildings design, energy efficiency technologies, insulations, double glazing 

system.  

  

 مستذامةال  وفورات الطاقة في العزل الحراري للابنية

 
 قصي عذنان علوان                                                                              نغام الصفارأأ.د.                      

 قسى انهُذسخ انًذَيخ قسى انهُذسخ انًذَيخ                    

 خبيعخ ثغذاد/كهيخ انهُذسخ                                                                     خبيعخ ثغذاد/كهيخ انهُذسخ  

            

الخلاصة

 

 انً انطبقخ قطبع في انًستذايخ انتكُىنىخيب تستُذ. انًجًُتكبنيف تشغيم  في انثبَيخ انًشتجخفي  انطبقخ استخذاو يبتي

 ،انتذفئخ تتضًٍ أخشي يدبلادهُبك . انعضلو انضخبج، أَظًخ انشيبذ،طبقخ  ،انطبقخ انشًسيخ يثم انًتدذدح انطبقخ يصبدس استخذاو

 انًتطىسح انًحبكبح وأدواد انشصذ، وَظى الاستشعبس أخهضح وتحسيٍ ، خذيذح يىاداستخذاو وانجُبء  أسبنيت انهىاء، وتكييف انتهىيخ

 .كثش كابءحالاانطبقخ  اختيبسفي  انًجًُ يصًًي تسبعذ أٌ يًكٍ

 ثُيخدساسخ تبثيش انعىاصل في اندذساٌ وانسقىف والاسضيبد وانُىافز عهً استهلاك انطبقخ في الا انًهزا انجحث  يهذف 

 Hourly Analysisاستخذاو ثشَبيح  تى .ثُيخيٍ تطجيق انعىاصل في الا هوتحذيذ كًيخ انىفىساد في انطبقخ انُبتد في انعشاق

Program  نحسبة الاحًبل انحشاسيخ وكًيخ انطبقخ انلاصيخ. حيث تجيٍ اٌ استخذاو انعبصل في اندذساٌ والاسضيبد وانسقىف

 .يٍ كًيخ انطبقخ انلاصيخ نهتكييف ثشكم فعبل يقهم  في الاثُيخ واستخذاو انُىافز راد انضخبج انًضدصج

 

 .َظبو انضخبج انًضدوج انعىاصل، ،تقُيبد كابءح انطبقخ ،تصًيى الاثُيخ انًستذاو كلمات رئيسية:
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1. INTRODUCTION 

Sustainable design, green architecture, sustainable constructions, and green buildings these 

are all new way and method for designing and constructing. The environmental and economical 

challenges of this era are affecting many sectors. New buildings are being designed, executed and 

operated by modern technologies which reduces the environmental impact and at the same time 

leads to reduction in cost especially running costs. 
Buildings are large consumers of energy in all countries. In regions with harsh climatic 

conditions, a substantial share of energy goes to heat and cool buildings. This heating and air-

conditioning load can be reduced through many means; notable among them is the proper design 

and selection of building envelope and its components. 

The proper use of thermal insulation in buildings does not only contribute in reducing the 

required air-conditioning system size but also in reducing the annual energy cost. Additionally, it 

helps in extending the periods of thermal comfort without reliance on mechanical air-conditioning 

especially during inter-seasons periods. The magnitude of energy savings as a result of using 

thermal insulation vary according to the building type, the climatic conditions at which the building 

is located as well as the type of the insulating material used. The question now in the minds of many 

building owners is no longer should insulation be used but rather which type, how, and how much. 

 

2. RESEARCH OBJECTIVE 

The objective of this research is to identify the potential savings in energy for Building by 

using insulations in walls, floors, roof, and windows. In order to calculate the energy savings in 

building, HAP 4.7 (Hourly Analysis Program) from Carrier is used to calculate the thermal loads on 

two stages: 

1. Building without insulations. 

2. Building with insulations. 

 

The main objectives of this research are: 

1. Identifying the potential quantitative savings in energy from the application of insulations in 

green house. 

2. Studying the effect of sustainable energy technologies systems in Buildings. 

 

3. SUSTAINABILITY 

The concept of sustainability in building and construction has evolved over many years. The 

initial focus was on how to deal with the issue of limited resources. More recently, an appreciation 

of the significance of non-technical issues has grown. It is now recognized that economic and social 

sustainability are important, as are the cultural heritage aspects of the built environment. Sustainable 

design concept can be divided into following aspects, Jain et al., 2013: 

1. Sustainable site planning, preservation of site character, erosion, and sedimentation. 

            Buildings envelop design, optimum design as per climate conditions and energy 

conservation building codes. 

2.  Ecologically sustainable material which is based on zero or low toxicity reduces adverse 

environmental impact. 

3. Indoor Ambience, ventilation system to meet minimum indoor air ventilation rates. 
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       . 

4. Water and waste management, facilitate efficiency in use of water resources. 

5.  Integration of renewable energy use of energy efficient fixture, materials and integration of 

energy sources. 

   

4. ENERGY EFFICIENCY TECHNOLOGIES 
Energy needs can be reduced in several ways. Improving the performance of a building's 

envelope means less heating and cooling energy will be required, so the Heating, Ventilation, and 

Air Conditioning (HVAC) system can be smaller. High efficiency motors should be specified for all 

heating, ventilation, and air Conditioning components and heat recovery systems. More efficient 

lighting designs will reduce both lighting and cooling energy costs ,Perkins and Stantec, 2003. 
 

4.1 Glazing System 

Double glazing window system is commonly used in buildings of today. There have been 

many attempts to improve the insulation performance of this system such as low-e coating of glass 

surface, gas-filling between the glass panes, inserting a thermal breaker made of polyurethane or 

polyamide in frame, etc.. ,Song et al., 2005. 

The performance of glazing is dependent on the overall rate of heat flow (U-value or thermal 

transmittance), Solar Heat Gain Coefficient, and visible transmittance. The U-Factor is a measure of 

how easily heat is transferred through a material and therefore a lower U-Factor indicates the lower 

amount of heat transfer through a window (from the interior to the exterior). The Solar Heat Gain 

Coefficient (SHGC) is the fraction of solar heat that enters through a glazing system and becomes 

heat. Visible transmittance (VT) is the percentage of the visible spectrum that is transmitted through 

glazing. For example, when daylight is a desired goal, glazing with a high VT is preferable ,Perkins 

and Stantec, 2003. 

Double-glazing can substantially reduce the U-value of the glazed area of a building and as 

such it has become popular. However, double-glazing units are composed of a number of 

components as opposed to single sheets of glass. Double-glazing units are composed of a number of 

different materials, including glass, spacer bar, desiccant and sealant. The ultimate properties, 

qualities and Life time of any double-glazing units depends to a large extent on the type and quality 

of the individual components and the excellence of their manufacture, Garvin and Wilson, 1998. 

In the UK the majority of PVC-U and aluminum frames are drained and ventilated. 

However, timber and steel windows are more commonly fully bedded. Examples of both types of 

system are shown in Fig. 1 and Fig. 2, Garvin and Wilson, 1998. 

 

4.2 Insulation 

Well-insulated building envelopes are primary considerations in comfort and sustainability. 

Insulation helps to protect a building’s occupants from heat, cold, and noise; in addition, it reduces 

pollution while conserving the energy needed to heat and cool a building. The comfort and energy 

efficiency of a home and, to a lesser degree, an office depend on the thermal resistance (R value) of 

the entire wall, roof, or floor (i.e., whole-wall R value), not just the R-value of the insulation. 

Techniques such as advanced framing increase the wall area covered by insulation, thereby 

increasing the whole wall’s effectiveness. Framing conducts far more heat than insulation, in the 

same manner that most window frames conduct more heat than double-paned glass. An additional 
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layer of rigid insulation between framing and exterior sheathing can help improve the whole-wall 

R-value by insulating the entire wall, and not just the clear space,Kubba, 2009. 

According to Mohsen and Akash,2001, the heating load was calculated for a typical single 

house using different insulation materials. It was shown that the energy saving up to 77% can be 

achieved when polystyrene is used for both wall and roof insulation. 
Al-Homoud, 2004, summarized the benefits for using thermal insulation in buildings, as follows: 

1. A matter of principle: Using thermal insulation in buildings helps in reducing the reliance on 

mechanical/electrical systems to operate buildings comfortably and, therefore, conserves 

energy and the associated natural resources. 

2. Economic benefits: An energy cost is an operating cost, and great energy savings can be 

achieved by using thermal insulation. 

3. Environmental benefits: The use of thermal insulation. 

4. Thermally comfortable buildings: The use of thermal insulation in buildings extends the 

periods of indoor thermal comfort especially in between seasons. 

5. Reduced noise levels. 

6. Building structural integrity. 

7. Vapor condensation prevention: Proper design and installation of thermal insulation helps in 

preventing vapor condensation on building surfaces. 

8. Fire protection. 

American Society of Heating, Refrigerating and Air Conditioning Engineers (2001) 

mentioned building thermal insulation, which fall under the following basic materials and 

composites: 

1. Inorganic Materials 

  Fibrous materials such as glass, rock, and slag wool. 

 Cellular materials such as calcium silicate, bonded perlite, vermiculite, and ceramic 

products. 

2. Organic Materials 

 Fibrous materials such as cellulose, cotton, wood, pulp, cane, or synthetic fibers. 

 Cellular materials such as cork, foamed rubber, polystyrene, polyethylene, polyurethane, 

polyisocy-anurate and other polymers. 

3. Metallic or metalized reflective membranes: These must face an air-filled, gas-filled, or 

evacuated space to be effective. 

 Fig. 3 shows a graphical comparison of the thermal resistances of 5 cm thickness for 

common building insulation materials. Concrete block is not considered as an insulating 

material. However, it was included in the figure as a reference (no insulation case) for 

comparison purposes only. 

 

5. CASE STUDY 

The case study evaluates the impacts of high quality insulation in energy consumption in 

single-family home. In this study a typical Iraqi house layout is considered for a single family. The 

consists of two floors ground and first floor  with a total plot area about 200 square meters having 

four rooms and two bathrooms one in each floor. 
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Assumptions: 

 Air conditioning system consists of package unit and all house walls, roofs and floors without 

insulations in home. 

1.  Glass considered single layer with 4 mm thick for windows and doors. 

2. The Air Conditioning (AC) plans layout shown in Fig. 4. 

3. Air Conditioning work 7 months from (April to October). 

4. Ordinary bricks used for non-insulated house and insulated concrete block used for insulated 

house. 

 

5.1 Energy Baseline Usage for Non-insulated House 

In order to calculate the efficiency of the new technologies used for sustainable house 

design, the baseline energy consumption of air conditioning use should be calculated. 

Baseline energy consumption of the air condition of the house in the case that the house has 

not used insulation in the walls, roofs and floors, and windows HAP 4.7 (Hourly Analysis Program) 

from Carrier is used to calculate the thermal loads. So, What Is HAP? 

 Carrier's Hourly Analysis Program is two powerful tools in one package. HAP provides 

versatile features for designing HVAC systems for commercial buildings. It also offers powerful 

energy analysis capabilities for comparing energy consumption and operating costs of design 

alternatives. By combining both tools in one package significant time savings are achieved. Input 

data and results from system design calculations can be used directly in energy studies. 

HAP is used to calculate the thermal loads and the amount of energy needed through the 

introduction of country specific information such as climate, latitude and longitude, spaces 

dimensions and materials used in walls, floors and roofs. Hap calculated thermal loads and provides 

the equivalent of the amount of cooling by type of cooling plants used. 

Enter the information for each space in the house such as the name of the space, floor area, 

room lighting, the number of people, walls and windows areas of space exposed to sun radiation, 

roof area if exposed to sun radiation as shown in Fig.5.  

After completing the introduction of all information about spaces of house then choosing the 

AC plant type and specifications required. HAP program analyzes and calculates the thermal loads 

and the monthly amount of energy required for a period of 7 months in kilowatt. hour (kw.h) as 

shown in Table 1. The results show that the total amount of energy for non-insulated house =24989 kw. 

h/year. 

 
5.2 Application of Insulation 

Majority of insulation in buildings is for thermal purposes, the term also applies to acoustic 

insulation, fire insulation, and impact insulation. Thermal insulation in buildings is an important 

factor to achieving thermal comfort for its occupants. Insulation reduces unwanted heat loss or gain 

and can decrease the energy demands of heating and cooling systems. It does not necessarily deal 

with issues of adequate   ventilation and may or may not affect the level of sound insulation.  In a 

narrow sense insulation can just refer to the insulation materials employed to slow heat loss, such 

as: cellulose, glass wool,  rock wool, polystyrene, urethane foam,  vermiculite, perlite, wood fiber, 

plant fiber (cannabis, flax, cotton, cork, etc.). 
 

http://en.wikipedia.org/wiki/Thermal_insulation
http://en.wikipedia.org/wiki/Acoustic_insulation
http://en.wikipedia.org/wiki/Acoustic_insulation
http://en.wikipedia.org/wiki/Fireproofing
http://en.wikipedia.org/wiki/Cushioning
http://en.wikipedia.org/wiki/Thermal_insulation
http://en.wikipedia.org/wiki/Thermal_comfort
http://en.wikipedia.org/wiki/HVAC
http://en.wikipedia.org/wiki/Ventilation_(architecture)
http://en.wikipedia.org/wiki/Sound_insulation
http://en.wikipedia.org/wiki/Building_insulation_materials
http://en.wikipedia.org/wiki/Cellulose
http://en.wikipedia.org/wiki/Glass_wool
http://en.wikipedia.org/wiki/Rock_wool
http://en.wikipedia.org/wiki/Polystyrene
http://en.wikipedia.org/wiki/Polyurethane
http://en.wikipedia.org/wiki/Vermiculite
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For the purpose of insulation the home, insulated concrete block with polystyrene thick 10 

inches used instead of ordinary bricks for walls with 0.5 inch gypsum plaster and 0.5 inch cement 

plaster so the overall thermal transmittance (U-Value) become 0.085 British temperature units / 

Fahrenheit x foot
 
square x  hour (Btu/ F ft

2
 h). roofs consist of 0.5 inch gypsum plaster, 8 inches 

concrete, 0.5 inch asphalt sheathing, 2 inches R7 board insulation, 4 inches sand and 1.5 inches 

cement tiles so the overall U-Value become 0.06 Btu/ F ft
2
 h. Double glazing 1/4 inch grey 

reflective outer glaze and 1/4 inch clear with 1/2 inch air space used for windows. Fig.6 shows the 

roof, wall, floor, and windows layers. 

When insulated the walls, roofs, floors and windows the thermal transmittance U-value 

become less than from non-insulated be. Fig. 7 shows the U-Value for non-insulated wall and 

Table 2 shows the U-Values calculated by HAP. After completing the introduction of all 

information about insulated spaces of House then choose the Air Conditioning plant type and 

specifications required. HAP program analyzes and calculates the thermal loads and the monthly 

amount of energy required for a period of 7 months in (kW.h) (see Table 3).   

The results show the total amount of energy for insulated house =16874 kW.h/year Yearly 

Savings of air conditioning will be 24989 – 16874 = 8115 kW.hr/year 
 

6. CONCLUSION 
The following points have been identified as the overall conclusions of the research: 

1. The Sustainable design should seek to reduce negative impacts on the environment, and the 

health and comfort of building occupants, thereby improving building performance. 

Integration of architecture and technology can alleviate sustainability in a great way. 

2. The cost of such green buildings may be higher by 5-10% than that of conventional building, 

it will result in 30-40% energy saving and the excess cost can be recovered within 3-4 years. 

The incorporation of sustainable features should be made mandatory through separate Bye 

laws for energy efficient buildings to conserve depleting resources and to reduce the overall 

negative impact of development on the environment. 

3. Wall and roof insulation are recommended for buildings in all climates for more thermally 

comfortable space and, therefore, less energy requirements. Insulation helps in reducing 

conduction losses through all components of the building envelope. However, roof insulation 

is generally more critical than walls and should be given more attention. 

4. The use of the thermal insulation of the roof, walls, floors, and double glazing system for 

windows effectively reduces the energy required for air conditioning can arrive where 

rationalization in energy consumption to about 32%. 

 

7. RECOMMENDATIONS 

1. Sectors of urban planning and environment in Iraq must be responsible to   develop  a national 

environmental strategy within the concept of sustainable development and issuance of new 

laws to construction by participation of the planning departments of cities and municipalities 

in the provinces and the implementation of these strategies during the next stage. 

2. Proper treatment of building envelopes can significantly improve thermal performance 

especially for envelope-load dominated buildings, such as residences. Therefore, the proper 

selection and treatment of the building envelope components can significantly improve its 

thermal performance. 
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3. Designer is important joint in the development of the project in order to defend their own 

ideas, to clarify the reasons, high-performance projects. 

4. Legislation of Determinants relating to the use of renewable energy systems in buildings and 

urban communities and modify construction systems to include special legislation to energy-

saving systems. 
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Figure 1. Cross section of a dual sealed double glazing unit,Song et al., 2005. 
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Figure 2. Drained and ventilated and fully bedded window frames. (a) Timber; (b) PVC; (c) 

aluminum; (d) timber fully bedded, Garvin and Wilson, 1998. 
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 Figure 3. Thermal resistances (5cm thickness) of common building insulation materials 

(Concrete block is added for comparison purposes), Al-Homoud, 2004. 
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 Figure 4.  Air Conditioning plans layout. 
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 .Figure 5. HAP space properties. 

 

Table 1. Monthly simulation results for non-insulated house package unit. 
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Figure 6. Insulated roofs, walls, floors, and double glazing windows (Researcher). 

 

 

 

Table 2. U-Values. 

Portion  U-Value Non-insulated 

Btu/ F ft
2
 h 

U-Value insulated 

Btu/ F ft
2
 h 

roofs 0.345 0.06 

walls 0.301 0.085 

windows 1.228 0.717 
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Figure 7. HAP U-Value and R-Values for Non-Insulated wall (Researcher). 

 

Table 3. Monthly simulation results for insulated house package unit. 

 


